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Abstract 

Arbegona area is located in southern parts of the Ethiopian highlands around 349 km from Addis 

Ababa, the capital city of Ethiopia. The area is a part of southern Ethiopian highlands, it is 

characterized by rugged topography with deep-cut gorges, weathered volcanic rocks, heavy 

rainfall and active surface processes. Because of the aforementioned conditions, the area becomes 

prone to landslide hazards. The previously occurred landslides in the study area have caused 

widespread damage. The main objective of this study is to evaluate landslide hazard and prepare 

a landslide hazard zonation map of Arbegona Woreda. The evaluation is conducted by applying 

GIS-based multi-criteria analysis. Landslide inventory map was firstly developed from 209 active 

and passive landslide scarps using intensive fieldwork and Google Earth image interpretation. 

These landslide locations were randomly divided into 70% training and 30% validation datasets. 

In this case study, the following landslide conditioning factors were evaluated: slope, aspect, 

drainage density, lineament density, geology, land use land cover and soil type. The thematic data 

layers representing various factors were, generated using GIS and remote sensing techniques. 

Using Analytical Hierarchy Processes, the weight of each factor was calculated and assigned in 

GIS. By adding the aforementioned landslide conditioning factors, a landslide hazard map, was 

produced by weighted overlay method. The result showed that 8.06% of the study area falls in very 

high, 29.24% in high, 43.88% in moderate, 11.79% in low and 7.03% in the very low hazard zone. 

Finally, the resulted landslide hazard maps have been validated and verified using the area under 

the curve and landslide inventory data. The result showed that the landslide hazard map agreed 

well with areas that had recently experienced a landslide. The landslide hazard map showed that 

southeastern, northwestern and southern parts of the study area are more prone to landslides than 

other parts. The correlation between landslide occurrence and causative factors was carried out 

to examine their relationship. Based on the landslide hazard zone various mitigation measures 

were recommended for the stabilization of unstable areas. The landslide hazard zonation map can 

be used for preliminary land use planning and hazard mitigation purposes in the study area. 

 

Key word: Landslide; Hazard zonation mapping; Arbegona Woreda; GIS and remote sensing, 

multi-criteria analysis.
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CHAPTER ONE 

1. INTRODUCTION  

1.1 Background 

Landslide is among the geohazard problems that cause damage to life and infrastructures. It 

occurs in the form of rotational, translational, and wedge forms of failure, causing a different 

impact on properties, lives, and blocking the traffic (Varnes, 1984; Courture, 2011).  It is a 

frequent 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 bedrocks. 

The widespread distribution of landslides in Ethiopia is mainly related to the occurrence of 

several predisposing factors such as rugged morphology, high relief, and the nature of the 

outcropping rocks (Brabb, 1993). The triggering factors are essentially connected with the 

rainfall regime and, seismicity to a minor extent. The role of human impact within the context 

of the countryôs socio-economic development is of increasing importance in causing landslides 

(Chen et al., 2007).  

Mapping and analysis of areas that are prone to landslide occurrence is of great importance, 

especially for disaster management and to minimize the impact of landslide hazards. According 

to Brabb (1993), 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, contributing to viable land-use planning (Chen et al., 

2007; Raghuvanshi et al., 2014). Landslide hazard maps present a spatial division of the ground 

into areas of different levels of potential landslide hazard zones and it provides the essential 

framework for land use planning and development of proper engineering practices (Anbalagan, 

2008).  

Landslides can be triggered by different causative factors, including slope, aspect, lineament 

density, drainage density, land use land cover, geology and soil type (Raghuvanshi et al., 2014). 

All these causative factors need to be analyzed for landslide hazard evaluation and mapping. 
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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) is proved to be an effective tool for generating and processing spatial 

information (Anbalagan, 2008). Integration of remote sensing (RS) and Geographic Information 

system (GIS) play a vital role in natural disaster management, particularly in landslide studies 

by integrating various factors and selected as the best tool to locate landslide hazard zones with 

accurate precision, cost and time-effective (Chen et at., 2007). Keeping this uses in view, GIS 

and remote sensing techniques are used in the present study to prepare landslide hazard zonation 

map of Arbegona Woreda. The evaluation is conducted by applying GIS-based multi-criteria 

analysis. 

1.2 Statement of problem 

Landslide hazard is one of the major geo-environmental problems that cause considerable 

damages to infrastructures and the natural environment. It endangers the well-being of the 

society, particularly the local peoples living near the toe of steep slopes prone to active land. 

Many active landslides exist along the road section and surrounding with different levels and 

failure modes (Ayalew, 1999). 

The main factors of land sliding in the Ethiopian highlands include the high relief (on average 

between 2000 and 3000 m), induced by the large-scale Pliocene-Quaternary uplift and the 

resulting rugged morphology, very deep valleys and gorges with high steep slopes (Ibrahim, 

2014). Active river incision is widespread and causes further slope steepening and instability. 

Besides the natural vulnerability of Ethiopian highland areas to landslides, owing to their 

geological and hydrological conditions, human interference has played an important role in 

accelerating land degradation (Ibrahim, 2014). 

Just like other areas in Ethiopian highlands, the Arbegona Woreda is also severely affected by 

landslide incidence. For instance, the landslides that occurred in Mikicho village/Kebele on 

25/09/2020, due to heavy and prolonged rainfall resulted in the death:- 6 persons (1 male and 5 

females), 38 animals (14 cows, 10 sheep, 7 goats and 7 hens), destruction of 1 home, farmland 

with crops, and the displacement of 186 people from their homes. Therefore, the area requires a 

due attention to minimize the impact by demarcating the areas potentially prone to landslides in 

the form of landslide hazard maps. Therefore, this work aimed to evaluate the causes, failure 
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mechanisms of landslides, and generate a landslide hazard zonation map for identifying areas 

that are the most vulnerable to future landslides. 

1.3 Objective of the research 

1.3.1 General objective 

The general objective of the study is to evaluate landslide hazards and prepare a landslide hazard 

zonation map of the study area using geographic information system and remote sensing.  

1.3.2 Specific objectives  

V To identify the type of landslide occurring in the study area; 

V To prepare a landslide inventory map; 

V To prepare maps of various causative factors. 

V To prepare a landslide hazard zonation map of the study area; consider landslide 

causative factors; 

V To check the validity of the prepared landslide hazard zonation map;  

V To recommend suitable remedial measures based on the results of the present study. 

1.4 Significance of the study 

This study will be beneficial to the unclearity and further research in the area: 

V It is applicable to understand the nature of unstable slopes and their potential to landslide. 

V It is applicable in terms of providing future landslide hazard information so that people 

and property in the area can be protected and the adverse effects of landslides can be 

minimized. 

V The study will serve as input for the purposes of disaster management, spatial planning 

and related decision-making processes.  

1.5 Scope of the study 

The scope of this study is limited to the evaluation of landslide hazard and landslide hazard 

zonation mapping of Arbegona Woreda.  For landslide hazard zone mapping, seven causative 

factors such as; slope, aspect, drainage density, lineament density, geology, land use land cover 

and soil type were considered. Suitable data for the analysis was obtained from field 

investigation, satellite image interpretation and literature. The evaluation of the landslide hazard 
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is conducted by applying GIS-based multi-criteria analysis. Two hundred nine past landslides 

in the study area were also identified and mapped through field survey and image interpretation. 

1.6 Organization of the thesis 

The present thesis study was, organized into five main chapters as follows;  

The first chapter introduces the introduction, statement of the problem, objectives, scope, 

significance and limitation. In this chapter, the frequency and status of landslides throughout the 

world, in Ethiopia and the study area, were discussed based on different kinds of literature. In 

addition, the problem based on the issue that exists in literature, theory and practice that need 

for the study was, presented.  

The second chapter discusses the literature review. This chapter introduces various literature 

related to the present study title that is used to give a brief review of the theoretical basis of 

landslide hazard zonation and different approaches 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 discusses the Methods and materials, data source, data collection, data 

preparation AHP approaches and general methodological steps.  

The fourth chapter detailed description of study area, includes location, physiography, climate 

and geology.  

The fifth chapter introduces the data analysis method performed in the present study, the result 

obtained from the analysis, and interpretation of the result in the perspective of a literature 

review or discussion section. In this chapter, the data analysis procedure and thematic data layer 

maps were, presented.   

The sixth chapter discusses the work in the output of the work accomplished or conclusion and 

gives further research direction and suggestions or recommendations. 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  

2. 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 several 

approaches to defining landslide hazards. According to Varnes (1984), Guzzetti et al. (1999), 

landslide hazard refers to the probability of landslide occurrence within a specified period, area 

and magnitude. This definition can indicate that landslide hazards integrate three basic elements, 

magnitude (area, volume, and 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 (1984), zonation divides land surface into areas and ranks these 

areas according to the degree of hazard from landslides or other mass movementsô. Moreover, 

Courture (2011) described landslide hazard zonation as a division or partition of a 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. However, 

there has been a significant increase in both landslide events and landslide studies in different 

parts of the world (Gutierrez et al., 2010). Furthermore, the statistical assessment of international 

landslide literature approved by Gokceoglu and Sezer (2009), illustrates that the publication of 

landslide-related articles in the international journals has experienced exponential growth. 

Subsequently, after the topical natural disasters worldwide, 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 approaches. Several 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; the 
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scale of the study area, the accuracy of the predictable outcomes, the availability of data, 

parameters measured, etc. (Fall et al., 2006). 

Inventory analysis is one of the simplest qualitative approaches to landslide hazard mapping. 

Landslide inventory mapping collects information on the spatial and temporal pattern of 

landslide distribution and displays them on a map. According to Dai and Lee, 2001; Dai et al. 

2002 and Fall et al. (2006), landslide inventory mapping is the 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 through field surveys using GPS, Historical records or interviews 

of witnesses, satellite images, Google earth and aerial photograph interpretation. However, 

landslide inventory maps are used to show slope failure caused by single events or the 

cumulative effect of many events over a long period (Guzzetti et al., 2000). 

Landslide hazard maps 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 parts of Italy, by establishing a relationship between geomorphological landslide maps 

and multi-temporal landslide inventories. The result shows that the complete landslide inventory 

map had highly useful for landslide analysis. Similarly, Guzzetti et al. (2003) compared three-

landslide inventory using universal frequency-area statistics. The result indicates, the number of 

landslide events increased proportionally with increasing landslide area and decreased with 

decreased landslide area. They discussed the importance of completeness and resolution of 

landslide inventory maps in the landslide studies. The incompleteness of the landslide inventory 

map is happened during the field-based collection of information due to loss of evidence of the 

existence of landslide removed by erosion, cultivation or another factor. Therefore, historical 

records and interviews of witnesses 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 identifying the relationship between past landslide and causative 
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factors. Even though, in statistical approach, various causative factors have been, analyzed by 

univariate or multivariate statistical methods (Fall et al., 2006; Dai and Lee, 2001). 

Conversely, the limitation of the statistical approach is the collection of data on landslide 

distribution and causative factors over a large area for a considerably prolonged period and the 

result is dependent on the quality of data and details of landslide frequency data (Fall et al., 

(2006). There are two types of statistical approaches in landslide hazard zonation: bi-variate and 

multi-variate statistical analysis. 

This analysis has been, applied for landslide hazard zonation to compare each data layer 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 derive data weights based on class distribution and landslide 

density. However, the weight of the landslide causative factor is assigned based on landslide 

density. The major bi-variate statistical model used in landslide hazard mapping is; Weights of 

Evidence Model, Weighted overlay model, Frequency Analysis approach, Information Value 

Model (IVM) and Fuzzy Logic method (Piacentini et al.; 2012; Parise 2002; Chung and Fabbri, 

1998).  

Multivariate statistics is a form of statistics containing more than one statistical variable of actual 

observation and analysis. In contrast multivariate statistical analysis for landslide hazard 

zonation reveals the relative influence of each thematic data layer on the total landslide 

susceptibility (Kanungo et al., 2009). Moreover, the analysis related to landslide susceptibility 

determines the weights of landslide causal factors based on the relative contribution in the 

occurrences of past landslide events within a defined land unit area (Suezen and Doyuran, 2004; 

Ayalew et al.; 2005). 

The 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 understanding the objective and background of various forms of multivariate 

statistical analysis and how they are, related to each other (Shahabi et al., 2012). Logistic 

regression model, Discriminant analysis, multiple regression models, conditional analysis, etc. 
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are commonly used methods of multi-variate statistical analysis for Landslide Hazard Zone 

mapping (Tolga et al., 2005; Guzzetti et al., 2005; Clerici et al., 2002; Chang and Liu, 2004). 

A probabilistic approach is a method that can identify the location, time and magnitude of 

landslide events. Guzzetti et al., (2005) stated that, the probabilistic approach in landslide hazard 

analysis had been applied to determine the spatial, temporal and size probability of landslides. 

Moreover, this approach brings objectivity in assigning weight, but a certain degree of 

subjectivity exists in the weight assignment process (Kanungo et al., 2009). Guzzetti et al., 

(2005) carried out landslide hazard assessment at the Basin scale using a probabilistic model. 

They determined the probability of landslide size, temporal and spatial probability of landslides 

using, frequency area distribution function. Although, Jaiswal et al., (2011) approved, 

quantitative landslide hazard assessment along transport route in Nilgiri Hills, India. They 

performed Frequency-volume statistics to get the probability of landslide magnitude for the 

different return periods. Several studies have attempted to apply the probabilistic approach for 

quantitative landslide hazard zonation in recent times (Ghosh, 2011; Floris and Bozzano, 2008; 

Jaiswal and Van Westen, 2013; Guzzetti et al., 2006; Polemio and Sdao, 1999) 

2.2 Classification of the landslide 

It is important for those professionals carrying out landslide mapping to use consistent 

terminology to classify and describe landslides. The types of landslides are usually differentiated 

by the nature of their movement and earth material involved. There are many classifications of 

landslides that are attributed to the complexity of movements (Hansen, 1984). However, by far 

the most widely used classification system is designed by Cruden and Varnes (1996), which has 

become accepted as the standard means of describing the form of landslides. They classified 

landslides according to the types of movement undergone on the one hand and the types of 

materials involved on the other hand. In brief, material in a landslide mass is either rock or soil 

(or both); the latter is described as earth if mainly composed of sand-sized or finer particles and 

debris if composed of coarser fragments. The type of movement describes the actual internal 

mechanics of how the landslide mass is displaced, i.e. fall, topple, slide, spread, or flow. Thus, 

landslides are described using two terms that refer to material and movement: rockfall, debris 

flow, and so on. Detail description of the common types of the landslide that happened 

throughout the world is elaborated in the following section.  
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2.2.1 Falls  

Falls are the abrupt movement of a mass of geologic materials; such as rocks, boulders or soils 

that become detached from steep slopes or cliffs when elevated masses are separated along 

joints, bedding or weaknesses. The detached masses go downward by free-falling, bouncing and 

rolling which can be seen in Figure 1. The triggering mechanism of falls is undercutting of 

slopes by streams and rivers or differential weathering, excavation during road construction, 

loosened by rain, plant-root wedging, expanding ice and earthquake shaking (Highland et al., 

2008).  

2.2.2 Topples  

Topples are similar to falls except that the initial movement involves a forward rotation of the 

mass. Toppling failures occur as a result of the overturning of the blocks rather than sliding 

(Figure 1). Topples can consist of rock, debris (coarse materials), earth materials (fine-grained). 

The triggering mechanism of topples is gravity, water or ice occurring in cracks within the mass, 

vibration, undercutting, differential weathering, excavation or stream erosion. It occurs in 

columnar jointed volcanic terrain as well as along streams and river courses where the banks are 

steep. The rate of movement ranges from extremely slow to extremely rapid. It can be extremely 

destructive especially when failure is sudden or velocity is rapid (Cruden and Varnes, 1996). 

2.2.3 Slides  

Slides can be defined as a downslope movement of soil or rock masses occurring on the surfaces 

of rapture or thin zones of shear strain (Highland et al., 2008). Typically failure surface is either 

1) curved in concave upward sense (rotational slides) or 2) nearly planar (translational slides). 

2.2.3.1 Rotational Slides 

 Rotational slides move along a surface of rapture that is curved and concave (Figure 1). In the 

crown parts of the slide, the displaced masses move downward vertically and the top surface of 

displaced masses angles back toward the scarp. Movement is more or less rotational on-axis 

parallel to the slope (Cruden and Varnes, 1996). 

2.2.3.2 Translational Slides   

Translational slides are types of slides where the sliding can extend downward and outward 

along a broadly planar surface, and slide out over the original surface (Cruden and Varnes, 1996) 
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as depicted in Figure 1. This type of movement typically occurs along structural features such 

as on a bedding plane or the interface between resistant bedrock and weaker overlying material 

(Abbot, 2004). They are found globally in all types of environments and conditions. 

Translational slides generally fail along geologic discontinuities such as faults, joints, bedding 

surfaces, or contact between rock and soil. These slides typically reflect a weak layer or existing 

structural discontinuity (Cruden and Varnes, 1996). If the overlying material moves as a single, 

less-deformed mass, it is called a block slide (Figure 1). 

2.2.4 Debris Flow  

A debris flow is a form of rapid mass movement in which a combination of loose soil, rock, 

organic matter, air, and water mobilizes as a slurry that flows downslope. Debris flows include 

less than 50% fine-grained mass. Debris flows are commonly caused by intense surface-water 

flow, due to heavy rainfall or rapid snowmelt that erodes and mobilizes loose soil or rock on 

steep slopes. Debris flows occur around the world and are prevalent in steep gullies and canyons. 

They can be intensified when they appear on slopes or in gullies denuded vegetation due to 

wildfires or forest logging. They are common in volcanic areas with weak soils (Highland et al., 

2008).  

 

Figure 1: The most common types of landslides (Highland et al., 2008). 
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2.2.5 Earth Flow  

Earth flows can occur on gentle to moderate slopes that contain fine-grained soils, commonly 

in clay and silt and very weathered clay-bearing bedrock. The mass in an earth flow moves as 

viscous flow with strong internal deformation. When disturbed, susceptible marine clay (quick 

clay), very vulnerable and may lose all shear strength with a change in its natural moisture 

content and suddenly liquefy, potentially destroying large areas and flowing for several 

kilometers. Earth flows occur worldwide in regions underlain by fine-grained soil or very 

weathered bedrock. Flows can range from small events of 100 square meters in size to large 

events encompassing several square kilometers in area. Earth flows in susceptible marine clays 

may run out for several kilometers. The depth of the failure ranges from shallow to many tens 

of meters (Cruden and Varnes, 1996). The common triggering mechanisms of Earth flows 

include saturation of soil due to prolonged or intense rainfall or snowmelt, sudden lowering of 

adjacent water surfaces causing rapid drawdown of the ground-water table, stream erosion at 

the bottom of a slope, excavation and construction activities, excessive loading on a slope, 

earthquakes, or human-induced vibration (Highland et al., 2008). 

2.2.6 Creep  

Creep is the slowest type of mass movement which travels a few millimeters up to several 

centimeters per year. It is characterized by an imperceptibly slow, steady downward movement 

of slope forming soil or rock. This movement is caused by internal shear stress sufficient to 

cause deformation but insufficient to cause failure. Creeps may produce tilting of objects such 

as fence posts, telephone poles, power lines and retaining walls (Figure 1). It also causes trunk 

in trees on creeping slopes (Cruden and Varnes, 1996). Landslides can be grouped into three 

types based on the state of phenomena including active, passive and reactivated. An active 

landslide is a landslide that is moving at present either for the first time or reactivated. Passive 

landslide occurred in the past such as prehistoric landslide but bears a potentiality to be 

reactivated. Reactivated landslide is a landslide that is active after being inactive (Fell et al., 

2008). 
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2.3 Techniques and approaches for landslide hazard zone mapping. 

2.3.1 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 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 judgment, and synthesis of priorities 

(Malczewski, 1999). Subsequently, this technique involves multi-criteria decision making and 

a multi-objective approach to allow the active participation of decision-makers in reaching an 

agreement (Sahnoun et al., 2012).  

2.3.2 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 assists 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. Moreover, remote sensing 

contributes to the development of impartial and complete assessments over larger geographic 

extents and remote areas 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's surface. The recent developments in the application of satellite RS data 

in landslide studies in Europe have been studied. 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 they do not prove 
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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 one of the best sources 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 aircraft. Therefore, remote sensing 

serves as one of the main source data for GIS and prepares for further analysis in the GIS 

environment. 

2.3.3 Application of Geographic Information System (GIS) for landslide hazard mapping 

A geographic Information System is a computer system designed to store, retrieve, manipulate, 

analyze and display geographically 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 it 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 using GIS techniques. The data layer can well integrate using GIS, and weighted 

analysis is helpful to find Landslide-prone areas. With the help of GIS, we can do a risk 

assessment and 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 integrates different data sources stored in a different format to display all forms 

of geographically referenced information. Geographical Information System is widely used in 

landslide hazard assessment, especially for generating of thematic data layers, computation of 

different indices, weight assignment, data integration and generation of LSZ maps. In hazard 

assessment, GIS is provided to model and rank hazard risk occurrence according to its 

distribution or intensity and output visualization in various formats. However, geographic 

information system supports as geo-database, geo-visualization and geo-processing views to 

support the decision-making process. 

2.3.4 Integration of GIS and Remote Sensing for landslide hazard mapping  

GIS and remote sensing techniques are applied in several scientific disciplines like 

Environmental Science (Akar, 2009). Integration of GIS, Remote sensing and GPS provide 

timely and useful information about the natural resource and the change that appears on earth. 
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Moreover, integrations of geospatial technology can process and evaluate locational-based data 

to locate and predict hazard risk. This technique plays a key role in monitoring and predicting 

disasters like landslides through evaluating, manipulating and analyzing geo-spatial data. The 

review of few studies on landslide hazard assessment using RS data indicates that aerial 

photographs are widely used in landslide detection and mapping (Galli et al., 2008).  

Several landslide hazard zonations, methods such as Decision Tree model, Weighted Overlay, 

AHP, 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  

3. MATERIALS AND METHODOLOGY  

3.1 Materials and Softwares 

Materials are extremely important in researching solving certain problems, as they are a means 

for data collection in the field, recording of data, and others. Hence, the materials used for this 

study range from equipment used for obtaining and collecting data in the field to those used to 

carry out to insert in software used to carry out to insert in software that was used for processing 

the raw data obtained from the fieldwork. Classifications of materials used to carry out research 

(Figure 2). 

The materials used in this research include the following:- 

V Topographic maps with a scale of 1:50000 were obtained from the Ethiopian Geospatial 

Information Agency. 

V Base map prepared from the topographic map for the delineation of active landslides, 

types and lithology contacts, location of springs, to locate the typical land use, aerial 

photographs and satellite images,  

V  Geographic Positioning System (GPS) to locate active landslides, lithological units, to 

capture spring location during fieldwork. 

V Stationary materials to draw, write, and prepare a precise note before, during and after 

field investigation. 

The different Softwareôs were used in this work include: - ArcGIS 10.8, Global mapper, IDRISI 

selva17 and Microsoft excel 2013, ERDAS imagine. 

V  ArcGIS 10.8 was used for all the analysis and extraction of conditioning and triggering 

factors, inventory maps, and landslide hazard maps for both training and validation steps.  

V  Global Mapper was used to prepare the area's profile section, 3D view of the area from 

DEM data, and generate line data.  

V Google earth was used for visual interpretation tools for LULC classification and 

inventory map preparation. 

V By using pairwise comparison of 9-point continuous rating scale in IDRISI selva 17, 

after the standardization to a common scale (30*30m) of each causative factor, weight 
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is, given for each layer based on pairwise comparison of two data layers at the same 

time. 

V Microsoft Excel 2013 was used to calculate the area percentage for each causative factor 

and final for the landslide hazard map. 

V ERDAS 15 imagine was used to prepare a land use land cover map. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Classifications of materials used to carry out research. 

3.2 Methods  

The following steps have been carried out systematically as a general procedure to produce the 

landslide hazard zonation map. These are Data collection and organization, preparation of 

landslide inventory datasets, database construction of landslide causative factors, application of 

weighted overlay models to construct LHZM and validation of the output map. Generally, to 

accomplish the goal of this study effectively the following procedures were followed (Figure 3). 

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 is, used for the present study. The availability of data was, recognized 

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

Materials 

Field equipment Computer software 

¶ Topographic map 

¶ Handheld GPS  

¶ Compass 

¶ Geological map 

¶ Digital Camera 

¶ ArcGIS software 

¶ Global mapper 

¶ Microsoft office 

¶ ERDAS image 

¶ Google Earth 
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sources are organization office. Thus, the data used in the present study were primary and 

secondary data. Table1 presents the main data source with their source and scale. 

Table 1. List of data and sources 

S. No. Type Description Source 

1 Maps Geology map (1:50,000)   From field work 

 

2 

 

Raw data 

SRTM (30*30m 

resolution)  

USGS (United States 

Geological Survey ) Earth 

Explorer 

 

ETM+ images (year 2021, 

path, 169 row 54)  

USGS (United States 

Geological Survey ) Earth 

Explorer 

 

Soil data by Ethiopia shape 

file (vector format)  

Hawassa city administration of 

agriculture office; it is taken 

from ministry of Agriculture  

 

3.2.2 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 purposes of data were recognized. For the present study, data 

was; collected from the different government offices and downloaded from the internet. As part 

of data collection, different data formats, projections, and types were; collected. SRTM image 

(30*30 resolutions) from USGS to derive the digital elevation model of the study area. To 

extract slope, aspect, and drainage network, digital elevation models were; used as input source 

data. Soil data was; collected from the Ministry of Agriculture to extract soil type and soil 

texture. ETM+ images from USGS to map land use land cover of the area. 

3.2.2.1 Secondary data (pre-field or before field work)  

During the pre-field investigation, secondary data and required materials were gathered from 

different organizations. Climate data and field equipment include GPS from the National 

Metrological Agency of Ethiopia and Arbrgona woreda Agricultural sector office. The pre-field 

study involved preparing various types of maps, such as slope angle, aspect, elevation (DEM), 
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land-use and land-cover (Landsat image), and regional geology map. The already available 

satellite imageries were studied to understand the physiographical characteristics of the study 

area. 

3.2.2.2 Field work ( Primary Data)  

During the field study, observations and measurements were made and relevant data was 

collected. These include data of slope material, LULC, geological structure, landslide inventory 

data, and identified existing and potential landslide areas. The detailed lithological and structural 

maps were prepared. Finally, other maps prepared during the pre-field study were verified in the 

field and modified wherever necessary. 

3.2.2.3 Post-Field Investigation (After field work)  

During post field investigation stage, the following activities were performed:- 

ü The thematic map of the triggering factors map and the landslide inventory map was 

prepared and verified. 

ü The triggering factors map and landslide inventory map were analyzed to get the 

relationship between the factors and landslide in the study area using the weighted value. 

ü LHZ map was prepared by overlay (combine) triggering factor maps. 

ü LHZ map was verified and check validation using Landslide inventory data and AUC 

graph respectively. 

3.2.3 Data Analysis 

The data analysis method employed in the present study depends on the qualitative data 

collection and analysis. The analysis of qualitative data collected was accomplished through the 

integrated use of ERDAS imagine and ArcGIS software packages along with excel and 

Microsoft office tools. The input data in the form of Regional geological maps, soil maps and 

satellite images were, used to extract the variables that may have a consequence on landslide 

occurrence. The present study selected slope, aspect, drainage density, lineament density, 

geology, land use land cover, and soil type as the conditioning factors for landslide hazard 

mapping in the study area. It was, assumed that these causative factors were probably 

responsible for landslides 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 
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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 the current study were, selected based on the 

above-mentioned criteria, while literature outputs and general guidelines for GIS-based studies 

were also considered (Magliulo et al., 2008). Generation and production of thematic data layers 

are the most important and time-consuming tasks in the present study. A various number of 

thematic maps stated were; generated. 

3.2.4 Data Preparation 

The selection of conditioning factors and the preparation of corresponding thematic data layers 

is crucial for any landslide hazard analysis. In this study, before the preparation of factor datasets 

from raw data, all datasets were 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 represented by polygon feature. This 

discrete form of data was not suitable to be, used in landslide hazard mapping. For this reason, 

it was converted into continuous 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 2021 were 

layer stacked using seven bands, and sub-setting the image was performed by the shape file of 

the study area. Radiometric enhancement techniques like haze reduction and atmospheric noise 

reduction were, applied to enhance image appearance. The dataset containing 7, 5, and 3 Red, 

Green, Blue bands, respectively, were prepared for land use land cover classification of the study 

area. 

Preparation of Geology dataset: To prepare geology datasets of the study area, the geology 

map of Arbegona was, prepared at field work. The geology Map incorporates the geological 

units and the faults lines in the area (Figure 12). The geology map has a database concerning the 

geologic unit names. The map was prepared after field work; at the field, in addition to 

identifying lithological units and different structures, geographic coordinates and elevation were 

also recorded by using necessary materials with a topographic map. Finally, the geological map 

was prepared by using ArcGIS software. 
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Preparation of Soil dataset: Soil datasets were, acquired from the Sidama region agriculture 

office, which is taken from the ministry of agriculture of Ethiopia. The soil datasets were; 

obtained in vector data form by Ethiopia boundary shape file based on soil survey of 2008. The 

soil dataset of the study area was; clipped from the 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 the preparation of these 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) images of the study 

area and its surrounding from USGS (United States Geological Survey) were; imported into 

ArcGIS software. ArcGIS was, used to fill missing SRTM values. As part of the preparation of 

these datasets, the study area's digital elevation model (DEM) was extracted by the shape file of 

the study area. When extracted digital elevation model of the area prepared was; used to 

determine the elevation of the area and for extraction of the 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 models were, processed under the arc 

toolbox of the GIS environment. The generated slope datasets were prepared for further 

reclassification of slope angle. 

Preparation of Aspect dataset: Aspect datasets were prepared from a 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/ Drainage network datasets: stream network datasets, were extracted 

from Digital elevation model data of the area by performing various processes. The preparation 

of stream network datasets was, performed under the spatial analysis toolbox of the hydrology 

tool. The stream network prepared datasets were used to generate the drainage density of the 

area.  

Preparation of Drainage density datasets: Drainage density datasets were prepared from the 

stream network of the area; the stream network dataset is in figure 24. Frist, stream datasets 

were, converted to vector data format by using a conversation tool (raster to polyline). The 

polyline vector format of the stream network was, used to generate drainage density dataset by 

line density tool. 
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Landslide inventory: In landslide Hazard Zonation mapping, landslide inventory mapping is 

one of the key elements, which can be prepared using various techniques like the aerial 

photograph or Google Earth Imagery interpretation, field investigation, and evaluation of 

archived data coupled with GIS tools (Van Westen et al., 2008). Landslide inventory map used 

as the base for future landslide prediction by evaluating the relationship between the current 

landslide event and landslide driving factors (Mohammad et al., 2012; Yalcin et al., 2011; 

Corominas et al., 2014). Van Westen et al., (2008) prepared a landslide inventory map using 

GIS from field investigation, historical landslide events, and satellite image analysis. Landslide 

inventory maps can also be prepared using field surveys and Google Earth Imagery (Meten et 

al., 2015; Roy and Saha, 2019; Zine et al., 2019; Wubalem and Meten, 2020). For the present 

research work, I was going to prepare a case study around Arbegona, the map of landslides and 

risk areas, by using as the basic data sources. The landslide inventory map result was discussed 

in figure 28. 

Preparation of Lineament density datasets: lineament density datasets were prepared from 

lineament datasets of line features. 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 the flowchart of landslide 

hazard mapping (Figure 3) 
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Figure 3: Flowchart of the methodology used for landslide hazard mapping 
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3.2.5 Analytical Hierarchy Process (AHP) method 

AHP is a well-known multi-attribute weighting method for decision-making. The analytic 

hierarchy process is a theory of measurement for dealing with quantifiable and intangible criteria 

and has been applied to numerous areas, including decision theory and conflict resolution 

(Vargas, 1990). AHP is a multi-objective, multi-criteria decision-making approach that enables 

the user to arrive at a scale of preference drawn from a set of alternatives. AHP has gained wide 

application in site selection, suitability analysis, regional planning, and landslide hazard analysis 

(Ayalew et al., 2005). To apply this approach, it is necessary to break a complex unstructured 

problem down into its component factors, arrange these factors into an ordered hierarchy, assign 

numerical values to subjective judgments on the relative importance of each factor, and 

synthesize these judgments to determine the priorities to be assigned to these factors (Saaty, 

1980). Pairwise comparisons are used in this decision-making process to form a reciprocal 

matrix by transforming qualitative data to crisp ratios. The reciprocal matrix is then solved by a 

weight finding method for determining the criteria' importance and alternative performance 

(Vahidnia et al., 2009). Once the pairwise comparison matrix is obtained:-, based on the problem 

elements, the aim is to summarize preferences so that each element can be assigned relative 

importance (Boroushaki et al., 2008). The Eigenvalue method is one way to access the ultimate 

weights of criteria. In the AHP, the measure of weighting to each informational unit is based on 

which role this unit plays in this layer and the most weight is for which layer maximum effect 

has in the determination of goal. In this method, the weight of each layer depends on the 

judgment of the expert, so that the more precise is the judgment, the more compatible is the 

produced map with reality (Moradi et al., 2012).  

To weighting determinant parameter in a landslide, a questionnaire containing the table of paired 

comparisons in criteria and sub-criteria were presented to experts. In these comparisons, the 

decision-makers use oral judgment. Such judgments have become slightly between zeros to nine 

by Saaty (2000). In constructing a pair-wise comparison matrix, each factor is rated against 

every other factor by assigning a relative dominant value between 1 and 9 to the intersecting 

cell (Table 10). When the factor on the vertical axis is more important than the horizontal axis, 

this value varies between 1 and 9. Conversely, the value varies between the reciprocals 1/2 and 

1/9 (Table 10). Generally, the Steps of Analytical Hierarchy Process (AHP) method are, listed 

in figure 4. 



24 
 

 

 

 

 

 

 

 

 

Figure 4: Steps of Analytical Hierarchy Process (AHP) method. 
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CHAPTER FOUR 

4. DESCRIPTION OF STUDY AREA  

4.1 Geographic location 

Arbegona woreda is founded in the Sidama Region, Southern parts of the Ethiopian highlands. 

It is around 349 km from Addis Abeba, the capital city of Ethiopia, and 74 km from Hawassa, 

the capital city of Sidama Regional State and SNNPR in Southern Ethiopia. It geographically 

lies between 459158.09m to 482293.42m Latitude and 724623.11m to 752425.48m Longitude 

(Figure 5). It is demarcated by Gorche Woreda in North West, on the North by Oromia Region 

and the East Bensa Woreda. The Woreda has two agro-ecological zones: Dega (86%) and 

Woyna Dega (14%). Annual rainfall is between 1250-1300 mm per year. The altitude ranges 

between 2000-3336 m above sea level. The economic activity of the Woreda is mainly 

agriculture with rearing farm animals and cultivation of land. The dominant crops in the Woreda 

are maize, wheat, enset, barley, pea and bean. 

 

Figure 5: Location Map of the Study Area. 
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4.2 Physiography 

The study area belongs to the southeastern Ethiopian highlands. The elevation ranges between 

3187.6m and 2224m above mean sea level. The presence of steep scarps, cliffs, sharp ridges, 

rugged slope faces, deep gorges and valleys generally indicate that the area is prone to active 

surface processes and landslide activities. The area can be classified into two main 

physiographic regions. These are the plateau and rugged terrain. The plateau areas are 

characterized by volcanic landscapes and different soil deposits that represent the high flatlands 

of the Yaye Town and Bocessa Village areas. In this area, the slopes are horizontal on top to 

steeper at the plateau scarp. Even if this area is classified as a plateau their landscape is 

completely dissected plateau. The rugged terrains are rivers and streams dissected volcanic 

terrains, which represent the deep narrow valleys and gorges of the area. Slopes in these areas 

are steep to vertical and susceptible to erosional and landslide activities. For example, around 

Logita river at Mikicho and Bursa Kebele and around Garamba Mountain represent rugged 

terrain (Figure 6).  

 

Figure 6: Three-dimensional physiographical map of the study area 
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4.3 Climate 

The study area is characterized by extreme variation in topography. The mean annual minimum 

and maximum temperature of the district ranges between 7 c/0C and 21c/0C, respectively with 

an average of 14 c/0C. The mean annual temperature of the area varies from 18 c/0C  in the lower 

elevation areas to 14 c/0C in the highland area, where the temperature is reduced due to the effect 

of altitude and humidity. 

The average yearly maximum temperature of the woreda was 19.3 c/0C (Figure 8), while the 

average minimum temperature of 7.86 c/0C (Figure 9).  The rainfall pattern of the study area is 

characterized by bimodal distribution. Spring (short Rainy seasons from February to May) and 

summer (long rainy season occurs from June to September). The study area receives a mean 

annual rainfall varying from 800-1650 mm, and the amount of rainfall increases with increasing 

altitude.  

The annual rainfall of the study area ranged from 997.853 ï 2207.397 mm, indicating that there 

is inter-annual rainfall variability over the years. The results also revealed a declining rainfall 

amount over the last three decades. For instance, in 1983, the amount of rainfall received was 

1486.254 mm and it was declined to 1105.599 mm in 2017. The rainfall shortage was observed 

in 2002, 2015, 2016 and 2017, which was 997.853, 1293.749, 1323.244 and 1105.599 mm per 

year, respectively when we compare the rest of the rainfall in the years (Figure 7). 

 

Figure 7: Annual rainfall trend and variability at Arbegona district (1983 ï 2017) 
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Figure 8: Trends of maximum temperatures of the study area (1983 ï 2017) 

 

Figure 9: Trends of minimum temperatures of the study area (1983 ï 2017) 
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the Cenozoic volcanic. All the units are shown on the 1:250,000 scale map on the Dilla topo 

sheet map and described in the report (Figure 10).  

4.4.1 Tertiary volcanic rocks 

4.4.1.1 Transitional to mildly alkaline and sub alkaline basalts and rhyolites 

This unit is exposed in the western and southeastern parts of the study area. It forms cliffs and 

shows fractures and jointing. It is composed of olivine, pyroxene and plagioclase; the rhyolites 

overlie the basalt. The rhyolite is composed of quartz and k-feldspar which is slightly weathered; 

cliff cutting exposure shows pink to light pink fresh color. Minor ignimbrites and trachyte which 

are not map-able also occur in this unit (Aman et al., 2015). 

4.4.1.2 Aphyric and porphyritic basalt with lesser vesicular basalt, minor alkali trachyte 

flows and tuffs. 

This unit is found in the southern part of the study area. It consists of Aphyric basalt which is 

black and slightly weathered exposed on the top of the small hills. It occurs in Bansa (Daye) 

areas to Kibremengist, towards the eastern part (Aman et al., 2015). The porphyritic basalt is 

olivine-pyroxene phyric which has a fresh dark gray color and shows slight to medium 

weathering. When weathered it shows light gray to light brown color. The lesser vesicular basalt 

is a brown-colored medium to highly weathered and it forms cliffs. It contains olivine pyroxene 

phyric basalt, pyroxene phyric basalt, olivine pyroxene plagioclase phyric basalt and aphyric 

basalt. There are scarcely exposed trachyte in some parts of the mapped area, but they are not 

map-able for the scale. Porphyritic basalt is intercalated with the aphyric basalt especially along 

the road from Bule to Hacha small towns (Aman et al., 2015). 

4.4.1.3 Alkali trachyte flows, alkali trachytic tuffs and basalt 

This unit is exposed on the east part of the map sheet, extend from Daye to Kibremengist. The 

basalt is highly weathered brown colored, and it is ridge forming. The tuffs are mostly composed 

of trachyte fragments and are not compacted as well as the ignimbrites. It shows light pink to 

dull white color intercalated with the basalt (Aman et al., 2015). 

4.4.1.4 Alkaline basalts, trachytes, and peralkaline rhyolitic ignimbrites  

This unit is exposed on the northeastern corner of the map area. It makes a small ridge with an 

elevation up to 3000m high. The basalt shows the dark gray fresh color and light gray weathered 
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color. Even if the dominant exposure on the area is the basalt, some trachytes and rhyolitic 

ignimbrites are exposed over the area (Aman et al., 2015). 

4.4.1.5 Nazreth Group and Dino Formation  

 It is exposed on the northwest part following the Galena and Wabe Rivers. It flows to Hagere 

Selam and on the northeast parts of the area along Bale River to dame and Kulu Rivers by 

surrounding mountain Damote. It has a sharp contact with Alkali trachyte flows with some plugs 

minor alkali trachyte tuffs and basalt on the east part, Middle basalt porphyritic basalt on the 

South. It contains different types of litho units such as Ignimbrites, rhyolites, Basalts, and tuffs. 

These different types of units are the upper Miocene exposure controlled by some primary 

structures that have a North East trend. This lithic fresh Ignimbrite shows light gray to gray 

color the weathered color is light brown. Most of it contains rhyolitic and trachytic rock 

fragments with fine and compacted ground mass. It makes columnar joints. The fresh rhyolite 

shows pink color, medium to coarse grains and slight to high weathering. Some of the basalts 

are slightly weathered porphyritic textured consisting of olivine, pyroxene, and plagioclase; the 

Aphyric one shows dark gray color, slightly weathering, and most of them the time, it makes 

small hills. 

4.4.2 Quaternary Volcanic Rocks 

4.4.2.1 Ignimbrites, tuffs, waterlain, pyroclastics  

These rock units are found in the center and the northwest part of the map sheet. Such rocks are 

exposed around Aleta wendo, Koye, Chuko and Seke, and some other small towns. The unit 

contains light gray, coarse-grained lithic ignimbrites, unwelded tuffs with a light gray color 

exposed by making flat land, and pyroclasts. Petrographically, the ignimbrite comprises 7% 

alkali feldspar and 3% quartz phenocrysts with 79% ash matrix, 8% crystal fragments, 2% 

volcanic glass and 1% opaque minerals (Aman et al., 2015). The quartz phenocrysts and alkali 

feldspar are fine-grained to finer ash matrix. Minor biotite minerals also occur as accessories 

(Aman et al., 2015). 

4.4.2.2 Per alkaline silicic 

This unit has a fresh light yellow color. Per alkaline silicic include rhyolite and trachyte rock. 

Which are often coarse-grained and both are slightly weathered. Petro graphically, the trachyte 

is composed of 11% sanadine, 14% opaque, 75% alkali feldspar mineral constituents. The alkali 
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feldspar is displayed as a ground mass in the study. The sanadine phenocrysts are euhedral to 

subhedral, and quartz crystals are accessories (Aman et al., 2015). 

4.4.2.3 Pumice and unwelded tuff 

This unit is exposed on the north western parts of the mapped area along with the northern 

Abaya. Both the pumice and the tuff have shown broken white color. The pumice is fine-grained, 

rounded and it has a light density. The tuff is friable unwelded and contains minor rock 

fragments and few minerals. 

4.4.3 Stratified high-grade metamorphic rocks 

4.4.3.1 Biotite-quartz-oligoclase gneiss, amphibolites, and minor oligoclase-quartz 

microcline gneiss 

This unit is exposed in the southeast part of the area. It is distributed along Girja, Harsu, 

Buwanbwa wuha and Meleka towns. The north-south trending shear zone crosses this lithology. 

It is composed of well-banded amphiboles, quartz, and feldspar and has a sharp contact with 

mica schist and lesser chlorite schist. The dominant rock type is biotite-quartz-oligoclase gneiss, 

which is leucocratic and mostly fine-grained, with a subordinate coarse-grained variety. Some 

migmatization is indicated by moderately developed thin lenticular banding. This rock type 

displays a granoblastic texture. The major constituents are oligoclase, quartz and biotite. 

Muscovite and microcline may occur with minor apatite, opaque minerals and epidote. The 

second rock type in this unit is fine to medium-grained amphibolite, which occurs mainly as 

bands. It is a melanocratic and often schistose rock, exhibiting well-developed mineral lineation 

defined by hornblende crystals. This unit is exposed in the southeastern part of the area. It is 

homogeneous, with rare, thin intercalation of quartzite, amphibolite, and muscovite or biotite 

bearing schists and minor gneisses. Oligoclase-quartz-microcline gneiss is leucocratic, fine to 

medium-grained rock that is mostly friable. Foliation is more pronounced in the fine-grained 

type. The coarse-grained variety generally appears massive. 

4.4.4  Stratified low-grade metamorphic rocks 

4.4.4.1 Abale schist and lesser chlorite schist 

It is exposed on the southeast of the study area making small hills. It is composed of muscovites 

and chlorites. The chlorite schist shows green color due to the chlorination, and in the mica-

schist, they show light brown color. It is highly weathered and highly friable, and a 
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representative sample is difficult to obtain. This unit is exposed to the eastern part of the area, 

extending from Chebe town to Mejo town. It is wide in area coverage, and it occurs intercalated 

with the biotite-quartz-feldspar gneiss. It shows gray color and schistosity, and also the grains 

are coarse to medium. It is composed of amphiboles, muscovites, quartz, and some feldspar. In 

this exposure, there are some talks, in some parts of it, chlorites are shown. 

 

Figure 10: Regional geological map of the study area. (Digitized from Dilla topo sheet map 

1:250,000) 
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CHAPTER FIVE  

5. RESULTS AND DISCUSSIONS 

5.1 The relation between preparatory factors and landside distribution 

By applying the AHP method, the weight value of each factor has been determined, and the 

results illustrate their relative importance in causing regional landslides. Table11 lists each 

parameter used or calculated landslide proportion in each causative factor, which can be further 

applied by using the AHP method to determine the value of each weight. The obtained weight 

value reveals the spatial relationship between landslide distribution and each landslide factor 

class. 

The Preparatory factors (mechanisms) are cumulative events, which are responsible for the 

landslide initiation. Preparatory factors include slope, slope aspect, geological, drainage density, 

lineament drainage density, soil, and land use land cover. Assessment of the event controlling 

parameters should be the basis of a systematic inventory assist in creating a database. This 

database established the correlation between landslide initiation and the characterization of 

event controlling parameters in the study area. The following event controlling parameters and 

landslides distribution are examined below: 

5.1.1 Slope  

The slope is the first derivative of elevation with each pixel denoting the angled slope at a 

particular location. The slope is an important factor, which influences the landslide process. If 

the slope is steeper, the increment in shear stress is high and the tangential component of the 

weight of the mass increases while the perpendicular weight will decrease. Therefore, when the 

shear stress is higher than the resisting force, the slope mass gets the tendency to slide down the 

slope. Slope angle is an essential component of the landslide influencing factor set, which 

indicates how steep the ground surface. Gentle slopes are expected to have a low frequency of 

landslides because they possess lower shear stresses associated with low gradients. Because of 

its relationship with landslides, slope angle is a crucial factor in landslide Hazard assessment; it 

is frequently used in creating landslide hazard maps (Clerici et al., 2002 and Lee et al., 2004). 

For the present study area, the slope was, divided into five categories classes: (0-10), (10-20), 

(20-30), (30-40) and greater than 40 (Figure 11).  
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Table 2: Slope class and area coverage 

 

As indicated in the table, most of the area was, dominated by gentle topography. Among the 

part of the study area, the eastern, northeastern, and central parts were characterized by gentle 

slope topography. In addition, the area was, characterized by northwest and southeastern facing 

steeper ranges, which are, divided by numerous river valleys. However, when the slope is 

steeper the thickness of the colluvial material decrease. Conversely, the very small topography 

of the area was, dominated by a steep slope. The village has moderate and high slope occurs in 

agricultural land. 

As shown from the table 2, topography of the area were dominated by a slope with 10-20%, 

which covers 39.47 km2 of the total area. This is mainly found in northern, central, and southern 

parts of the study area. The second dominant topography of the area is a slope with 20-30% 

found in the western and southeastern parts, covering 34.82 km2 of the total area. This slope 

class includes a large portion of the cultivated lands. The third dominant topography of the area 

is a slope with a slope of 0-10%, covering 29.94 km2 of the total area. In this slope class, 

agricultural and grassland were found as relatively gentler slopes favor agriculture practice. 

However, only 5.80km2 of the area is a slope with >40, mostly found in the southeastern and 

northwestern part of the area. Much of the forest and agricultural land were found in this slope 

class. 

S.No. Slope class (%) Area(km2) Area (%)  

1 0-10 29.94 23.02 

2 10-20 39.47 30.35 

3 20-30 34.82 26.77 

4 30-40 20.04 15.41 

5 >40 5.80 4.45 

Total  130.07 100 
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Figure 11: Slope map of the study area. 

5.1.2 Local 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). Due to this, the stability of the slope is greatly influenced by the type 

and nature of underlying bedrocks. The various mechanical properties influencing the stability 

of the slope are entirely dependent on the rock formation and the type of soil that constitutes the 

slope. In the present study area located in the Eastern Highlands and thus on the eastern shoulder 

of the Great Rift Valley, the geology of the area is characterized by tertiary intrusive and 

extrusive rock and thus a trap series of lava deposits, which was (further) uplifted during the 

formation of the Rift Valley in the Tertiary. The chemical composition of these rocks 
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corresponds to alkaline rhyolites and trachyte (Rapprich et al., 2014). The entire sequence 

belongs to the syn-rift stage, cropping out in the footwall of the Yubo basalt along the NNEï

SSW trending fault scarp, being exposed mainly in a quarry SW of the Yirga Alem town. The 

thickness of the Miocene ignimbrite sequence reaches several hundreds of meters 

(WoldeGabriel et al., 1990). For the present study area Geology, almost all are Syn-rift 

(deposited during active rifting) volcanic deposits, Nazareth Formation (Miocene age) 

(WoldeGabriel et al., 1990). Geology is considered as a basic contributing factor in the present 

study area. Accordingly, seven different geologic units were, observed in the study area.  The 

list of units and their respective total area was, summarized in Table3. 

Table 3: Lithology class and area coverage 

 

According to the table 3, most of the study area is covered by Colluvial deposit, which covers 

21.70% of the total area. This type of geology was, found from the western to the northwestern 

part of the study area. However, this type of soil has a high tendency to produce migratory flows 

of rock or soil; because it is unstable to resist the sliding of the earth. The second most dominant 

geologic type in the area is Residual soil, which covers 20.18% of the total area. It was, found 

extensively in the south and central parts of the study area. It is located in a grassland area. The 

third dominant geologic type in the study area is Basalt, which covers 15.16% of the total area. 

This rock is found in the southwestern and southeastern parts (Figure 12).  

 

S.No. Types of Lithology Area coverage (km2) Area (%) 

1 Residual soil 26.25 20.18 

2 Basalt 19.71 15.16 

3 Colluvial deposit 28.22 21.70 

4 Alluvial deposit 15.06 11.58 

5 Tuff 10.93 8.40 

6 Ignimbrite 18.20 13.99 

7 Rhyolite 11.70 8.99 

Total 130.07 100 
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Figure 12: (A) Geology map of the study area. (B) Cross section (Source: Field work) 

5.1.2.1 Residual soils 

Residual soils result from weathering and decomposition of materials that have not been 

transported from their original place. Residual soils are mostly underlain by weathered volcanic 

ash, followed by volcanic pyroclastic materials such as rhyolite and basalt. The effect of 

weathering decreases soil resistance. These soils are susceptible to slope instability problems. 

Residual soils are commonly found in a flat area, which covers a second dominant portion of 

the study area next to the Colluvial deposit, dominantly observed in the Yaye town and 

southeastern side of Yaye town (Figure 13). 

 

Figure 13: Residual soils 
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