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Table 1: Data layers used for analysis
Classification Sub class GIS data type Scale
Geological Hazard Landslide Polygon Coverage 1:50,000

Basic Maps
Lithological map Polygon Coverage 1:50,000
Soill deposit map Polygon Coverage 1:50,000
Slope map Grid 30X30m
Aspect map Grid 30X30m
Elevation map Grid 30X30m
Curvature map Grid 30X30m
Land use/cover map Grid 30X30m

Image data Satellite image of +ETM Grid 30X30m

All 7 causative factors were considered during 
calculation of the probability. The factors were 
extracted from the prepared spatial database. Using the 
DEM, the slope, aspect, elevation and curvature were 
calculated. The lithology map, obtained from the 
geological map of Ethiopia at the scale of 1:2,000,000 
with some modification as per the field survey data, 
was prepared. A satellite image was utilized to digitize 
the modification in the lithologic map. The soil deposit 
map and land use/land cover were prepared by 
utilizing Satellite image in ERDAS and ArcMap 
software.

7.1 Hazard analysis using probability method
It is common to assume that landslide occurrence is 
determined by landslide-related factors, and that future 
landslides will occur under the same conditions as the 
past landslides. Using this assumption, 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. It can be 
expressed as a frequency ratio that represents the 
quantitative relationship between landslide occurrences 
and different causative parameters (Lee and Min, 
2001). 

The frequency ratio is defined as follow;

��� = ��� �������           ………. eq. 1

where;

��� is the frequency ratio of class ‘i’ of parameter ‘j’.
��� is the frequency of observed landslides in class ‘i’ 
of parameter ‘j’.
��� is the frequency of non-observed landslides in 

class ‘i’ of parameter ‘j’.

Greater the ratio above unity, the stronger the 
relationship between landslide occurrence and the 
given factor’s attribute, and the lower the ratio below 
unity, the lesser the relationship between landslide 
occurrence and the given factor’s attribute. Hence, 
probabilistic approaches are based on the observed 
relationship between each factor and the distribution of 

observed landslides. The probability method uses the 
frequency ratio to rate the relationship between 
landslides and each factor’s type (Lee and Min, 2001). 

Topographic, lithological, soil deposit, land use/ land 
cover data for the present study area were prepared/ 
extracted/ digitized and processed to be used in GIS 
environment. Later, rating layers for the different 
causative factors were prepared based on the obtained 
frequency ratios. These spatial data were evaluated 
using probability method to reveal the correlation 
between landslide location and the factors in the study 
area. The calculated frequency ratios for various 
causative factors and corresponding classes are given 
in Table 2. Rating layers for the different causative 
factors were prepared based on the obtained frequency 
ratios. As discussed above the probabilistic and 
statistical approaches are based on the observed 
relationships between each factor and the distribution 
of landslides.

7.1.1 Hazard index for various causative factors
7.1.1.1 Lithology and soil: The probability of 
occurrence of landslide within limestone, gypsum and 
shale is higher as the hazard index value is 3.49 (Table 
2). For limestone with shale intercalation the hazard 
index value is 0.51, thus the probability of occurrence 
of landslide is low. Similarly, probability of occurrence 
of landslide in basalt and top soil deposit is almost nil. 

In case of colluvial material the hazard index value is 
8.11 (Table 2) which shows a strong correlation with 
landslides. In the study area the colluvial material is 
mainly composed of unconsolidated fragments of 
limestone and highly weathered shales. The highly 
disintegrated and unconsolidated loose material is 
readily affected by the surface and subsurface water 
which probably induce instability in colluvial slopes. 
For this reason only a high hazard index value has 
been observed in the colluvial material. Similarly, in 
case of alluvial deposits hazard index value of 2.16 has 
been computed, again which shows a high probability 
of landslide occurrence in this unit. However, a very 
low hazard index value for hard rock shows a least 
probability of landslide occurrence in the area.
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