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1. Introduction

Landslides in the Abay (Blue Nile) Gorge of Ethiopia are serious threat to the community and road infrastructure that
connects Addis Ababa and Bahir Dar. In 1960, a terrible landslide at Gembechi village in upper Bechet valley killed 45
people (Ayalew, 1999). On September 2, 1993 a landslide incidence in the Blue Nile Gorge killed an ox and destroyed and
crops resulting food scarcity for 700 households (Tadesse et al., 1994). The average annual rainfall of the area is 1400 mm
while the minimum and maximum annual rainfalls are 1200 and 1800 mm respectively. Frequent road damage occurs at the
middle or end of every rainy season (June 1 to September 30). The current study tried to prepare different landslide
susceptibility maps from eight landslide causal factors (i.e. lithology, land use, distance from lineament, distance from river,
slope, aspect, plan and profile curvatures) and landslide inventory with different combinations using the frequency ratio
model in GIS and compare the prediction accuracies in order to select the best landslide susceptibility map. From this
perspective, the following questions will be addressed in this paper. (1) How many combinations are possible in the
frequency ratio model from a given number of landslide factors? (2) Which combination of landslide factors will give the
best prediction accuracy?

2. Study Area

The study area is located in the Abay (Blue Nile) Gorge of Central Ethiopia and it is bounded by 38° 2' E to 38°15" E
longitudes and 10° 0’ N to 10° 15' N latitudes covering a total area of 391 km? (Fig. 1). From the top of plateau to the valley
floor, the Abay Gorge has a depth of 1.5 km in the study area.
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Figure 1 Location map of the study area.
curve (AUC) values of the receiver operating characteristics (ROC) curves in SPSS statistical software. For validation
purpose, we overlaid the landslides used in the analysis and checked how much percentage of these landslides fall in each
landslide susceptibility class.

4. Results and Discussion

In the frequency ratio model, we can have a total of 247 landslide susceptibility maps from eight landslide factors using the
mathematical combination theory. We can combine 8, 7, 6, 5, 4, 3 and 2 frequency ratio factor maps into 1, 8, 28, 56,70, 56
and 28 number of ways respectively. However, for simplicity, a total of 28 combinations were selected in this analysis. One
landslide susceptibility map was selected from each combination group based on the highest prediction accuracy and higher
difference values between minimum and maximum landslide susceptibility index. Hence, a total of seven best landslide
susceptibility maps were selected from each combination group to show how AUC values vary for different combinations.

— 181 —



The prediction accuracy using seven factors excluding distance from river (FR_wo_dr) and four factors including slope,
lithology, land use and distance from lineament (FR_slliludl) was found to be 87.7% while using all factors (FR_all_data)
and six factors excluding profile and plan curvatures (FR_wo_prpl) resulted 87.6%. A combination of five factors
excluding distance from lineament, profile and plan curvatures (FR_wo_dlprp), three factors including slope, lithology and
land use only (FR_sllilu) and two factors with lithology and slope only (FR_lisl) have resulted a prediction accuracy of 87%,
86.9% and 85% respectively (Figure 2b). Among these seven maps, FR_wo_dr was selected for the final landslide
susceptibility map and when a landslide inventory map was overlaid, 0.39%, 1.84%, 9.1%, 32.04% and 56.63% fall in very
low, low, medium, high and very high landslide susceptibility classes respectively.

L 382307 38° 15"
;_ Yetnora «Yekoza L _3
) =
= 2
1.0
0.8
> 0.6
=
Zg —— FR_wo_dr, FR_slliludl
S (AUC = 0.877)
Y 54 ——FR_all_data, FR_wo_prpl
S (AUC = 0. 876)
Town —FR_wo_dlprp (AUC = 0.87)
—— Road
Landslide Susceptibility FR_sllilu (AUC = 0.869)
I 1550000 - 3.855884 (Very Low) 0.2
[T 3.855884 - 4.757033 (Low) ——FR_lisl (AUC = 0.85)
[ 4.757033 - 6.882918 (Medium)
[] 6.882918 - 12.41103 (High) 0.0
= | 12.41103 - 36.5900 (Very High) > ’ )
iy L g 0.0 0.2 0.4 0.6 0.8 1.0
38°2' 30" 38°15' 1 - Specificity

Figure 2 (a) Landslide susceptibility map using seven factors excluding distance from river (FR_wo_dr)
(b) AUC Values of ROC curves for the seven best combinations from each combination group.

5. Conclusion

From this study we have found that the mathematical combination theory is an important technique to identify the possible
number of combinations in the frequency ratio model. This paper showed that using all or nearly all landslide factors in the
frequency ratio model combination may not always result in higher prediction accuracies even though the range of values in
the susceptibility index map is higher. However, limited number of landslide factors with a major degree of influence in
land sliding, when combined can bring about the same level of prediction like using too many factors. Once the most
important landslide factors are determined in a smaller area, then these can be used to scale up the investigation at the
regional level using these factors. When landslide inventory map is overlaid over the landslide susceptibility map, most of
landslides fell in the high and very high susceptibility classes accounting about 86.6% of landslides. The fact that the
prediction accuracy of the best landslide susceptibility map is being 87.7% shows that the landslide susceptibility map is
quite acceptable.
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