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A major cause of landslide and relevant losses and fatalities is inappropriate land
management, especially in mountainous areas and valleys. In this study, risk-vulnerability
superimposed model was used to investigate the probability of occurrence of fatal
landslides in Tarom Watershed. The risk-vulnerability superimposed model has been
formulated to evaluate the landslide risk and wvulnerability. These factors include
topography, geology, number of streams, rainfall, frequency of faults, land use, density of
roads, population density, and construction density, which were considered and analyzed
in the present model. According to the model output (i.e., risk-vulnerability map), it was
figured out that the eastern and northeastern parts of Tarom Watershed are exposed to
highest levels of risk and vulnerability. That is, occurrence of a fatal landslide with
financial losses is more probable in these areas, as compared to other parts of the
watershed. Results of the present research showed that 17%, 35%, 23%, 16%, and 9% of
the entire watershed area were classified as being exposed to very low, low, moderate,
high, and very high risk-vulnerability levels, respectively. Advantage and superiority of
this model over other models and methodologies for landslide study is simultaneous
consideration of landslide occurrence risk and vulnerability of the study area to the
landslide, making it capable of determining the areas of higher probability of fatal
landslides with financial losses.
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Introduction

Landslide refers to gravitational movement of a mass of rock material, rock fragments, and/or soil, which may
result in catastrophic disasters. In many cases, landslide occurs on a slope. Numerous factors contribute to the
occurrence and activation of landslide. These can be categorized under three general classes, namely external
factors, internal factors, and mixed factors. External factors increase average shear stress along potential failure
planes or weak surfaces in the rock and soil. According to the Emergency Events Database (EM-DAT) of the
Université catholique de Louvain (Belgium), the landslide has been listed as an emergency disaster, necessitating
its identification and preparedness for responding to it properly. Since prediction of a landslide event is still
impossible, identification of the areas where the risk of landslide is higher and ranking of these areas can protect
us against landslide hazards or at least reduce the relevant losses (Ranjbar and Roghani, 2009).

Methodology
Model introduction

The risk-vulnerability superimposed model has been used to evaluate the landslide risk and vulnerability.
Designed by the authors of the present research, this model was first used in this research to analyze landslides in
Tarom Watershed, Iran.

Different stages of landslide risk and vulnerability assessment by the proposed model are as follows:

- Preparing the required maps and information layers
- Determining weighting factors for different classes of each factor and index (internal weight)

- Calculating mutual weight (external weight) for factors and indices in MS Excel using embedded formulae
like pairwise comparison

- Calculating final weight of the factors by multiplying the wrights by the weight of the corresponding class
(internal weight x external weight)

- Introducing the final weights of each layer on the maps to come up with a new map with quantitative values
of all factors and indices

- Superimposing the layers of all factors contributing to landslide occurrence to prepare a landslide risk map

- Superimposing the layers of all indices contributing to landslide vulnerability to prepare a landslide
vulnerability map

- Preparing a layer out of landslide-affected zones (regional landslide map)

- Compositing and superimposing the risk map, the vulnerability map, and the regional landslide map to
produce the final map (i.e., risk — vulnerability map)

- Given the qualitative nature of the risk-vulnerability superimposed map, inputs to the model include the maps
that have been extracted, compiled, and analyzed out of Tarom Watershed to finally demonstrate sensitivity of
different points across the watershed to landslide. Results of different stages of the risk-vulnerability
superimposed model are as follows.

The following factors were considered as effective for landslide occurrence in this research:
- Topography (slope and height)

- Geology

- Precipitation

- Density of streams

- Landuse

- Density of faults
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Indices affecting the vulnerability:
- Population density
- Construction density

- Road density

Discussion

Analysis of the factors affecting the occurrence of landslide in the watershed and preparing the landslide risk
map showed that, in general, the eastern part of Tarom Watershed exhibits a higher risk of landslide.
Investigation of the factors contributing to the occurrence of landslide (e.g., high slope, height, heavy
precipitation, dense fault system, and petrological characteristics) showed that the landslide risk is maximum in
the northeast of the study area. Focusing on the vulnerability, the northern and eastern parts of the watershed
were found to be more vulnerable due to the higher density of constructions, roads, and population, where more
fatalities and higher financial losses were expected should a landslide occurs.

Conclusion

According to the model output (i.e., risk-vulnerability map), it was figured out that the eastern and northeastern
parts of Tarom Watershed are exposed to higher levels of risk and vulnerability. That is, occurrence of a fatal
landslide with financial losses is more probable in these areas, as compared to other parts of the watershed.
Higher sensitivity of these areas to landslide was found to be linked to the higher slope, petrological
characteristics, inappropriate land use, and hydrographic network. Results of the present research showed that
17%, 35%, 23%, 16%, and 9% of the entire watershed area was exposed to very low, low, moderate, high, and
very high levels of landslide risk and vulnerability, respectively.
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