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ABSTRACT: The main goal of studing landslide would be finding ways of reduceing the damage couse 
abou  which necessitates using zonation. This study was done to identify effective  factors in landslide 
and also to identify the regions which have the potential hazard in saeen and it was Landslide Index 
Method (LIM). In this study using different sources at studies topographic maps, satellite images and 
knowledge of GIS the following factors were considered to have the main in fluence: geoloyy, slope 
degree, distance of fault, plasticity of soil, landuse, precipitation, distans from road, stream, slope aspect, 
hight and degree of annual extraction temperature and then distribution ma of landslide using field 
reaserch and satellite images was made. In LIM eleven effective factors in landslide were evaluated and 
after obtaining the weight each factors map and the column of final weight of each unit and ultimately  
algebric sum of eleven factor layers the final weight of the map and zonation of risk and 
landslide..were..done. It was concluded that geologicale  factor in model is the first priority and but other 
factors example slope plasticity, soil height and other factors  in model have fined weights and different 
priorities and the LIM model has more correspondence compert to the condition of distribution  in 
landslide.                                                                                 
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INTRODUCTION 
 

 Scientific and comprehensive study of landslide phenomenon in the world is one of the most important issues 
due to financial and human damage inflicted on human communities and the environment. The study objectives 
include achieving optimal safety and economical results in construction projects, such as route selection, highways 
construction and main and sub-main highland roads, forest and natural pastures development projects in the study 
group and attention to the stability of area natural slopes (Nasrabadi et al., 2003). 
 Landslides have an effective role in the destruction of communication roads, degradation of pastures and 
residential areas and causing erosion and sedimentation in watersheds. Numerous domestic and foreign studies 
have been already conducted regarding zoning of landslides danger, which include the use of the bivariate and 
multi-variate statistical methods, (Sarroli, 2001; Mianji, 1999), or a combination of above statistical methods with 
Mora and Varson methods, Nielsen method, modified Nielsen method (Ejlali, 2003), the weight of variables, the 
informational value of area density and Nielsen method (Fattahi and Ardakani, 2001), multi-variate regression and 
informational value, discriminant analysis and weighted least squares (Shirani et al., 2003). 
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 Based on initial estimates, 500 million dollars of financial damage is annually imposed on Iran due to 
landslides, while irreversible loss of natural resources has not been taken into account (Nasiri, 2005, P. 1). About 
35 percent of the landslides in databases have been stimulated and exacerbated due to human manipulation and 
indiscriminate activities such as wrong road construction, destruction of vegetation and their conversion into low-
yielding dry-lands and loading through creation of habitats (Nasiri, 2005). 
 (Zare ,2011) with examining factors affecting the occurrence of landslide and its hazard zonation in Vaz basin 
with regard to geological factors, road, slope, drainage, lands use, precipitation, slope direction, height and fault, 
zoned the basin using hierarchical analysis method, and the results showed that the geology has had the most 
influence in the area. (Mohammadi , 2010), in a study in Haraz basin, in the north of Iran, performed the zoning of 
landslide using the methods, including confidence factor, informational value and hierarchical analysis process in 
GIS environment, and the results showed that models of confidence factor, AHP and informational value provide 
the most accuracy in preparing risk maps of the landslides, respectively. (Noiee, 2011) used LIM model for zoning 
the landslide danger in Givi Chai watershed basin, and the results showed among the obtained information layers, 
the levels of precipitation, elevation, low vegetation, soils with high permeability, east-facing hillsides, geology and 
land use, slope and finally the linear elements are respectively the factors affecting the occurrence of landslides. 
 (Uttar et al., 2011) studied the landslide susceptibility zonation using GIS and Rs in Kan-Betoa region, India 
and examined the factors, including geology, land use, land cover, drainage, slope, plant species and the soil types 
in the studies area; their results showed with management of land slope and use, planning for the lands would be 
possible. (Aiello ,2005) mentioned the factors of lithology, height and slope of the area Sadou in Japan as the main 
causes of landslides occurrence, and using AHP model and logistic regression, he examined the sensitivity in the 
area. The results revealed more accuracy of AHP method in classification of landslide susceptibility in the region. 
 Zoning in the study area was performed using the model of landslide index method with an acceptable 
accuracy in the area. The development of Geographic Information System (GIS) has made the use of mentioned 
method in areas with high expansion and is used as a solution for data management and designing. 
 The purpose of this study was to review and evaluate the factors affecting landslide occurrence and the impact 
of each of the factors as well as determining that which influence has been more, and also, the LIM model 
evaluation in the studied area and identification of areas with high risks. 
 
Location and characteristics of the study area 
 Sain area range with an area of 198 square kilometers is located in the western part of Ardabil province, which 
is one of the main upstream areas of Balghali Chai. The studied region is of mountainous areas that the steep 
slopes, lithology and the difference in height evidenced such a situation. The region soil has a xeric moisture 
regime. This moisture regime is in the Mediterranean climate. It has cold and humid winters and hot and dry 
summers. In this moisture regime, there is surplus reserve water causing leaching that can reduce the soil shear 
strength and provides conditions for landslides. The area soil has Mesic temperature regime. The average rainfall 
is 331 mm, and geologically, the studied area is composed of igneous and pyroclastic rocks. 
 

MATERIALS AND METHODS 
 

Landslide Susceptibility Mapping 
 For landslides mapping, initially, the satellite images should be examined carefully, which needs high surface 
resolution; but, the most important task of mapping the landslides distribution is related to field visits, so that all 
marked areas on the satellite images were visited by field observation and questionnaire completion and areas not 
related to landslides were excluded. Approximately 5.56% of the area surface was engulfed by landslides (Fig 1). 
 
Preparation of informational layers 
 Due to different performance of geological units to tectonic processes in the region and other conditions, this 
factor plays an important role in developing the sensitivity map to landslides. Geological map of the area was used 
for providing the lithological mapping. Formations in the region in terms of sensitivity to landslides are classified in 
four potential classes, including Mr pumice stones units with too much potential, Mpr-Pr trachyte- andesite and 
limestone rocks with high potential, Qal-Qt1-Qv-Mtr-Qta alluvial terraces with average potential and Mrpe-Qt-Qb1 
perlite and alluvial lava with low potential (Fig 2). 
 To provide topographic factors mapping (slope, slope direction, elevation), Digital Elevation Model with a grid 
size of 20 m was used, and topographic maps were used for preparation of digital elevation model. 
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Satellite images and topographic maps were used in preparation of land use mapping that the gardens have the 
highest landslide percentage in the zone, which provides the conditions due to be located on the moderate slopes. 
Mapping of linear elements (roads, streams, faults), four buffer zones were considered for distancing the linear 
elements, and the slides percentage in each of the buffers varies with respect to linear elements. The landslides 
association with space from the fault is upside down. 
 The soil plasticity percentage remarkably influences the stability of hillsides by changes in Atterberg moisture 
content in the area, and to have soil plasticity, the moisture of samples collected from the area was determined by 
Casey Grande method. 
 
Landslide Index Method (LIM) 
 In LIM model, for zoning these movements (landslides), a large number of qualitative and quantitative variables 
based on their detection and weighted values can be considered. In this model, the qualitative variables can be 
made quantitative, and changing the variable, i.e., taking the natural logarithm, the weight of different variables may 
be included in the calculations, which is one of the advantages of this model compared to other zoning models. For 
example, the weighted values for a specific lithology unit in the lithology map or a specific unit of slope map is 
defined as the natural logarithm of ratio between landslide density in that unit and landslide density in the entire 
drainage basin that the weighted values usually range between positive and negative numbers, which respectively 
indicate higher and lower stress of studied variables (Van Woston, 1995, p.82). 
 This model is based on the natural logarithm (Ln) of landslide density ratio of each unit of functional layers to 
the entire basin landslide density that the result of this ration is achievement to the weight of each functional layers 
unit. The LIM model is based on the following equation: 
 
 

 
 
 

 
 In this method, initially by obtaining the frequency of sliding pixels of unit of factor layers and the frequency of 
whole pixels per unit, the landslide density per unit (Densclas) is calculated and after the calculation of frequency of 
slipped pixels in the entire basin and the whole basin frequency, the landslide density in the entire basin 
(Densmap) is obtained, and finally, the natural logarithm of the ratio between landslide density per unit of each 
functional layer and sliding density in the entire basin are calculated; then, the final weight of each layer functional 
units, with positive and negative range in a separate column is resulted (Tables 1 to 11). The column of units final 
weight in the table resulted from matching the landslides distribution map and functional layers is connected to the 
functional layers data table, and by use of the information in this column, the weighted layers of factors affecting 
landslides are made. The final map is obtained from their sum. Sum of 11 weighted factor layers results in the final 
weighted map (Map fw) based on the following equation: 

 
 
 

Then, the final weight map was divided into five classes, including very low potential, low potential, moderate 
potential, high potential and very high potential due to the range of weight changes of pixels and based on changes 
in histogram curve, and the zonation map of landslide occurrence hazard was prepared for the basin (Fig 3). 
 
Results and review of landslide susceptibility maps 
 To become aware of the results accuracy, the landslide susceptibility map produced by using LIM method was 
matched with landslide distribution map, and the results showed that the regions with very high susceptibility 
encompass 75.74% of regions with landslide risk, and there is about 15.18% of regions with high sensitivity in the 
area; also, low and very low potentials have low sensitivity of landslides in the region. 
 

RESULTS AND DISCUSSION 
 

 In this research, a comprehensive study was conducted to identify the risk of landslide and prepare landslide 

susceptibility mapping in the area, and results obtained by LIM model showed that the volcanic rocks (Rhyolite, 

Rhyodacite, trachyte and basalt) have the highest potential for landslides, which is due to their clay marl texture 
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and having seams and gaps or bulk state resulting from tectonic movements or due to contraction. The relationship 

between landslide and the distance from the fault is reverse. The lower the distance to the fault, the more would be 

the likelihood of landslide occurrence due to comminution of rocks by the fault. The slope layers more than 22.20% 

have landslides. In very high slopes, the soil does not accumulate to the extent that the soil slips, and in the low 

slopes, the resisting forces such as friction of soil are higher than driving forces such as gravity. Thus, the highest 

rate of landslides occurs in moderate slopes. Most of the landslides have occurred in the vicinity of gardens, 

miscellaneous lands and rural areas. The results can be justified as such that the gardens and countryside due to 

their improper construction, located at critical slopes and formations susceptible to landslides, have the conditions 

for landslide events. 

 Eastern slopes have the most landslides rates. It can be stated that eastern directions provide the conditions 

for the occurrence of landslides by locating in the moderate slopes as well as having relatively high humidity. The 

average elevations have the maximum landslide occurrence. Such a result shows that precipitations occurred in 

the area have been mostly as rainfall, which provide the conditions for landslides. However, with increasing height, 

the precipitations are mostly as snow and the frost phenomenon occur in the region. In conditions of reduced 

moisture in the formations, the process of soil formation slows down. At lower altitudes, huma intervention 

exacerbates the sliding conditions. Around the roads and waterways, the landslides rate is relatively high. The 

roads and regional roads change the region slope balance and stability, and due to traffic in pathways, there is a 

high pressure on the lower formations of the roads. River erosion in the region also makes the equilibrium of river 

slope unstable. According to the study of parameters and landslides distribution maps, it can be concluded that the 

LIM model has an acceptable accuracy for hazard zonation of landslides in the Sain area. 

 

 
Figure 1. Landslide distribution mapping             Figure 2. Landslide stones sensitivity map 

 

 
Figure 3. Zonation map of landslide using LIM  mode 
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Table 1. Geological Units 

                       

Table 2.  Elevation Unist 

 

Table 3. Slop Units 

 

Table 4. Slope direction Units 

 

 

 

Unit Final 

Weight 

Land slide 

Density per 

Unit 

Land slide 

Frequency per 

Unit 

Whole 

Frequency 

Land slide 

Density 

Land slide 

Frequency 

Area Whole 

Frequency 

 

Geological Units 

 

Row 

 

0.162 0.077 1834 26693 0.0578 28337 489485 Mr  1 

2.091 0.468 3657.5 7812 0.0578 28337 489485 prMpr 
 

2 

0.197 0.0704 1923.25 296102 0.0578 28337 489485 

nQQtQac

QtaplatMtr





1  

3 

-1.65 0.011 1923.25 160423 0.0578 28337 489485 mrpeQbQt  12  
4 

 

Unit Final 

Weight 

Land slide 

Density 

per Unit 

 

Land slide 

Frequency 

per Unit 

 

Whole 

Frequency 

 

Land slide 

Density 

 

Land slide 

Frequency 

 

Area Whole 

Frequency 

 

Height Classes 

 

Row 

 

1.436 0.243 18525 76210.08 0.0578 28337 489485 1595.60-1904.82 1 

0.191 0.07 8961 127911.57 0.0578 28337 489485 1904.82-2166.80 2 

-2.992 0.0029 855 285358.29 0.0578 28337 489485 2166.80-2695.05 3 

Unit 

Final 

Weight 

Land slide 

Density per 

Unit 

Land slide 

Frequency per 

Unit 

Whole Frequency 

Land 

slide 

Density 

Land slide 

Frequency 

Area Whole 

Frequency 

 

Slope Classes 

 

 

Row 

-1.081 0.0196 3940 200849.40 0.0578 28337 489485 0-5.6 1 

0.122 0.0653 10054 153830.45 0.0578 28337 489485 5.6-12.13 2 

0.457 0.0913 8500 93026.86 0.0578 28337 489485 12.13-20.22 3 

0.895 0.1415 5846 41292.96 0.0578 28337 489485 20.22-45.43 4 

-1.539 0.0126 6 480.26 0.0578 28337 489485 45.43-79.67 5 

Unit 

Final 

Weight 

Land slide 

Density per 

Unit 

Land slide 

Frequency 

per Unit 

Whole 

Frequency 

Land slide 

Density 

Land slide 

Frequency 

Area Whole 

Frequency 

Slope 

direction 

Classes 

 

Row 

290/2  2360/2  7635 20/16056  2751/2  01665 019017 F 6 

219/2  2360/2  62001 00/630672  2751/2  01665 019017 N 0 

665/2  237/2  7002 16/10509  2751/2  01665 019017 E 6 

369/2-  2627/2  0050 60/16200  2751/2  01665 019017 S 0 

2761/2  236/2  7266 52/10230  2751/2  01665 019017 W 7 
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Table 5. Land use Units 

Unit Final 

Weight 

Land slide 

Density per 

Unit 

Land slide 

Frequency per 

Unit 

Whole 

Frequency 

Land slide 

Density 

Land slide 

Frequency 

Area Whole 

Frequency 

Land use 

Classes 

 

Row 

213/2  236/2  02001 602207 2751/2  01665 019017 Grassland 6 

319/2-  209/2  0690 672932 2751/2  01665 019017 Agriculture 0 

003/6  026/2  395 6077 2751/2  01665 019017 
Miscellaneous 

lands 
6 

090/6  066/2  0979 66916 2751/2  01665 019017 Gardens 0 

 

Table 6. Road Units 

 

Table 7. Stream Units 

 

Table 8. Fault Units 

 

 

 

 

 

 

Unit Final 

Weight 

Land slide 

Density per 

Unit 

Land slide 

Frequency per 

Unit 

Whole 

Frequency 

Land slide 

Density 

Land slide 

Frequency 

Area Whole 

Frequency 

Distance from 

the Road(M) 

 

Row 

2073/2  2327/2  0536 07796 2751/2  01665 019017 72-2  6 

6065/2  2333/2  0576 06030 2751/2  01665 019017 622-72  0 

6316/2  2310/2  0779 65652 2751/2  01665 019017 672-622  6 

6913/2  2527/2  0679 66005 2751/2  01665 019017 022-672  0 

Unit Final 

Weight 

Land slide 

Density per 

Unit 

Land slide 

Frequency per 

Unit 

Whole 

Frequency 

Land slide 

Density 

Land slide 

Frequency 

Area Whole 

Frequency 

Distance from 

the Stream(M) 

 

Row 

233/2-  2760/2  6765 37603 2751/2  01665 019017 72-2  6 

2260/2-  2753/2  6772 36321 2751/2  01665 019017 622-72  0 

22136/2  2716/2  6601 75021 2751/2  01665 019017 672-622  6 

2669/2-  2752/2  0992 70009 2751/2  01665 019017 022-672  0 

Unit Final 

Weight 

Land slide 

Density per 

Unit 

Land slide 

Frequency per 

Unit 

Whole 

Frequency 

Land slide 

Density 

Land slide 

Frequency 

Area Whole 

Frequency 

Distance from 

the Fault(M) 

 

Row 

960/2  600/2  0065 63526 2751/2  01665 019017 72-2  6 

102/2  660/2  0023 63036 2751/2  01665 019017 622-72  0 

556/2  607/2  0260 63616 2751/2  01665 019017 672-622  6 

393/2  663/2  6965 67563 2751/2  01665 019017 022-672  0 
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Table 9. soil plasticity Units 

 

Table 10. Precipitation Units 

 

Table 11.Temperature Units 
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