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 Landslides and the combination of natural and human factors causing this 
phenomenon are due to the high incidence of loss They. Factors in the occurrence of 
slip hazard of region departments that can help reduce the damage caused by the 
dumping phenomenon. With this aim it is necessary to map landslide hazard areas to 
be prepared for this. Zoning of Landslide is one of the ways that it can help to 
identify critical areas in terms of slope stability. This study aimed to select the most 
efficient identification of factors causing landslides Navroud efforts have been 
carried out in the basin. After field studies and preparation of the maps and data 
layers available resources, factors of landslide area were evaluated and the most 
important factors of geology, slope, and distance of roads, aspects, fault, and land 
use and near the river were identified. Weight of each of the factors of hierarchical 
analysis or AHP with comparing paired mentioned factors computed after mapping 
zonation of landslide risk with respect to the final weight of each factor to this 
result, we note that the lithology, slope, road orientation gradients in the basin 
attempting to be the most important factors of landslide area. According to The 
landslide zonation map, the catchment area was divided into five areas susceptible 
to landslides and landslide risk to safety was high. Most mass movements 
Solifluction areas of high grassland basin in the north and east facing slopes Earth 
slip around forest roads and mountain roads, especially the most happening shows. 
 

 
© 2013 AENSI Publisher All rights reserved. 

 
INTRODUCTION 

 
Slope movements and especially landslide is one of the natural evils and incidents which inflict large 

damages, and in addition, is accompanied with human losses [9]. Combination of human and natural factors 
causes extensive damages resulting from this phenomenon [4]. 

 Since it is not possible to predict when a landslide occurs and no device has been yet devised or presented 
for this purpose, therefore, identification of different regions in which landslide risk is higher, and also, their 
grading could protect us against the hazards of these incidents or minimize the inflicted damages. Accordingly, 
identification of factors affecting landslide and zonation of the resulting hazards in different regions are among 
the essential and highly significant requirements for planners and policy-makers. Without these considerations, 
any planning and decision-making in landslide-prone regions will cause wastage of financial resources besides 
the human risks.  

Due to simplicity and flexibility of Analytical Hierarchy Process (AHP) method, application of qualitative 
and quantitative criteria coupled with capability of assessing compatibility in judgments could have desirable 
contribution in analysis of the subjects related to reconnaissance [4]. Analytical Hierarchy Process (AHP) 
method of systems is based on pairwise comparison of factors affecting occurrence of landslide in the region 
under study [6]. 

Iran with mainly mountainous topography, tectonic activity and high seismicity, and diverse climatic and 
geological settings has the main natural conditions for creating a wide range of landslides. Therefore, although 
Iranians enjoy the blessings of living in mountainous regions and having climatic diversity, they are 
proportionally subject to the associated threats. Based on an initial estimation, Iran annually incurs 500 billion 
Rials of financial loss due to slides, and, this figure does not include loss of non-renewable resources. The 
statistics recorded by Ministry of Agriculture indicates that up to 2008, occurrence of around 2590 mass 
movements and landslides caused 162 deaths, destruction of 176 houses, infliction of financial losses of around 
1866 billion Rials, devastation of 676 hectares forests as well as destruction of 170 km roads [SALEHIPOUR, 
2001, Page 4]. Many research works and investigations have been so far conducted on zonation of slope slides 
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and mass movements all around the world, and, different researchers have proposed numerous classifications 
using variety of methods [15]. For instance, SARULI (2001) conducted landslide zoning in South Korea by 
means of linear regression technique [16].  

The information layers in the current research included dip (slope), dip direction, soil thickness, distance 
form waterway (river), land uses, and vegetation. After comparison of zoning results with landslide distribution 
map, the respective methods were found to yield relatively appropriate results. In Iran, the researches about 
modeling and zonation of landslide hazard are relatively novel and mainly date back to the early 2000s. An 
example of these research works is the study conducted by ESMAIELI & AHMADI (2003) in analysis of the 
factors affecting landslide occurrence and zonation of the resulting hazards using multivariate regression model 
and Analytical Hierarchy Process method. Seven parameters were used in their analysis. It was finally revealed 
that AHP method is more precise than the multivariate regression model [5]. MOHAMMAD KHAN (11) also 
performed zonation of mass movement hazard for TALEGHAN Drainage Basin. He considered six factors 
including slope, elevation, lithology, precipitation, slope direction, and land uses, and, took advantage of 
Analytical Hierarchy Process method. 

Analytical Hierarchy Process is among the most efficient decision-making techniques, which was primarily 
proposed by Thomas AL-SAATI in 1980. This method is based on pairwise comparisons and enables the 
managers to investigate different scenarios. Since the time of its innovative development, many studies have 
been carried out using this model for reconnaissance and evaluation purposes in geography, industry, and other 
fields. But, no research has ever been conducted on the respective subject in the region under the current study. 
Thus, the present study is the first research to be conducted in its category. The major advantage of AHP is 
helping the researchers divide a complex problem into its components or elements in the form of hierarchical 
structure [8]. AHP model deals with binary or pairwise comparison of factors and is characterized by two 
important features: first, incorporation of numerous qualitative and quantitative factors in problem-solving, and 
second, capability of analyzing complicated problems through hierarchical analysis of factors [10]. The 
examples of research works in this scope are briefly explained below. 

RODBER & JOVANTORS, for instance, prepared the map for estimating landslide frequency in San 
Francisco region (California) at a scale of 1: 70000. They prepared the respective map as a test map which 
included frequency and likelihood of landslide occurrence in the region with an initial approximation in six 
grades; the first grade represented the minimal frequency of landslide while the sixth grade was related to 
maximal landslide occurrence (frequency or likelihood). Brob et al. (1972) also prepared the map of landslide 
rupture potential or likelihood in nearly the same region studied by RODBER & JOVANTORS. Brob’s method 
is considered more complete than the former model because he considered zonation and stability condition of 
geological units through determination of rupture limit of the geological formations or lithology groups, and, 
classified the zones in their map in 7 grades ranging from the lowest to highest potential for landslide [17]. 
NEBRUDI (2003) in China studied different types of mass movements and introduced human interventions 
such as agricultural, urban development, and road-construction activities as the most principal factor in such 
phenomena. Thereby, identification of natural characteristics and quantification of factors affecting landslide 
occurrence could be utilized as a baseline for planning and regional development projects [12]. 

In ULTRANOVO Basin, BOLDUSE (2004) applied a model based on four variables i.e. slope, slope 
direction, drainage pattern, and ground vegetation using topography and remote-sensing. He concluded that 
landslide is strongly affected by slope and land use. SOGOV & GADNOV (2004) in India proposed a 
systematic method for identifying instable slopes prone to slide or mass wasting. The parameters under study 
were shape of slope, drainage, slope gradient, land use, and vegetation [1]. 

Through their studies on landslide in TALEGHAN Valley, AHMADI (1995) reached to the conclusion that 
landslides in this region are mainly associated with rock and soil type of the ground (due to presence of 
Neogenic evaporites) [2]. Mohammad Khan (2001) implemented zonation of mass movement hazard for 
TALEGHAN Drainage Basin taking into account the land slope, elevation, lithology, precipitation, slope 
direction, and land use through application of Analytical Hierarchy Process method [11]. In a research entitled 
“Zonation of Mass Movement Hazards using Multivariate Regression and AHP Methods”, AHMADI et al. 
(2003) investigated the factors affecting the phenomenon including: lithology, slope, land use, linear elements, 
precipitation, slope direction, and elevation in the AHP method and only the first four factors in the multivariate 
regression model. Ultimately, they selected and applied AHP method for the final modeling due to its inclusion 
of larger number of variables and more systematic and standard classification compared to the multivariate 
regression technique without imposing the expert opinions [3]. Studying impact of land uses on landslide 
occurrence in JANNAT ROUDBAR Drainage Basin, AGHABEIGI (2004) prioritized the land uses in the 
respective basin taking into account the ratio of surface area of landslide in each land use to its total area. The 
results demonstrated that pasture land use underwent the largest percentage of landslide in the region and the 
agriculture and forest land uses respectively ranked second and third in this respect [1]. In zonation of landslide 
risk of CHARMLEH Basin using GIS model and after preparation of four zonation maps through four methods 
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namely: areal density, weight of variables, expert judgment, and information value, the final conclusion was that 
the expert judgment map is the most convenient choice for the landslides observed in the basin [7]. 

The most significant factors affecting landslide occurrence in prioritized order are: lithology, slope (dip), 
fault, dip direction, precipitation, distance from river, elevation, land use, and distance from road [14].  

In the present research, the information layers or input parameters included: slope, slope direction, distance 
from waterway, land use, vegetation, distance from fault, distance from road, lithology, morphology, and soil 
type. Subsequently, weights of the factors were individually computed using AHP technique and through 
pairwise comparison of the abovementioned variables. As such, the zonation map of landslide hazard was 
prepared. Regarding the final weight of each factor, it is concluded that lithology, slope, road and slope direction 
in TALESH Basin respectively are the most significant factors of landslide occurrence in the respective region. 

 
MATERIALS AND METHODS 

 
Description of the Region under Study: 

The region under study is located in Tälesh City of Gilan Province, in northern Iran. KARGÄNROUD 
Basin is situated in the western flanks of Tälesh Mountains. This basin is bordered by HAREH DASHT LISÄR 
Basin in the north, Caspian Sea in the east, ÄRPÄCHÄY and HERVÄBÄD Basin and the western flanks of 
Tälesh Heights in the west, and NÄVROUD Basin in the south (Figure 1). 

 

 
Fig. 1: Location of the study area in Northern Iran 

 
In terms of vegetation, the region is mainly covered with forest lands. The basin understudy mostly features 

dense forest vegetation and hosts plant species (flora) such as: beech, carpinus betulus, alder, maple, ash tree, 
bead-tree, oak, walnut, tilia and so on. Tertiary rocks in the region’s mountains have a very large contribution to 
construction of topography, particularly in the eastern flanks. The lower Paleogene formation consisting of three 
tuff sandstones and breccia tuffs with intercalations of andesite lavas encompasses vast parts of the eastern 
slopes of NÄVROUD Basin. 

The NÄVROUD-ÄSÄLEM Coastal Plain lacks distinctive outcrops and is covered with late alluvial 
sediments, and hence, there are minimal geological data for this region. Following the latest Plio-Pleioctecene 
events, Tälesh Region was tectonically evolved. The quaternary deposits in the region mainly consist of 
remnants and residues of greatly extensive slippages and slides as well as creeps and slope sediment flows, and 
finally, diversity of alluvial deposits in the margins of valleys and plains all of which played role in 
geomorphological development of the region. Average precipitation of the basin is around 1200 mm with the 
major rainfalls occurring in September and October. The average temperature is 15 ˚C recorded in Tälesh 
Station [13].  

 
Preparation of Layers: 

The present research is based on field surveys. In the first step, the longitudes and latitudes of each 
landslide were determined. Then, the factors affecting landslide occurrences in the region under study were 
identified, including: slope, slope direction, land uses, lithology, distance from fault, distance from road, and 
distance from river. In the subsequent step, the maps of the aforementioned factors were prepared. Following 
analysis of all factors in GIS environment, the information layers of the respective region were specified by 
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means of AHP model and Geographic Information System software, and, the factors having larger impacts on 
landslide occurrence were determined. 

Through determining a set of criteria for evaluation of the decision-making options, each criterion was 
shown as a map layer. To have a GIS model applicable in the database based on an attribute, a scale was defined 
for expressing its levels. Accordingly, the routine maps of AHP model were started with specifying the 
decision-making elements and their prioritization. These elements included different styles of doing a task and 
prioritization of the standards or features.  

 
Zonation Procedures based on Analytic Hierarchy Process (AHP) Method: 

Having determined the set of criteria for evaluation of decision-making, it is necessary to represent each 
criterion as a map layer. In order to have a GIS applicable in a database based on an attribute, some scaled needs 
to be defined for expressing its levels. Hence, the index maps can be classified in accordance with measurement 
scales as qualitative and quantitative index maps. Geology, land use, and vegetation maps are instances of the 
layers based on qualitative data by means of which qualitative index maps can be extracted. 

Examples of quantitative index maps are digital models of elevation, slope diagram, and maps of distance 
from fault and distance from river. After selection of the respective layers, weights must be assigned to the 
layers. The index weighting is intended to express the significance of each criterion in comparison with other 
criteria. Hierarchical method was used in the present research for weighting purpose. The pairwise comparisons 
are regarded as input data and the relative weights are generated as outputs. 

 
Evaluation of Weights of the Criteria (factors) using AHP Technique: 

Weight is representative of significance level of each factor with respect to other factors; the summed value 
of the weights (W) of all factors must equal 100 percent. Using the expert judgment in this method, the factors 
are initially graded ranging from minimal to maximal priorities. Following conversion of these grades into 
numerical values from 1 to 9 (Table 1), the pairwise comparison of the factors and their prioritization based on 
the weights were regularly performed for zonation of the region under study. For pairwise comparison of factors 
and prioritization, the factors were initially compared with one another and the values in each column of the 
comparison matrix were summed in a pairwise manner (Table 2). 

2- Then, each element of matrix was divided to the total value of its column and the standardized matrix 
was derived. 

3-Average of the elements in each row of the standardized matrix was calculated. These averages represent 
an estimate of the relative weights of the compared criteria. Using this technique, the weights are treated as an 
average of all possible ways for comparing the criteria (Table 3).  

 
Table 1: Criteria for hierarchical methods 

Rank Comparisons Items 
1 Similar 
2 Similar to Lightly more 
3 Relatively more or poor 
4 Rather than to more 
5 Forceful 
6 So much more than 
8 Very much or very strong 
9 Very much so, very much 

 
Table 2: Pairea comparison of matrix elements in the eater shed NÄVROUD  

Distance to 
road 

Lithology Slope Fault Morphology Vegetation Land 
use 

River Soil Factors 

1.8 1.6 1.6 1.5 1.5 2 3 5 1 Soil 
1.8 1.8 1.5 1.4 1.4 1.5 1.5 1 1.5 Distance to River 
1.9 1.8 1.5 1.4 1.4 1.5 1 5 1.5 Land use 
1.9 1.8 1.6 1.3 1.7 1 5 5 1.2 Vegetation 
1.6 1.7 1.6 1.3 1 7 4 4 5 Morphology 
1.7 1.7 1.5 1 3 3 4 5 5 Fault 
1.6 1.7 1 5 6 6 5 5 6 Slope 
1.2 1 7 7 7 8 8 6 6 Lithology 

2 2 6 6 6 9 9 8 6 Distance to road 
2.72 2.64 21.2 26.2 28.8 44.4 47 50 38 Total 
 

Table 3: Calculated relative weight factors in landslide in NÄVROUD  
Average Distance 

to road 
Litholog
y 

Slope Fault Morphol
ogy 

Vegetation Land use River Soil Factors 

0.038 0.046 0.063 0.014 0.007 0.007 0.045 0.64 0.1 0.026 Soil 
0.016 0.046 0.047 0.012 0.009 0.009 0.0045 0.004 0.02 0.005 River 
0.026 0.041 0.047 0.01 0.009 0.009 0.0045 0.021 0.1 0.009 Land use 
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0.036 0.041 0.047 0.01 0.008 0.005 0.022 0.106 0.1 0.013 Vegetation 
0.064 0.06 0.054 0.016 0.008 0.035 0.16 0.085 0.08 0.013 Morphology 
0.065 0.052 0.054 0.014 0.009 0.104 0.07 0.085 0.1 0.013 Fault 
0.081 0.06 0.054 0.014 0.047 0.21 0.135 0106 0.1 0.157 Slope 
0.405 0.29 0.38 0.496 0.33 0.24 0.18 0.17 0.12 0.157 Lithology 
0.294 0.37 0.76 0.33 0.283 0.21 0.205 0.19 0.13 0.21 Distance to road 

 

 
Fig. 2: The zoning map, directions, range of motion of the effective slope in the basin NÄVROUD  

 
Table 4: Aspect 

 Area (km2) Index Name of Basin 
47.6 East (67.5-112.5) 

NÄVROUD 

21.2 North (0-22.5) 
20.2  North (337.5-360) 
46.9 Northeast (22.5-67.5) 
30.8 Northwest (292.5-337.5) 
34.7 South (157.5-202.5) 
40.2 Southeast (112.5-157.5) 
27.7 Southwest (202.5-247.5) 
21.9 West (247.5-292.5) 

  
Table 5: Zoning of Aspect 

Area (km2) Index Name of Basin 
41.5 Very Inappropriate  

 
 

NÄVROUD 
 
 
 

78.1 Inappropriate 
69.8 Central limit 
67.6 Modest landslide 

34.4 Suited landslide 
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Fig. 3: zoning Map of effective fault distance range of motion in the basin NÄVROUD 

 
Table 6: Distance from fault zone 

Area (km2) Index Name of Basin 
7.4 Fault zone  

 
 

NÄVROUD 
 
 
 

  25.3 Very Inappropriate 
30.7 Inappropriate 
61.0 Central limit 
101.1 Modest  
65.9 Suited landslide 

 
Fig. 4: Zoning map lithology effective range of landslide in the basin NÄVROUD  
 
Table 7: Geology 

(km2) Index Name of Basin 
45.79 Andesite, basalt-andesite, and tuff 

 
 
 
NÄVROUD 

 
 
 

9.45 Fluvial terraces and alluvial fans 
30.10 Andesite tuff, lava and lava veins 
5.36 Grey green tuff, silt, sandy tuff 
0.34 Andesite vein 
0.04 Volcanic rock 
140.19 Sandy limestone 
8.59 Grey silty limestone to limey-sandy shales 
0.54 Grey silty shale, tuff, andesite lava 
25.72 Grey silty shale, tuff, andesite lava, limestone 
30.66 Polygenetic conglomerate 
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Table 8: Zoning of land use 
Area (km2) Index Name of Basin 
9.3 Very Inappropriate 

NÄVROUD 
 

 

146.2 Inappropriate 
25.7 Central limit 
29.8 Appropriate 
80.6 Very Appropriate 

 

 
Fig. 5: land use zoning Map of candidate landslide in the basin range NÄVROUD 

 
Table 9: LAND USE 

Area (km2) Index Name of Basin 
0.03  Pool 

NÄVROUD 

1.11  Building blocks 
235.67  Forest 
2.92  Planting 
0.04  River 
2.87 Agriculture 
0.00 Single building 
7.05 Paddy 
0.07 Sand Beach 

 
Table 10: Landuse zoning 

Area (km2) Index Name of Basin 
2.9 Central limit 

NÄVROUD 234.9 Appropriate 
53.8 Suited landslide 

 
 

 
Fig. 6: The zoning map affecting road distances in the range of motion in NÄVROUD 
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Table 11: Area Road 
Area (km2) Index Name of Basin 
6.3 Very Inappropriate 

NÄVROUD 
 

11.9 Inappropriate 
30.5 Central limit 
242.7 Appropriate 

 

 
Fig. 7: Zoning map, effective oradient of slope in landslide  

 
Table 12: zoning slope 

Area (km2) Index Name of Basin 
158.5 Very Inappropriate 

NÄVROUD 
 

50.7 Inappropriate 
37.8 Central limit 
23.4 Appropriate 
21.0 Very Appropriate 

 

 
Fig. 8: Map of watershed hydrology in NÄVROUD 

 
Table 13: flood zone 

Area (km2) Index Name of Basin 
0.26 Very Inappropriate 

NÄVROUD 
 

0.51 Inappropriate 
1.51 Central limit 
289.23 Appropriate 
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Fig. 9: Risk zonation maps of slope movements in NÄVROUD 

 
Table 14: Danger Zone 

Area (km2) Index Name of Basin 
3.04 High risk 

NÄVROUD 
 

8.43 Central limit 
17.44 Low risk 
18.49 very low risk 
243.66 No risk 

 
Conclusions: 

 
Zonation of a region is an important stage in regional planning against natural threats. Numerous methods 

are available for zonation of the landslides. In many researchers’ opinions, AHP technique is the most 
reasonable method for zonation of landslide hazard. AHP method was applied for zonation of landslide in 
KARGÄNROUD Basin as well. This method not only determines percentage role of each factor in landslide 
occurrence but also incorporates the mechanism of connection and coordination among the factors affecting the 
phenomenon (acting like rings of a chain) because the factors are interrelated to each other such that it is 
impossible to eliminate any of them. Therefore, all the factors affecting the process are taken into account as far 
as possible. 

According to zonation map of landslide, the drainage basin was divided into five zones in terms of 
sensitivity to landslide, and, the zones with high to no landslide occurrence hazard were identified. The most 
frequent mass movements of solifluction type occur in elevated and pasture zones of the basin in slopes dipping 
toward north and northwest. The landslide occurrence is also most frequent around the roads, specifically in the 
mountainous and forest roads. This condition is reflective of involvement and qualitative and quantitative effect 
of the aforementioned factors. These zones are among the regions where majority of the villages are located. 
Consequently, any sort of land use and environmental exploitation in these regions must be in accordance with 
expert and logical considerations. Thanks to the vegetation and dense forests, a great portion of the basin is less 
likely to undergo mass movement phenomena. As a final conclusion, it can be stated that Analytical Hierarchy 
Process (AHP) method features relatively high accuracy for zonation of landslide hazard in KARGÄNROUD 
Basin due to incorporation of multiple criteria. And, field observations are also suggestive of relatively high 
precision of the respective model.  
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