
Int. J. Environ. Res., 7(2):319-336, Spring 2013
ISSN: 1735-6865

Received 17 March 2012;                 Revised 8 July 2012;                Accepted 18 July 2012

*Corresponding author E-mail:Bakhtiar.FeiziZadeh@stud.sbg.ac.at

319

Landslide Susceptibility Mapping for the Urmia Lake basin, Iran: A multi-
Criteria Evaluation Approach using GIS

Feizizadeh , B.1,2*, Blaschke, T.2 , Nazmfar, H.3 and Rezaei Moghaddam, M.H.1

1Department of Physical Geography Centre for Remote Sensing and GIS, University of Tabriz, Iran
2 Department of Geography & Geology Centre for Geoinformatics , University of Salzburg,

5020, Austria
3 Department of Geography and Urban Planning, University of Mohaghegh Ardabili, Ardabil, Iran

ABSTRACT:Although typically small in terms of their spatial footprint, landslide hazards are relatively
frequent in Northern Iran. We assess landslide susceptibility for the nearly 20.000 km2 large study area of the
Urmia lake basin which is dominated by agricultural land use but includes the major settlements areas of the
East Azerbaijan province, Iran. Landslide factors are established in form of GIS dataset layers including
topography, geology, climatology and land use. After pre-processing all data layers are standardized based on
a fuzzy logic model. An Analytical Hierarchical Process (AHP) delivers the weights for the GIS-analysis.
Datasets are combined by GIS spatial analysis techniques and a landslide susceptibility map of the study area
is created. An existing inventory of known landslides within the case study area was compared with the
resulting susceptibility map. We found that high susceptible zones cover about 4.47% (944 km2) of the total
area whereby geological outcrops of sedimentary and volcanic formations such as volcanic ash contribute most
to the landslide susceptibility. Due to the dynamic growth of settlements especially in the vicinity of the city
of Tabriz landslide hazards may cause even more damage in the future.The resulting information of this
research is useful for a) a better understanding of existing landslides and their origins in North-Western Iran, b)
supporting emergency decisions and c) prioritization of efforts for the reduction and mitigation of future
landslide hazards.
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INTRODUCTION
Disaster is defined as “a situation or an event which

overwhelms local capacity, necessitating a request to a
national or international level for external assistance;
an unforeseen and often sudden event that causes great
damage, destruction and human suffering” (Vos et al.,
2010; Akinci et al., 2011; Afandizadeh et al., 2012; Salehi
et al., 2012). Disasters are natural hazard events in which
a natural phenomenon or a combination of natural
phenomena, such as earthquakes, mass movements,
floods, volcanic eruptions, tsunamis etc., can cause
many loss of lives and damage to the property. It is
almost impossible to prevent the occurrence of natural
disasters and their damages. However, it is possible to
reduce the impact of disasters on human lives,
infrastructure and property by adopting suitable
disaster mitigation strategies. The term of landslide
describes “a wide variety of processes that result in
the downward and outward movement of slope-forming

materials including rock, soil, artificial hill, or a
combination of these. The materials may move by
falling, toppling, sliding, spreading, or flowing” (U.S.
Geological Survey, 2004). Landslide occurrences are
attributable to the resisting strength of the soil or rock
forming the slope against gravity, and a landslide
results when the balance is tipped in favour of gravity.
This balance can be changed by both natural and man-
made circumstances. The elements that affect slope
stability and landslides are numerous varied and
interact in complex and often subtle ways (Varnes,
1984). Landslides can be caused by tectonic factors
such as earthquakes or faults, but are often interrelated
with climatic factors such as precipitation. Landslides
have caused severe human and economic losses
(Guzzetti, 2000). Individual slope failures are generally
not so spectacular or as costly as earthquakes, major
floods, or hurricanes but may cause more damage to
properties than any other geological hazards (Varnes,
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1987). Landslides and slope instabilities are major
hazards for human activities often causing economic
losses, property damages and high maintenance costs,
as well as injuries or fatalities (Das et al., 2010).
Damages and human casualties are predominantly
attributed to main events. This leads to a substantial
underestimation in the available statistical data on
landslide impact (Castellanos Abella, 2008). In the
North-West part of the Iran (Sahand Mountain),
landslides occur frequently due to climatologic and
geologic conditions with high tectonic activities
(Feizizadeh and Blaschke, 2011). The Iranian plateau is
a capable area for occurrence various kinds of
landslides because of its mountainous feature, high
tectonic activity, geological and climatologic variety
(Jadda et al., 2009).

The main objective of this research is to produce a
detailed landslide susceptibility map for the Urmia lake
basin in northwest Iran as needed by different
authorities in the East Azerbaijan Province. Landslide
susceptibility is defined as “the proneness of the terrain
to produce slope failures and susceptibility is usually
expressed in a cartographic way. Landslide
susceptibility zoning involves a degree of interpretation
and spatial distribution rate of the terrain units
according to their propensity to produce landslides
which is that dependent on topography, geology,
geotechnical properties, climate vegetation and
anthropogenic factors such as development and
clearing of vegetation” (Fell et al., 2008). A landslide
susceptibility map depicts areas likely to have
landslides in the future by correlating some of the
principal factors that contribute to landslides with the
past distribution of slope failures (Brabb, 1984; Yalcin,
2008). They provide important information to the
prediction of future landslides hazards and could be
based on the landslide hazard maps which are includes
an indication of the time scale within which a particular
landslides are likely to occur (Atkinson and Massari,
2011). Landslide susceptibility maps are basic tools
for land-use planning, especially in mountain areas but
also in areas with moderate terrain complexity but
specific geological conditions such as outcrops.
Landslide susceptibility mapping requires a rather
complex knowledge of slope movements and their
controlling factors. The reliability of landslide
susceptibility maps mostly depends on the amount
and quality of the data available, the working scale
and the selection of the appropriate analysis
methodology. The process of creating these maps
involves several qualitative or quantitative
approaches. Early attempts defined susceptibility
classes by qualitative overlaying of geological and
morphological slope-attributes to landslide inventories

(Nielsen et al., 1979). Enormous progress has been
made in the development of landslide inventories,
landscape susceptibility mapping and hazard zoning,
whereby much of this progress is based on the
extensive use of GIS, GPS and remote sensing
techniques (van Westen et al., 2008).Today, practically
all research on landslide susceptibility and hazard
mapping makes use of digital tools for handling spatial
data such as GIS, GPS and remote sensing. These tools
also have deûned, to a large extent, the type of analysis
that can be carried out. It can be stated that GIS has
somehow determined the current state of the art in
landslide hazard and risk assessment (van Westen et
al., 2005; 2008). These GIS-based techniques are
increasingly viewed as a key to managing spatial and
temporal data for natural hazards (Kimmance et al.,
1999; Parsons and Frost 2000; Lan et al., 2009; 2004;
Forte et al., 2005; Kohler et al., 2006). The main
objectives of this research are a) to analysis landslide
potential using GIS-multicriteria decision analysis and
b) to explore the landside susceptibility parameters in
Urmia lake basin, Iran.

The study area is the Urmia lake basin which is
located in the East Azerbaijan province of Iran. This
area with 35 cities and 1018 villages totalling in 3.2
million inhabitants is important in terms of housing,
industrial and agricultural activities for the East
Azerbaijan province (ICC, 2007; Ahmadi et al., 2011;
Farzin et al., 2012). The study area is 19913 km2 in size
and covers 43.44 % of the East Azerbaijan province. It
is located 36° 56' 36" N to 38° 21' 11" N and 45° 05' 33"
E to 47° 55' 10" E as presented in Fig. 1. Urmia Lake as
the largest water body in Iranian plateau is located
northwest of Iran. More than 20 permanent and
seasonal rivers as well as a few subterranean streams
and springs feed the lake. As an ecological heritage
Urmia Lake it a UN protected habitat (Ahadnejad
Reveshty and Maruyama, 2010). The elevation of the
Urmia lake basin ranges from 1260 at Urmia Lake to
3710 meters above sea level in the Sahand Mountains.
The climate is semi-arid and annual precipitation is
about 300 mm (Alijane, 2000). The area’s geology is
very complex and the lithological units comprise
several formations causing volcanic hazards,
earthquakes and landslides. This geophysical setting
makes slopes of this area potentially vulnerable to
landslides and mass movements such as rock fall,
creeps, flows, topples and landslides (Alaei Talganei,
2009). Landslides are common in Urmia lake basin and
the complexity of the geological structure in the
associated lithological units, comprised with several
formations, cause volcanic hazards, earthquakes and
landslides (Feizizadeh and Blaschke, 2011).
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Fig. 1. location of case study area in the East Azerbaijan province (left) and Iran (right)

MATERIALS & METHODS
GIS-multicriteria decision analyses (MCDA)

provide a rich collection of techniques for landslide
susceptibility mapping (Feizizadeh et al., 2012). The
MCDA framework is primarily concerned with how to
combine the information from several criteria to form a
single index of evaluation (Yu et al., 2011; Feizizadeh
and Blaschke, 2012). GIS-MCDA can be thought of as
“a process that transforms and combines geographical
data and value judgments (the decision-maker’s
preferences) to obtain information for decision making.
It is in the context of the synergetic capabilities of GIS
and MCDA that one can see the benefit for advancing
theoretical and applied research on GIS-MCDA”
(Malczewski, 2006). GIS-MCDA based landslide
analysis allows to combine information derived from
heterogeneous sources to support landslide
monitoring. One of the multi-attribute techniques
which have been incorporated into the GIS-based
landslide analysis procedures is the Analytical
Hierarchy Process (AHP) originally introduced by
Saaty (1980). AHP builds a hierarchy of decision
elements (factors) and renders comparisons possible
between pairs of factors in form of a matrix. The results
are weights for each factor and also a consistency ratio
which quantifies the unambiguity of the pairwise
weighting. It is based on three principles namely
decomposition, comparative judgment and synthesis

of priorities (Malczewski, 1999). AHP is a multiple
criteria decision-making technique that allows
subjective as well as objective factors to be considered
in the decision-making process. It allows the active
participation of decision-makers and gives managers a
rational basis on which to make decisions. In MCDM
the AHP method is widely used to obtain the required
weightings for different criteria (Saaty, 1977; 1980; Saaty
and Vargas, 1991; Wu 1998), AHP has been successfully
employed in GIS-based MCDM since the early 1990s
(Carver, 1991; Malczewski 1999; 2004; Makropoulos et
al., 2003). It calculates the required weights associated
with criterion map layers with the help of a preference
matrix in which all relevant criteria identified are
compared against each other on the basis of preference
factors. The weights can then be aggregated. GIS-based
AHP has gained popularity because of its capacity to
integrate a large quantity of heterogeneous data, and
because obtaining the required weights can be
relatively straightforward, even for a large number of
criteria. It has been applied to a variety of decision
making problems (Tiwari et al., 1999; Nekhay et al.,
2008; Hossain and Das, 2009). Finally, AHP as a multi-
objective, multi-criteria decision-making approach
enables the user to specify preferences drawn from a
set of alternatives. AHP gained wide application in site
selection, suitability analysis and regional planning.
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The set of criteria selected should adequately represent
the decision-making environment and contribute
towards the final goal (Prakash, 2003; Feizizadeh and
Blaschke, 2011). There are no universal guidelines for
selecting parameters that influence landslides in
susceptibility mapping (Yalcin, 2008). In this study
topography, geology, geotechnical properties, climate,
vegetation and anthropogenic factors (Table 1) were
selected using expert knowledge based on field studies
related to active landslides. Despite the presence of
spatial dependency between parameters, research
results which consider many causal factors in a single
analytical task are not uncommon in the literatures,
apparently looking for greater detail. The result of the
susceptibility map is determined by factors with high
local representation such as lineaments and turned to
have artifacts that reduce its reliability. There are also
studies that used natural (lithology, lineament, etc.)
and artificial (roads and other engineering structures),
or causal (slope, lithology, etc.) and triggering (rain,
seismicity, etc.) factors together (Ayalew and
Yamagishi, 2005; Yalcin, 2008). The selection of the nine
causal factors in this study is based on these four
criteria, and also considers general literature inputs and
data availability (Ayalew and Yamagishi, 2005).
Lithology, DEM, slope, aspect, land cover, precipitation,
distance to streams, distance to roads and faults are
the factors that are most often used for susceptibility
mapping by other researchers (Dai et al., 2002; Lee and
Min, 2001; Parise, 2001; Dai et al., 2002; Cevik and
Topal, 2003; Ercanoglu et al., 2004; Lee et al., 2004a,b;
Lan et al., 2004; Perotto-Baldiviezo et al., 2004; Ayalew
and Yamagishi, 2005; Komac, 2006; Pachauri and Pant,
1992; Yalcin, 2008; Thanh long, 2008; Feizizadeh et al.,
2011; Feizizadeh and Blaschke, 2011; Khezri, 2011; Joo
Oh and Pradhan, 2011; Bai et al., 2011; Padma et al.,
2011).

Table 1. Evaluation  criteria

Elevation 
Slope  
Aspect  

Topography 
 

 distance to  streams 
Land use/cover Human factors 
distance to  roads 
lithology Geo logy 
distance to faults   

Climate precipitation  

In landslide susceptibility studies, generally it is
assumed that the future landslides must occur with the
effects of the same factors as previous therefore the
first step in landslide susceptibility assessments is to
acquire information about the landslides that have
occurred in the past (Akinci et al., 2011) based on this

idea, the first step in our study is to establish a spatial
database for a spatially explicit analysis of the degree
of susceptibility. GIS analytical techniques include:
overlays, distance calculations, buffering etc. Major
data sets include:
 � Lithology and fault maps were derived from
geological maps 1:100,000.
 � Road and drainage maps were extracted from
a topographical map of the area with a scale of 1:25000.
 � Digital topographic maps with a scale of
1:25000 were used in order to create a TIN and DEM,
as well as slope and aspect maps.
 � Land use and land cover maps were derived
from Landsat ETM+ satellite images through image
processes techniques.
 � Meteorological data, including precipitation
data for a 30 year period was used to create a
precipitation map.
 � The Landslides inventory database for the
province of East Azerbaijan.

In the preparation phase, all necessary geometric
thematic editing was done on the original data sets
and a topology was created. In the next step, all vector
layers were converted into raster format with 20 m
resolution and the spatial datasets were processed in
ArcGIS. In doing so, a pairwise comparison technique
was used to extraction standard weights, which is
typically used for rating and standardizing the ordinal
values (Malczewski, 2004). This technique is an
extension of the classic binary logic, with the
possibility of defining sets without sharp boundaries
and allowing for partial assignation of elements to a
particular set. A fuzzy set is essentially a set whose
members may have degrees of membership between 0
and 1, as opposed to a classic binary set in which each
element must have either 0 or 1 as the membership
degree (Malczewski, 2004). In this particular landslide
hazard analysis for the Urmia lake basin, the criteria
used relate to topography, climate, geology, vegetation
and anthropogenic factors all of which were
represented by separate GIS dataset layers. The
resulting memberships of different potential classes
were subsequently standardized using the maximum
eigenvectors approach on a 0 to 1 scale.

A main parameter of the slope stability is the slope
angle which is directly related to landslides (Lee and
Min 2001). It is frequently used in the calculation of
landslide susceptibility maps (Clerici et al., 2002; Saha
et al., 2002; Cevik and Topal, 2003; Ercanoglu et al.,
2004; Lee et al., 2004a; Lee, 2005; Yalcin, 2005; 2008).
The slope map of the study area was divided into five
slope categories. ArcGIS software was used for this
classification and for  the calculation of the
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relationships to landslide susceptibility. The landslide
susceptibility percentages for each slope class are
presented in (Fig. 2a and Table 6).

Slope aspect strongly affects hydrologic
processes via evapotranspiration and thus affects
weathering processes and vegetation and root
development, especially in drier environments (Sidle
and Ochiai, 2006). Slope aspect characteristics which
increase landslide occurrence were defined in previous
studies (Churchill, 1982; Gao, 1993; Hylland and Lowe,
1997; Lan et al., 2004). Together with slope, aspect is
one of the important factors in landslide susceptibility
mapping (Guzzetti et al., 1999; Nagarajan et al., 2000;
Saha et al., 2002; Cevik and Topal, 2003; Ercanoglu et
al., 2004; Lee et al., 2004a; Lee, 2005). Aspect related
parameters such as exposure to sunlight, drying winds,
rainfall (degree of saturation), and discontinuities may
control the occurrence of landslides (Dai et al., 2001;

a) 

c) d) 

b) 

Cevik and Topal, 2003; Suzen and Doyuran, 2004;
Komac, 2006). Aspect regions are classified according
to the aspect class as flat (–1°), north (315°–360°, 0°–
45°), east (45°–135°), south (135°–225°) and west (225°–
315°). The relationship between aspect and landslide
susceptibility was analysed for aggregated aspect
classes Fig. 2b) and Table 6.

Next to the absolute height differences surface
topography controls many landslide relevant factors
such as flow sources, flow direction and soil moisture
concentration. Topography is an important factor in
regard to the density and spatial extent of landslides
(Ayalew and Yamagishi, 2005). Elevation and slope
angle are considered to be the main topographic factors
for landslide occurrence (Guzzetti et al., 1999;
Nagarajan et al., 2000; Lee and Min, 2001; Clerici et al.,
2002; Cevik and Topal, 2003; Lee, 2005; Kelarestaghi
and Ahmadi, 2009). The strong statistical relationships

Fig. 2, a) Classification of slope map, b) Aspect map, c) Classification of digital elevation model, d) Distance to
streams map
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between elevation and landslide occurrence has been
cited in many studies (e.g., Pachauri and Pant, 1992;
Lineback Gritzner et al., 2001; Dai and Lee, 2002). Fig.
2c) and Table 6 depict the classification of elevation to
determine the distribution of landslide susceptibility.
An important parameter that controls the stability of a
slope is the saturation degree of the material on the
slope. The closeness of the slope to drainage
structures is another important factor in terms of
stability. Streams may adversely affect stability by
eroding the slopes or by saturating the lower part of
material until resulting in water level increases
(Gokceoglu and Aksoy, 1996; Dai et al., 2001; Saha et
al., 2002; Cevik and Topal, 2003; Yalcin, 2005; 2008).
Five different buffer areas were created to analyse the
relationship between distance to streams and slopes.
The results of this analysis of stream distances and
landslides are shown in Fig. 2d) and Table 6.

Similar to the effect of the distance to streams,
landslides may occur on the road and on the side of
the slopes affected by roads (Pachauri and Pant, 1992;
Pachauri et al., 1998; Ayalew and Yamagishi, 2005;
Yalcin, 2005). A road constructed beside slopes causes
a decrease in the load on both the topography and on
the heel of slope. As a result of increasing of the stress
on the back of the slope because of changes in
topography and decrease of load, some tension cracks
may be created. On the slope of the hill that is balanced
before the road is constructed, instability may be
observed because of negative effects such as water
ingress. In our study five different buffer zones (Fig.
3a) were created to determine the effect of the road on
the stability of slope through comparing the buffer
zones / distance to roads and the landslide
susceptibility (Table 6).

One of the major factors in the triggering of
landslides is seismicity. For the main part seismically
generated landslides usually do not differ in their
morphology and internal processes from those
generated under non-seismic conditions (Thanh long,
2008). In this respect, faults are an important
susceptibility factor. Highly faulted zones are areas of
particularly high incidence of unstable slopes
(Radbruch Hall, 1976) and  the degree of fracturing
and shearing plays an important role in  determining
slope stability (Varnes, 1984). Tectonics contributes
to slope instability by fracturing, faulting, jointing and
deforming foliation structures (Ibetsberger, 1996;
Pachauri et al., 1998). Distance from direct faults and
the thrusts faults are known as main causative reasons
for landslides: presence of these tectonic structures
breaks the rock mass reducing its strength (Donati and
Turrini, 2002). In this study five different buffer zones

to existing faults (Fig. 3b) were created. The distribution
of these buffer zones was then determined (Table 6).

Land use/cover is too often considered as a static
factor in landslide hazard studies, and few researches
involve constantly changing land use as a factor in
the analysis (Van Beek and Van Asch, 2004; van Westen
et al., 2008). Land use/cover indicates indirectly that
slopes are stabilized, barren, and sparsely vegetated
areas exhibit faster erosion and greater instabilities than
forests (Anbalagan, 1992; Turrini and Visintainer, 1998;
Nagarajan et al., 2000; Dai et al., 2001; Cevik and Topal,
2003). Changes in land cover and land use resulting
from human activities, such as deforestation, forest
logging, road construction, ûre and cultivation on steep
slopes can have an important impact on landslide
activity (Cannon, 2000; Glade, 2003). Much work has
been done to evaluate the effect of logging and
deforestation on landslides (e.g. Furbish and Rice,
1983; Ziemer et al., 1991). Vegetation effects on slope
stability may be broadly classiûed as either
hydrological or mechanical in nature. The mechanical
factors consist of reinforcement of soil by roots,
surcharge, wind-loading and surface protection
(Greenway, 1987). The effects of vegetation cover on
the hydrological processes of shallow landsliding can
be subdivided into the loss of precipitation by
interception, removal of soil moisture by
evapotranspiration and the effects on hydraulic
conductivity (Wilkinson et al., 2002a, b). In this study
five categories of land use/cover (Fig. 3c) were
determined and compared to landslide susceptibility
(Table 6).

Geology strongly influences slope stability (Sarkar
et al., 1995) and it is clear that there exists an
association between slope instability and different
types of regolith material (Sidle and Ochiai, 2006).
However, this association may be strong or weak
largely depending upon the type of regolith material.
Examples of a strong association between landslide
and different types of regolith material were given by
many researchers (e.g., Yokota and Iwamatsu, 1999;
Yalcin, 2008). Weathering alters the mechanical,
mineralogical and hydrologic attributes of the regolith,
and, hence, is an important factor of slope instability
in many settings (Maharaj, 1995; Yokota and Iwamatsu,
1999; Chigira, 2002; Wakatsuki et al., 2005). The geology
of our study area is very complex and the lithology
units comprise several formations (Table 5). The
formations were therefore classified in nine categories
in respect to landslide susceptibility (Fig. 3d). Table 6
reveals the resulting landslide susceptibility
percentages per lithological category.
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a) b) 

c) d) 

 

Fig. 3. a) Distance to roads, b) Distance to faults, c) Geology formation, d) Land use/cover classification

Spatial patterns of rainfall are closely associated
with landslide initiation (Campbell, 1966; So, 1971,
Starkel, 1976) by means of their influence to the
generation of pore water pressure in unstable hill slopes
(Sidle and Swanston, 1982; Iverson and Major, 1987;
Tsukamoto and Ohta, 1988). Researchers usually refer
to one of the four kinds of rainfall as factors of landslide
initiation: (1) total rainfall, (2) short-term intensity, (3)
antecedent storm precipitation, or (4) storm duration.
However, it may depend on the region and on
specificities what type of rainfall attributes may have
the highest correlation with landslide occurrence. Some
studies conclude that short-term rainfall intensity is
the most important determinant (e.g., Sidle and
Swanston, 1982; Keefer et al., 1987). Others (Glade,
1998) found a correlation of long-term precipitation with
landslide occurrences. In our methodology we use
long-term precipitation for a 30 year period (1980-2010)
and created a precipitation map (Fig. 4a). The landslide
susceptibility percentages were calculated according
to the category of precipitation by comparing the map

of the precipitation and the landslide susceptibility
(Table 6).

To apply the AHP approach described above, it is
necessary to break a complex unstructured problem
down into its component factors, arrange these factors
in a hierarchic order, assign numerical values to
subjective judgments on the relative importance of
each factor and synthesize the judgments to determine
the priorities to be assigned to these factors (Saaty
and Vargas, 2001). The AHP requires the creation of a
reciprocal pairwise comparison matrix. Entries into the
matrix are found from comparison between each layer
based on a 9-point rating scale  as developed by Saaty
(1977) ( see Table 2), where a value of 1 is given to
imply the criteria under comparison are of equal
importance to the final solution and 9 expresses
extreme importance of one criterion over another.
Values in between are used for expressing moderate
importance of one criterion over another (3), strong
importance (5) and very strong importance (7). In case
of the criteria being compared are deemed to be closer
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than indicated by this scale, one can use values in
between (Robinson et al., 2010). Comparisons are made
by comparing the row criterion to the column criterion.
If the row criterion is of less importance to the column
criterion the reciprocal is used (e.g. very strongly less
important would be expressed as 1/7). By definition
the diagonal entries are all equal to 1 (criteria are equally
important when compared to themselves) and the
rating in any position i, j will be the reciprocal of that in
position j, i (Robinson et al., 2010). The principal
eigenvector of this matrix yields the weights applicable
to each layer (Malczewski, 1999; Robinson et al., 2010).
In this study we utilized the AHP’s ability to
incorporate different types of input data, and the
pairwise comparison method for comparing two
parameters at the same time. However, both the
comparison of the parameters relative to each other
and the determination of the decision alternatives,
namely the effect values of the sub-criteria of the
parameters (weight), were based on the comparison of
landslide susceptibility map. Consequently the weight
values were determined accurately for the data sets
used (Tables 3 and 4). One of the strengths of AHP is

Table 2. Scales for pairwise comparisons (Saaty and Vargas 1991)

that it allows for inconsistent relationships while, at
the same time, providing a consistency ratio (CR) as
an indicator  of the degree of consistency or
inconsistency (Forman and Selly, 2001; Chen et al.,
2009). Therefore, we implemented the AHP in this study
with an option to let the user define an acceptable CR
threshold value. If the CR is greater than 0.10, it is
important to be careful to accept the resulting weights
without changing the inputs to the pairwise
comparison matrix, and also to feel confident that the
matrix really reflects the user’s beliefs and does not
contain errors (Bodin and Gass, 2003; Chen et al., 2009;
Feizizadeh and Blaschke, 2012). In our study the
resulting CR for the pairwise comparison matrix for nine
dataset layers was 0.053 (Table 3) indicating that the
comparisons of characteristics were perfectly
consistent and that the relative weights were
appropriate to be subsequently used in the landslide
susceptibility model. Lithology, land use/cover, slope,
precipitation, distance to faults, distance to stream and
aspect were found to be important parameters for the
study area, whereas distance to road and elevation
received a low degree of importance.

Intensity of importance Description 

1 Equal importance  
3 Moderate importance 
5 Strong or essential importance 
7 Very strong or demonstrated importance 
9 Extreme importance 
2,4,6,8 Intermediate values  
Reciprocals Values for inverse comparison 

 

 

Eigen 
values 

8 7 6 5 4 3 2 1 F actors 

lithology 
0.045        1 (1)  Altered zone  
0.036       1 1 (2) Metamorphic- Plutonic 
0.020      1 3 3 (3) Plutonic 
0.101     1 7 5 6 (4) Volcanic 
0.120    1 4 4 5 6 (5) Metamorphic-Volcanic 
0.200  1 4 3 5 3 5 (6) Volcanic-Sedimentary 
0.208 

 
1123867 (7) Sedimentary-Volcanic 

0.270 1 1 1 2 3 8 6 8 (8) Sedimentary 

Consistency ratio: 0.061 
 

Precipitation (mm) 
0.083        1 (1)250 > 
0.098       1 3 (2)251-300 
0.116      1 3 4 (3)301-350 
0.301     1 1/3 4 7 (4)350-400 
0.402    1 5 7 3 8 (5)401-485 

Consistency ratio: 0.075 
 

Table 3.  Pairwise comparison matrix, factor weights and consistency ratio of the data layers used

Landslide susceptibility mapping
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Table 3.  Pairwise comparison matrix, factor weights and consistency ratio of the data layers used

 

Land use/cover 
0.053        1 (1)Settlement 
0.067       1 3 (2)Orchard and croplands 
0.235      1 7 8 (3)Dry-Farming & pasture 

lands 
0.320     1 3 8 9 (4)Bare soil 
0.325    1 3 3 8 9 (5) Rock bodies 

Consistency ratio: 0.054 

Slope (°) 
0.110        1 (1)0-10 
0.173       1 3  (2)10.1-20 
0.393      1 3 4 (3)20.1-30 
0.062     1 1/3 3 3 (4)30.1-40 
0.085    1 1/4 1/6 1/4 1/3 (5)40.1 < 

Consistency ratio: 0.083 
 
Distance to fault (m) 

0.514        1 (1)0-1000 
0.224       1 1/3 (2)1001-2000 
0.126      1 1/3 1/5 (3)2001-3000 
0.085     1 1/2 1/5 1/7 (4)3001-4000 
0.050    1 3 2 1/2 1/5 (5)4000 < 

Consistency ratio: 0.024 

Distance to stream (m) 
0.514        1 (1)0-50 
0.224       1 1/3 (2)51-100 
0.126      1 1/3 1/5 (3)101-150 
0.085     1 1/2 1/5 1/7 (4)151-200 
0.050    1 1/4 1/6 1/2 1/5 (5)200 < 

Consistency ratio: 0.024 

Distance to roads (m) 
0.269        1 (1)0-25 
0.255       1 4 (2)26-50 
0.249      1 2 4 (3)51-75 
0.135     1 1 2 4 (4)76-100 
0.092    1 1 1 2 3 (5)100 < 

Consistency ratio: 0.002 
 
Aspect 

0.036        1 (1)Flat 
0.053       1 9 (2)North 
0.104      1 1/8 1 (3)East 
0.269     1 3 1/7 4 (4)West 
0.511    1 7 7 7 9 (5)South 

Consistency ratio: 0.061 
 
Elevation (m)  

0.076        1 (1)1260-1400 
0.239       1 9 (2)1401-1800 
0.393      1 8 9 (3)1801-2500 
0.173     1 7 7 8 (4)2501-3000 
0.119    1 1/5 1/6 1/7 7 (5)3001-3710 

Consistency ratio: 0.072 
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Table 4. Pairwise comparison matrix for dataset layers of landslide analysis

 

Eigen values 9 8 7 6 5 4 3 2 1 Factors 
0.025         1 (1)  Aspect  
0.036        1 1/5 (2) Distance to road 
0.020       1 1/3 1/2 (3) DEM 
0.112      1 1/3 1/3 1/3 (4) Distance to stream 
0.124     1 1/3 1/5 1/5 1/3 (5) Distance to fault 
0.141    1 1/4 1/3 9 1/5 7 (6)  Slope 
0.160   1 1/3 1/3 1/5 1/5 6 8 (7) Land use 
0.172  1 1/5 3 4 7 7 6 8 (8) Precipitation  

0.210 1 8 1/5 4 7 8 1/3 7 9 (9) lithology 
Consistency ratio: 0.053 

Table 5. Lithology units of Urmia lake basin

 

Period  Rock Type Main rock Descrieb  
Cambrian Sedimentary Dolomite Massive cherty, recrystallized dol 
Cambrian Sedimentary Sandstone sandstone 
Eocene Plutonic Gabbro Gabbro 
Lower Cretaceous Sedimentary Shale and other Shale, quartzite sandstone, limestone 
Lower Cretaceous Volcanic Volcanic rocks Basic volcanic rocks 
Lower-Middle 
Eocene Volcanic Undifferentiated lava Undifferentiated lava flows 
Lower-Middle 
Pliocene Sedimentary Clastic sediment 

Fine clastic sediments with dolomite and 
fish beds 

Lower Pliocene Volcanic Dacite Sahnd dasitic dome and cone 

Middle Eocene 
Volcanic-
Metamorphic Latite Metamorphic  lalite 

Middle Miocene Sedimentary Marl and other Marl and siltstone 

Miocene-Pliocene 
Volcanic-
Sedimentary Tuff and other Tuff, sandstone, siltstone, conglomerate 

Oligocene Volcanic Andesite and other Basaltic andesite and trachyandesite 
Oligocene Plutonic Aplite Aplite 
Oligocene-
Miocene Plutonic Syenite Nepheline syenite 
Paleocene Sub-volcanic Sub-volcanic Dykes, sills, sub-volcanic intrusions 
Paleocene-Lower 
Eocene Volcanic Submarine volcanic and other 

Submarine volcanic, pyroxene andesite, 
analcime tephrite and trachyte 

Pliocene Volcanic Ignimbrite Ignimbrite 

Pliocene 
Volcanic-
Sedimentary 

Volcano-sedimentary 
Conglomerate Volcano sedimentary conglomerate 

Pliocene-
Quaternary Sedimentary Lacustrine deposits Lacustrine deposits 
Pliocene-
Quaternary Volcanic Trachyandesite and other 

Trachyandesite, dacite, rhyodacite flows 
and volcanic dome 

Poorly 
consolidated 
conglomerate Sedimentary Conglomerate Poorly consolidated conglomerate 

Precambrian 
Metamorphic-
Volcanic Schist  and other Chlorite sericite - schist and crystal tuff 

Quaternary Sedimentary Alluvium 
Recent alluvium and Young terraces and 
alluvial fan 

Quaternary Sedimentary Gravel fan Old terraces 
Quaternary Sedimentary Lahar and other Lahar and conglomerate 
Quaternary Sedimentary Limestone Young terraces, fresh water limestone 

Quaternary Metamorphic Mica schist 
Andalusite and cordierite mica schist, 
amphibolite, marble and metadiabase 

Quaternary Sedimentary Moraine Moraine deposit 
Quaternary Sedimentary Salt flat Salt flat 
Quaternary Sedimentary Siltstone and other Silt, conglomerate and travertine 
Quaternary Sedimentary Terraces High level terraces 
Quaternary Sedimentary Travertine Travertine 



Table 6. calculations landslide susceptibility classes and comparison with landslide evolution factors

 

Area per factor class  A rea per Land slide susceptib ility class  (%) Factors Class 

% High Moderate Low No 
Alter ed  zone   0 .130 0 .42 0 .21 0 .11 0  

Metamorphic- Plutonic 0 .135 0 .85 0 .065 0 .004 0  
Pluton ic 0 .45 1 .76 0 .875 0 .246 0  
V olcanic  25.55 26.48 34.94 23.87 1.40  
Metamorphic-Volcanic 0 .65 3 .84 0 .37 1 .13 0  

 
V olcanic-Sedimentary 3 .21 0 .72 4 .25 3 .70 1.14  
Sedimentary-Volcanic  2.5 4 .91 1 .99 0 .85 0  
Sedimentary  67.375 61.02 57.30 70.65 97.46 

lit
ho

lo
gy

 

Sum 100 100 100 100  100 
0-1000 29.70 55.15 22.91 3 .80 0  
1001-2000 17.36 18.13 14.06 5 .05 0  
2001-3000 10.51 6 .60 10.24 5 .51 0  
3001-4000 7 .95 4.7  7 .76 6 .42 0  
4000 < 34.48 15.42 45.03 79.22 100 D

is
ta

nc
e 

to
 

fa
ul

t (
m

) 

Sum 100 100 100 100  100 
Settlement 1 .97 0 .001 1 .09 4 .08 0.79  
O rchard  and croplands 14.67 1 .14 11.05 24.68 8.45  
D ry-Farming and  
pasture lands 

66.5 78.52 75.35 54.59 0.21  

Bare soil 8 .92 0  0  13.16 90.52 
Rock bodies  7 .94 20.339  12.41 3 .49 0.03  

La
nd

 u
se

/ c
ov

er
 

Sum  100 100 100 100  100 
250 > 35.16 0 .68 22 .2 64.621 98.27 
251-300 40.37 33.93 45.71 34.27 1.73  
301-350 16.27 47.35 20.69 0 0  
350-400 6 .32 10.10 8 .97 1 .10 0  
401-485 1 .87 7 .94 2 .43 0 .009 0  Pr

ec
ip

it
at

io
n 

(m
m

) 

Sum 100 100 100 100  100 
0-25 1 .64 2 .28 0  0 .91 0  
26-50 1 .52 1 .70 4 .44 1 .07 0 .086 
51-75 1 .52 1 .28 51.02 1 .24 0.11  
76-100 1 .46 0 .96 4 .44 1 .43 0.13  
100 < 93.86 93.78 40 .1 95.35 99.674 D

is
ta

nc
e 

to
 

ro
ad

s 
(m

) 

sum 100 100 100 100  100 
0-50 15.47 19.34 16.62 11.80 0 .087 
51-100 14.42 23.66 14.53 11.26 0.23  
101-150 12.67 17.89 12.47 10.54 0.68  
151-200 10.72 11.15 10.23 10.09 0.93  
200 < 46.71 27.96 46.15 56.31 98.073 D

is
ta

nc
e 

to
 

st
re

am
 (m

) 

 100 100 100 100  100 
0-10 58.36 4 .80 48.15 82.12 99.95 
 10.1-20 14.02 8 .23 17.05 10.19 0.37  
20.1-30 10.58 14.16 13.73 4 .8  0 .004 
30.1-40 7 .54 21.76 9 .70 1 .81 0.07  
40.1  < 9 .50 51.05 11.37 1 .08 0 .006 Sl

op
e 

(°
) 

Sum 100 100 100 100  100 
Flat 22.04 0 .75 12.64 38.16 78.07 
N orth 25.06 18 .5 26.57 24.42 1.23  
East 6 .89 10.76 7 .98 4 .43 0.57  
W est 12.83 12.05 39.07 13.31 19.71 
South 33.18 57.94 13.74 19.68 0.42  

A
sp

ec
t 

 

Sum  100 100 100 100  100 
1260-1400 22.36 0 .24 15.91 31.76 97.29 
1401-1800 36 15.87 31.79 50.30 1.81  
1801-2500 35.42 73.10 45.36 13.30 0.51  
2501-3000 4 .09 10.53 5 .47 3 .44 0.26  
3001-3710 2 .13 0 .26 1 .47 1 .2  0.13  

El
ev

at
io

n 
(m

) 

Sum 100 100 100 100  100 
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RESULTS & DISCUSSION
In this study the AHP method was applied to

develop a landslide susceptibility map for the Urmia
lake basin which is located in north-western Iran. Nine
landslide causal factors were taken into consideration,
which include aspect, slope, elevation, distance from
streams, lithology, distance from roads, distance to
fault, precipitation and land use/land cover. These
parameters were extracted and calculated from their
associated database. The factors were evaluated, and
then factor weight and class weight were assigned to
each of the associated factors finally datasets are
combined by weighted overlay techniques and a
landslide susceptibility map of the study area is created
(See Fig. 4b and c). The influences of factors on the
landslide susceptibility map were evaluated
qualitatively to selection of positive factors and
improve the prediction accuracy of the landslide
susceptibility map (Table 6). Based on the result of
the obtained susceptibility map, high susceptible
zones cover about 4.47% (944 km2) of the total area
while about 61.25 % (12197.29 km2) were classified as
being the moderately susceptible and 31.25 % of case
study area (6224.71 km2) were classified as a low
susceptible. Remarkably, only 2.72% of case study area
(541.85 km2) was classified to having no susceptibility
for landslide.  In respect to the causative forces this
study revealed that the most sensitive classes to
landslides in the Urmia lake basin are the factors
geology formation and seismicity. In particular, those
Quaternary deposits, sedimentary and volcanic
formations that are located within less than 1000m meter
distance to existing faults and which are at the same
time located on slopes steeper than 10° are potentially
were highly susceptible for landslides.

The landslide susceptibility map was tested based
on the known landslide locations within the study area.
The landslide inventory map of the Urmia Lake Basin
comprises 132 landslide events (MNR, 2010), which
are used for the validation of the results of this research.
The comparison reveals that about 21.2 % of known
landslides in the case study area fall into the high
susceptibility category, while about 75.7 % of the
current (known) landslides fall into the moderately
susceptible category and about 3.1% of all landslides
are covered by the low susceptibility class. However,
no single landslide event occurs in an area classified
to have no susceptibility. Particularly the extreme
values for high susceptibility and no susceptibility
prove the capability of GIS-MCDA for landslide
susceptibility mapping.

Landslides are natural phenomena which often
have detrimental consequences. Existing landslides and
landslide susceptibility can be systematically assessed

using different factors and methods. For this study -
and for many other studies cited herein - the major
underlying assumption is that movements and
landslide predisposing factors in the future will be
similar to those verified in the past. From the large
body of literature in this field - only a fraction could be
referenced in this paper - we may conclude that
predictions of future landslides are possible in a
spatially differentiated although not in terms of time.
This is one of the reasons that the term ‘susceptibility’
is increasingly used.

In this study a landslide susceptibility map has
been constructed using a GIS-based MCDA approach
(AHP). Results indicate that geological formations are
a major controlling factor for landslides in the Urmia
lake basin. The lithological units comprise several
formations as presented in Table 5. From the resulting
landslide susceptibility classes and from comparisons
with landslide evaluation factors (Table 6), it can be
concluded that the most susceptible groups for
landslide occurrence fall into areas of particular
geological formations. Geological outcrops have a very
high susceptibility. Particularly dangerous are
combinations of sedimentary layers (61.02 % of high
susceptibility) and volcanic formations such as
volcanic ash (26.48 % of high susceptibility). The
seismicity factor can only be approximated. In this
study, it was evaluated based on distances to faults.
Nevertheless, also this second geological factor
revealed a strong relationship with landslide
susceptibility. The first category of distance to fault
(0-1000m) covers about 55.15 % of all high
susceptibility area.

Next to the geological factors, precipitation also
turned out to have a strong relationship with landslide
occurrence: areas with more than 300 mm precipitation
cover about 65.39% of the total high susceptibility area.
Areas with precipitation less than 300 mm cover only
24.46% of the case study area. The combination of the
resulting susceptibility map and the land use indicates
that the most hazardous categories were in dry-farming,
pasture lands as well as rock bodies (78.52% and
20.34% high susceptibility, respectively). The
relationship between landslide occurrence and slope
showed that gentle slopes had a low susceptibility of
landslide because of the generally lower shear stresses.
At slope of 10° or less, the high susceptibility ratio
was 4.80%, indicating a low probability of landslide
susceptibility. For slopes above 10.1°-20°, the ratio
8.23% which indicated higher probability of landslide
susceptibility however the highest rate of landslide
susceptibility was in slope greater than 40° (51.05% of
high susceptibility). The areas with slope steepness
greater than 40° covered less than 9.50% of the area
and are mostly covered by bedrocks including volcanic
formation such as Tuff, sandstone, siltstone and
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conglomerate. South slopes also indicate a relationship
with landslide susceptibility; this category covered
57.94 % of high susceptibility area of aspect criterion.
Elevation also has a high relationship with landslide
susceptibility. In this study area elevations from 1800
to 2500 cover 73.10% of the high susceptibility area.
Elevation is certainly correlated with climate conditions
which also influence mass movement and landslide.
This research shows that both high precipitation and
high elevation are important factors for landslide
susceptibility in the Sahand Mountains. Meso-and
microclimates are dominated by topography and,
specific to the Sahand Mountains, by the impact of
westerly winds. These winds are the most important
source of precipitation in northern Iran, originating
from the Mediterranean Sea. The Sahand Mountains
act as a climatic barrier and cause convectional
processes on the previously mentioned slopes. They
also cause the Edafiki processes that result in high
precipitation (Alijanei, 2000) which makes these
unstable slopes very susceptible to landslides.

The only anthropogenic factor - except for land
use/cover - we could use in the AHP was the road
network. Distance to roads also turned out to have a
strong relationship with landslide occurrence.
According to literature and to local experts, this could
be mainly being the result of cutting slopes during
road construction and subsequent erosion processes.
It turned out that the closer the distance to the road
was, the greater the landslide probability was. It can
be seen from table 6 that distance classes of 0-25 and
25-50 meter together account for about 3% of the total
study area but for about 8% of the classes high and
moderate landslide susceptibility. Drainage networks
(distance to stream) also show a strong relationship
with landslide occurrence. The distances classes 0-
50m and 50-100m together account for 39.9% of the
study area but for about 78% of the categories high
and moderate susceptibility.

 Fig. 4, a) Annual average precipitation map, b) landslide susceptibility map, c) 3D landslide susceptibility map,
d) Landslide hazard and settlements in case study area

a)

c)
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CONCLUSION
Based on landslide susceptibility map, high

susceptible zones were covering most of the landslides
that occurred in the unstable slopes over the last
several years have been induced by precipitation
(MNR, 2010). It is known that the role of precipitation
as triggering mechanisms of landslides is strongly
influenced by the landscape dynamic and geology. In
Urmia lake basin landscapes are common, and rainfall
and snowmelt (especially snow melting of Sahand
glacier) often have the potential for initiating slope
failures. Susceptible stratigraphy as well as weathering,
contribute much for the occurrence of landslides in
this area. With conditions conducive to the
development of slope instability being in place in
several areas, there was a demand to conduct landslide
susceptibility mapping. Prepared landslide prediction
map could be the basis for decisions making. The
information provided by this map could help citizens,
planners and engineers to reduce losses caused by
existing and future landslides by means of prevention,
mitigation and avoidance. If the factors relevant to the
tectonic activity, vulnerability of buildings and other
property were available, a hazard and risk analysis could
also be done. Results of this research could be useful
for explaining the known existing landslide, making
emergency decisions and relieving the efforts on the
avoidance and mitigation of future landslide hazards
(Fig. 4d). So far, in Iran as presumably in many other
parts of the world, hazard maps and risk maps usually
incorporate estimated frequencies of landslides and
are not based on quantitative measures and models
which utilize the knowledge about existing landslides
for susceptibility maps. Landslide hazard zoning have
mainly been used to manage landslide hazard risk in
urban areas by either limiting development in some
known hazard-prone areas, and/or to requiring
geotechnical engineering assessment of slope stability.
It was – and still is – difficult to develop accurate maps
for larger areas and particularly for areas which are
less inhabited and the pressure on the planning
authorities is not so high. In the future, this type of
model-based susceptibility maps will be more and more
accepted by local experts as we see already from this
study. Future development will also include actions to
explicitly designate areas in agricultural land use
planning. However, in cultural landscapes the
“ecological and socio-economic realms are intricately
linked” (Blaschke, 2006, 201). This requires to taking
more data sets into account beyond the physio-
geographical, geological and infrastructure data layers.
If the calculations will not get too complex so that they
can still be understood by local planners and decision
makers as in this study, such maps should ultimately
enable: a) a better understanding of existing landslides

and their origins, b) supporting emergency decisions
and c) prioritization of efforts for the reduction and
mitigation of future landslide hazards.
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