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Abstract The purpose of this study is to produce the

Landslide susceptibility zonation map for Poulrood earth fill
dam reservoir with using fuzzy muti criteria decision
analysis and fuzzy logic methods. To obtain the Fuzzy
relations for producing the susceptibility map, a landslide
inventory database is obtained by both field surveys and desk
studies. To produce susceptibility map with User define and
Gaussian functions then landslide related parameters such as
lithology, distance from faults, distance from drainage, slope
angle, slope aspect, slope curvature, distance from road,
NDVI, earth quick horizontal acceleration and Precipitation
were used in the landslide susceptibility analysis. The results
obtained in this study showed that the frequency ratio can be
used as a simple tool in assessment of landslide susceptibility
when a sufficient number of data were obtained. The
prediction performance of the susceptibility map is checked
by considering quality sum amount ( Qs ). According to
landslide susceptibility index for different parameters, it was
found that the aspect, lithology and drainage system are the
most effective parameters in the study area. With
investigation get values of quality sum index( Qs ),
landslide density for two types of function in two
methods(fuzzy logic and Fuzzy multi criteria decision
analysis) and attention to good work of operator Gamma
in landslide susceptibility mapping, produced map with
Gaussian function and Gamma0.7 operator (fuzzy logic
method) has topmost quality.
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1. Introduction
Landslides may occur as a consequence of a number of
determining and triggering factors [1, 2]. Slope instability
research and susceptibility mapping is a fundamental

component of hazard management and an important basis for
provision of measures aimed at decreasing the risk of living
with landslides [3]. A landslide susceptibility map describes
areas where landslides are likely to occur in the future by
correlating some of the principal factors that contribute to
landslides with the past distribution of landslides [4]. Iran is
a developing country with a complex geology, active
seismicity and seasonal rainfall. These factors have a great
influence on the development of natural hazards, including
landslides and other type of ground mass movements which
may result in loss of life and damage to the economy. Since
build poulrood earth fill dam, this dam is second great dam in
Guilan province that will provide drinkable water and
agricultural water in east part of Guilan Province. So study of
poulrood earth fill dam reservoir is important because in
previous years, there were landslides in the region due to
climate conditions and geologic and geomorphologic
characteristics as well as human activities such as
deforestation and road construction. So need to apply to
methods for prevent and decrease of dangers consist of this
phenomenon. During the last three to four decades, there
were many studies that have applied different methods to
analyze landslide and to create landslide susceptibility
mapping. Saboya et al [5], Tangestani [6] and Gorsevski and
Jankowski [7] have used Fuzzy Logic to model landslide
distribution. Lee et al. [8] and Gupta et al. [9] have shown
better results from application of artificial neural network
black box approach. Fuzzy multi criteria decision analysis
was another procedure that was applied by Pourghasemi et al.
[10]. The purpose of the present work is to produce the
landslide susceptibility map of a landslide prone area in the
poulrood earth fill dam reservoir in Iran by using Fuzzy logic
and Fuzzy multi criteria decision analysis. In this article, we
will compare of results of fuzzy logic and fuzzy multi criteria
decision analysis methods. In two methods, we use of
Gaussian and User define fuzzy functions. For evaluate
weights of every changeable, use of Expert choice software.
In this investigation instead of Matlab software, use of Arc
GIS10 Software. This software has fuzzy tool-box that
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increase speed of machine work. User define functions were
generated by using of the Membership degrees in the Idrisi
software environment. These maps were transferred to the
Arc GIS10 software environment.

2. The study Area
The study area is situated in the SE part of Guilan
Province, north Iran (Fig.1). It is located between longitude
50° 25’ and 50°29’ east and latitude 36°92’ and 36° 99’ north.
The study area is 30.568 km2. Poulrood dam reservoir move
to north –south that is between sedimentary and volcanic
units of second period. Reservoir area is 2.6 km2.

an object is a member of a set if it has a membership value of
1, or not a member if it has a membership value of 0. In fuzzy
set theory, membership can take on any value between 0 and
1 reflecting the degree of certainty of membership [6]. When
using fuzzy logic in landslide susceptibility mapping the
spatial objects on a map are considered as members of a set.
A variety of operators can be employed to combine the
membership values when two or more maps with fuzzy
membership functions for the same set are available [6]. In
the study fuzzy gamma operator is used. Fuzzy gamma
operator is a compromise between increasing tendencies of
the fuzzy algebraic sum and the decreasing effect of the
fuzzy algebraic product. With γ (gamma) the decreasing or
increasing tendency can be controlled.γ (gamma) is a
parameter chosen between 0 and 1. When γ is 1 the
combination equals the fuzzy algebraic sum, when γ is 0 the
combination equals the fuzzy algebraic product.

4. Fuzzy Multi Criteria Decision
Analysis
MCDA for structuring decision problem and
evaluation/selection alternatives provides the management
team has already a rich collection of methods [12]. Although
many techniques have been applied to MCDA, the target of
conventional MCDA based on GIS research principally
involved application to field around the spatial data and
spatial analysis [13]. In order to overcome the shortcomings,
fuzzy set principle is used to integrate MCDA to determine
the best alternative [14]. The FMCDA has been widely used
to deal with decision making problems involving multiple
criteria evaluation/selection of alternatives [15]. As the
foundation of fuzzy theory put forward by Professor Zadeh
[11], was also the extension of traditional aggregation
conception[16].
There are various types of fuzzy functions and its
nomenclature is, in general, associated with its format, such
as: sine functions, bell shape, polygonal, triangular,
trapezoids and so on. This fuzzy model is transformed into
crisp (deterministic) by implementing an appropriate
membership function. So, the model can be classified into
two classes. If any of the objective functions, constraints, and
membership functions are linear, then the model will be
LFMOOP[17]. But, if any of the objective functions and/or
constraints and/or membership functions are nonlinear, then
the model is described as NLFMOOP[17]. The fuzzy
multi-criteria model that can be written as follows[17]:

Min Z ≅ [ Z1 ( x), Z 2 ( x),..., Z k ( x )]T
S

Figure 1.

location map of the study area

Where
~

3. Fuzzy Logic

The idea of fuzzy logic [11] is to consider the spatial
objects on a map as members of a set. In classical set theory,

~ ~

S = {x ∈ X A x ≤ b, x ∈ R n , x ≥ 0}

.

5. Preparation of Landslide Inventory
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slope angle, slope curvature, slope aspect maps are obtained
from the DEM of the study area. Slope angle is a major factor
The first step is identifying and evaluating landslide prone influencing the development of landslides in an area. As the
areas, and constructing a landslide inventory map for future slope angle increases, the weight and consequently the
use [18]. Landslide inventory mapping is the systematic volume of material affected per unit area will also
mapping of existing landslides in a region using different increase[22]. The type of slope in any area is closely related
techniques such as field survey, air photo interpretation and to the strata and geological history of region [22]. Slope is
literature search for historical landslide records [19]. classified into ten categories. The slope aspect can influence
Landslide inventory map of the study area was prepared by the distribution and density of landslides by controlling the
means of 1:25,000 –scaled topographic map interpretations concentration of soil moisture [23]. The slope aspect is
and extensive field studies. These maps divided them into referred to as the direction of maximum slope of the terrain
surface [24]. It is divided into ten classes (on basis of
training and validation datasets (Fig. 2,5).
azimuth). The next type of DEM-derived topographical data
used in this study is for curvature. The curvature represents
the morphology of the topography [25]. The plan and profile
slope curvature are divided into ten classes (included
positive value, negative value and zero value). The faults in
the study area are considered as the structural elements and
make the materials where landslides occur more susceptible
to sliding because of material weakening, stress
accumulation or tectonic activity in different distances. The
distance of faults calculated using the vectorised fault lines
(Javaherdasht sheet at the scale of 1:100,000) by applying
the distance function available in the Arc GIS and divided
into five classes (limited for 1100m). Streams may adversely
affect stability by eroding the slope or by saturating the lower
part of material until the water level increases [26, 27]. The
distance from drainage was calculated using the vectorised
drainage lines ( the scale of 1:25,000) by applying the
distance function available in the Arc GIS. It is divided into
five classes (limited for 415m). Landslides are greatly
controlled by the lithology properties of the land surface.
Since different lithologic units have different landslide
susceptibility values. Therefore, a lithology map of the study
area is generated from the existing geology map
(Javaherdasht sheet) at the scale of 1:100,000 and seven
sheets at the scale of 1:2,500 from Mahabghods Company
(Fig. 3). Similar to the effect of the distance to drainages,
landslides may occur on the road and on the side of slopes
affected by roads [28, 29]. A road constructed beside slopes
causes a decrease in the load on both the topography and on
the toe of slope [30]. For this reason, five different buffer
areas are created on the path of the road to determine the
Figure 2. Landslide inventory map of the study area for training
effect of the road on the stability of slope. Precipitation map
Parameter maps that are used in this study area can be of the study area is generated from statistics of fourteen
divided into three groups such as geological, topographical aerology stations (Toullat, Mosakelaye, Shah Shahidan,
and environmental parameters. The parameters are slope Peerkoh, Shalman, Lahijan, Kiakelayeh, Bijar, Shirood,
angle, Aspect slope, curvature, lithology, distance of drainge, Kakrood, Bibalan, Deylaman, Diarjan, Haratbar) and then
distance of fault, distance of road, precipitation map, seprate relevant boundary of others(Fig4). Considering to
horizontal acceleration earthquake and normalized two important landslides boundary are in near of branch
difference vegetation index (NDVI). The size of pixels of strike slip Binaksar fault. In this situation we decided that
landslide inventory and all parameter maps is chosen as valuate amount of horizontal acceleration earthquake in
10×10 m as the working scale is selected as 1:25000. points with minimal 6 km distance of Binaksar fault by using
Different topographical parameters (such as slope angle, formula of Bozorgnia and Campbell [31] and generate map
slope aspect…) are widely acknowledged in the literature in of horizontal acceleration earthquake. Then separate relevant
different works (for example, Ercanoglu and Gokceoglu [20]; boundary of this map. In this study, the NDVI was used as an
Pourghasemi et al. [10]; Ram Mohan et al [21]). In the study, environmental parameter. The NDVI is a measure of surface
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reflectance and gives a quantitative estimate of vegetation
growth and biomass [32]. Very low values of the NDVI (0.1
and below) correspond to barren areas, sand or snow.
Moderate values (0.2-0.3) represent shrub and grass lands,
whereas high values (0.6-0.8) indicate temperate and tropical
rain forests [33]. The NDVI was calculated from the
following formula.

NDVI = ( IR − R) /( IR + R)

(1)

Where IR is the infrared portion of the electromagnetic
spectrum and R is the red portion of the electromagnetic
spectrum. To calculate NDVI is used of IRS (LISS) satellite
picture (2006) and Idrisi software.

Figure 4.

location map of the precipitation stations

6. Landslide Susceptibility Index
Frequency ratio method presented by Lee and Talib [34] is
the new method in landslide studies (Eq. 2). For every class
of data layers, frequency ratio is calculated by the
combination of landslide map with landslide inventory map
(Table.1). The Fr was calculated from the following formula.

Fri =

N Pix ( Si ) N Pix ( N i )

∑N

Pix ( S i )

∑N

(2)

Pix ( N i )

N Pix ( Si ) : The number of pixels containing slide in class (i),
Legend Lithology
Jkl: Grey to cream thin bedded to massive limestone, in part with chert
nodules and layers
Kv: Collvium
Nq: neogenic conglomerate
Qal: Recent loose alluviums
Qs: Scree and rock falls
Qt: Old terraces
Tc:trachyte
D: Basic to intermediate dyke and sill
Jks: Alternation of sandy limestone, sandstone, shale, and limestone with a
volcanic member(v).
K2pv: Bassic volcanic rocks, in parts with pillows structure and
amygdaloidal texture and intercalation of intermediate pyroclastic rocks.
Sn syenite

Figure 3.

geology map of the study area

N Pix ( N i ) : Total number of pixels having class (i) in the
whole area of basin,
containing landslide,

: Total number of pixels
∑N
∑ N Pix ( N ) : Total number of pixcels in
Pix ( S i )
i

the whole area of basin. To calculate the Landslide
Susceptibility Index (LSI), each factor’s frequency ratio
values were summed to the training area as in equation (3).

LSI = ∑ Fr

(3)
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Table 1. frequency ratio table of classes with high importance of parameters
Parameters

LSI

Class of factor
with high
importance

Number of
pixel without
slide

Percent of
pixel without
slide

Number of
slide pixel

Percent of
slide pixels

(Frequency
Ratio)

Slope

18.64

16.71-22.49

39532

12.94

1215

15.88

3.17

Aspect

25.68

252-288

30169

9.87

1100

14.37

3.78

Lithology

24.56

Qs

13267

4.32

82

1.07

13.81

Distance of fault

12.88

405.21-604.64

38244

12.39

1293

16.90

3.49

NDVI

13.67

0.274

6656

12.72

259

18.44

4.04

Distance of
drainage

23.69

0-37.36

47272

42.51

4287

56.03

9.9

Distance of road

7.9

0-273.13

126383

41.202

4823

63.04

3.96

Horizontal
acceleration
of earthquake

3.23

2.436

244079

79.566

7650

100

3.23

Precipitation

4.12

1433

209561

68.293

7228

94.843

3.57

Curvature

5.07

6.92

288893

94.58

98.30

2.67

In the relation analysis, the ratio is that of the area where
landslides occurred to the total area, so that a value of 1 is an
average value. If the value is greater than 1, it means a higher
correlation, and value lower than 1 means lower correlation
[35, 36]. By considering the Frequency ratio values,
susceptibility levels have assigned to the input data, resulting
in fuzzy membership degree values. The effective parameter
maps have been combined using the fuzzy gamma operator
(Fuzzy method). By considering the Landslide Susceptibility
Index (LSI), local priority for every parameter have assigned
in the Expert choice software. Effective parameter maps
have been standardized in the environment Arc GIS and
Idrisi Softwares by Guassian and User define functions.
Then fuzzy maps for every parameter have been multiplied
in the local priority values. In the end effective parameter
maps have been combined by using the fuzzy gamma
operator (Fuzzy multi criteria decision method).

7520

pixels. Landslide density values for each of the susceptibility
zones (i.e., VHS, HS, MS and LS) were calculated (table 2, 3,
4). Usually, an ideal landslide susceptibility map shouhd
have the highest landslide density for VHS zone as compared
to other zones and there ought to be a decreasing trend of
landslide density values successively from VHS to LS zone
(Fig. 6). From the table (2) it could be observed that landslide
density values for very high and high susceptibility zones are
6.33 and 3.21 respectively which are remarkably higher than
the other zones. Further, there is a gradual increase in density
values from low to very high susceptibility zone and there is
also considerable separation in these values. This reflects the
validity of the landslide susceptibility map with existing
slope instability conditions.

7. Validation of Landslide Susceptibility
Maps
The landslide susceptibility maps were provided with
different methods. The selection of the suitable map using Dr
and Q s indices for maps and their susceptibility classes
were prepared using the combination of the landslide
susceptibility map obtained from the methods with the
landslide inventory map of the study area for validation
(Fig.5).
7.1. Map Validation Based on Landslide Density Ratio
(Dr)
Landslide density is defined as the ratio of the existing
landslide area to the area of each landslide susceptibility
zone[37], and is calculated here on the basis of the number of

Figure 5.

Landslide inventory map of the study area for validation
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Figure 6. chart of density ratio versus landslide susceptibility arenas with fuzzy logic method
Table 2. The resultsof quality evaluation for produced map with Gamma0.7 operator and Gaussian function (fuzzy logic method)
Susceptibility
class
Low

membership degree of Gaussian
Operator Gama0.7
0-0.25

Moderate

0.25-0.50

High
Very high

(DR-1)2×A

%land slide

%susceptibility area

DR

23.68

46.77

0.50

0.52

32.07

40.95

0.78

0.019

0.50-0.75

34.53

10.73

3.21

0.52

0.75-0.98

9.70

1.53

6.33

0.43

Qs

1.51

Table 3. The results of quality evaluation for produced map with Gamma0.7 operator and User define function (fuzzy logic method)
Susceptibility
class
Low

Membership degree of User define
Operator Gama0.7
0-0.25

Moderate

0.25-0.50

High

0.50-0.75

Very high

0.75-0.85

DR

(DR-1)2×A

45.86

%susceptibility
area
91.09

0.50

0.22

45.77

8.03

5.69

1.77

8.36

0.83

10.03

0.68

0

0.03

0

0.0003

%land slide

Qs

2.67

Table 4. The results of quality evaluation for produced map with Gamma0.95 operator and User define function (Fuzzy multi criteria decision method)
Susceptibility
class
Low

Membership degree of User define
Operator Gama0.95
0-0.25

DR

(DR-1)2×A

42.26

%susceptibility
area
90.10

0.46

0.2540

Moderate
High

0.25-0.50

57.7

9.89

5.83

2.3148

0.50-0.75

0

0

0

Very high

0

0.75-1

0

0

0

0

%land slide

Qs

7.2. Map Validation Based on Quality Sum Index (

2.56

Qs )

Quality sum ( Q s ) index was used for the evaluation of

fuzzy logic and fuzzy multi criteria decision analysis
methods accuracy. Landslide susceptibility classified into
four susceptibility classes and landslide susceptibility map
with higher quality sum index of the study area was produced
(Fig.7). Quality sum ( Q s ) index is obtained using Eq. (4) as

follows:

n

2

Qs = ∑ (Dr − 1) s
i =1

(4)

Where:

Q s = Quality sum, Dr=Density ratio,S= Susceptibility

class area/Watershed area, N= Susceptibility class number.

8. Results and Discussion
The following results and conclusions can be drawn from
the present study.
Slope angle, slope aspect, lithology, distance to fault,
distance to road, distance of drainage, precipitation,
horizontal acceleration earthquake, normalized difference
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vegetation index (NDVI) and slope curvature maps are
considered as the conditioning parameters of the landslides.
The results of frequency ratio analyses revealed that the
classes of 16.71-22.49 of slope, the class of 252-288(N, NW)
of aspect, the class of 0.274 (bare soils and grasslands) of
NDVI, the class of 405.21-604.64 m of distance to faults, the
class of 0-37.36 m of distance to drainge, the class of 0-273
m of distance to roads, the class of 2.43 gal of horizontal
acceleration of earthquake, the class of 1433mm
precipitation, the class of 6.92 of curvature and the class of
Qs of lithology map have higher frequency ratio than the
other classes.
The results of landslide susceptibility index (LSI) revealed
that the most important parameters in the occurrence of
landslides were slope aspect, lithology and distance of
drainage map. These parameters have higher landslide
susceptibility index (LSI) than the other parameters.
The landslide susceptibility map with fuzzy logic method
( Guassian function and Gamma0.7 operator) has a gradual
increase in landslide density values(DR) from low to very
high susceptibility zone and there is also considerable
separation in these values than the other maps.
The produced landslide susceptibility map with fuzzy
logic method ( user define function and Gamma0.7 operator)
has most quality sum value than the other maps.
Comparison of output susceptibility maps using
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9. Conclusions
The fuzzy logic method is subjective and depends on
expert knowledge. Fast and feasible analysis of landslides
can be carried out by using fuzzy logic. Data collection and
manipulation and the analysis of the necessary
environmental data for landslide susceptibility analysis can
be done very cost effective [38]. One of the most important
advantages of fuzzy gamma is the inexpensive fast
application by combining few available information.
Different scenarios can be examined by GIS operators,
because of the flexible combination of input maps. In this
paper, GIS, fuzzy multi criteria decision-making (FMCDM)
and fuzzy logic are applied to solve the landslide susceptible
areas recognition problem and to develop a ranking of the
potential landslide areas based on a variety of criteria and
gamma values. This landslide susceptibility map can be used
as a planning tool but would rather not be recommended for
individual site specific evaluation. Areas within the high and
very high susceptibility categories should require further
study by engineering geologists before development to
determine the extent of possibly unstable conditions. This
study has shown that fuzzy approach correctly determines
the susceptible zone than the fuzzy multi criteria decision
approach.

Q s and

Dr values revealed that the landslide susceptibility map with
fuzzy logic method ( Guassian function and Gamma0.7
operator) gives more resonable results.
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