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Abstract 

The identification of natural hazard prone areas for future planning requires an efficient decision 

support tool to provide the appropriate weights for the various topographical, geological, and 

seismological factors responsible for the expected hazards. In the present study, an analytical 

hierarchy process (AHP) with six earthquake hazard parameters (EHPs) was used as a decision 

support system for the identification of earthquake triggered hazards in the Dam Siyaho region of 

the South Khorasan province (Eastern Iran). The pairwise comparison matrix and the final weights 

for all the EHPs during the implementation of AHP were calculated with an acceptable limit of 

consistency ratio. A GIS-based integrated analysis was carried out on all the selected attributes to 

generate the final hazard and microzonation map. From the analysis, it was observed that 10.21 % 

of the region falls under a very high or high hazard category. The very high seismic hazard zone is 

located in the south region of case study, while the eastern and northwestern regions show low to 

very low hazard. The result of the study may be used as a first-level hazard and reliability map in 

selecting the appropriate earthquake resistant sites in designing the forthcoming new buildings 

against the potential seismic hazard of the case study. 

Keywords: Seismic microzonation; Seismic hazard; GIS; Dam Siyaho; South Khorasan province; 

Iran. 

1- Introduction 

The Iranian plateau is located between two 

plates of Eurasia and Arabia as a part of the 

Alpine–Himalayan orogenic belt and is among 

the world’s most active seismic areas. Tectonic 

activities in this scope are the result of 

northward Arabian plate movement towards 

Eurasia and reveal the convergence of these two 

plates (Berberian, 1981; Hessami et al., 2006; 

Allen et al., 2004). GPS studies show that the 

Arabian plate is moving about from 21 to 25mm 

northward each year (Sella et al., 2002; Vernant 

et al., 2004). The result of this movement on the 

Iranian plateau is varied due to the existence of 

different geological structures in different 

locations (Hessami et al., 2006), such that the 

amount of movement is up to 18mm per year in 

the Makran subduction zone and 8mm in 

Koppeh Dagh. There are also westward 

movements of about 8mm per year in the 

Zagros and Alborz mountains (Fu et al., 2007). 

These overall earthquakes have created heavy 

physical and financial damages to the area. An 

example is the Bam earthquake (2003, Mw: 6.6) 

which left over 30 000 killed, 10 000 injured, 

100 000 homeless and devastated more than 

80% of houses (National Report of the Islamic 

Republic of Iran on Disaster Reduction, 2005). 

Statistically, it can also be stated that during the 

last 100 years, the Iranian plateau has 

experienced 14 major earthquakes with the 

magnitude of 7 (on Richter scale) and 51 

earthquakes with the magnitude of 6 to 7. 
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Earthquakes in Buin-Zahra (1962, Ms: 7.3), 

Dashte Bayaz (1968, Ms: 7.3), Tabas (1978, 

Ms: 7.8), Sirch (1981, Ms: 7.3) and Manjil 

(1990, Ms: 7.7) are some such examples (Mahdi 

and Mahdi, 2013). 

Since several factors determine the seismic 

vulnerability of a city and all of them have to be 

studied simultaneously, multi-criteria decision-

making (MCDM) techniques can be used in 

order to fill this gap. MCDM follows a 

collection of methods through which techniques 

and algorithms utilized to solve complex 

decision-making covering a wide range of 

choices and assessed by multiple, conflicting 

and incommensurable criteria as well as 

developing, assessing and prioritizing of 

decision-making alternatives can be used 

(Malczewski, 1999; Suárez-Vega et al., 2011). 

Since geographical information system (GIS) 

facilitates vulnerability studies and natural 

hazards analysis as a useful tool for managing, 

controlling, processing and analyzing the spatial 

data (Rashed and Weeks, 2003; Gamper et al., 

2006; Almasri, 2008), utilizing GIS-based 

multi-criteria decisionmaking (GIS-MCDM) 

developed by Malczewski (2006) provides the 

possibility of prioritizing and combining the 

spatial criteria from different location and 

description viewpoints and eventually making 

comprehensive decisions. Different GIS-

MCDM techniques are available depending on 

the required operations in order to acquire the 

final assessment from alternative solutions; 

analytic hierarchy process (AHP) is one of 

them. 

AHP is one of the most comprehensive 

algorithms developed for decision-making with 

multi-criteria because it allows for 

hierarchically formulizing the complex 

problems; there is also the possibility of 

considering different quality and quantity 

criteria simultaneously (Chen et al., 2008). 

Thus, for solving complex spatial problems the 

combination of AHP with GIS resolves many 

issues. As a result, a great body of research has 

been conducted to assess the vulnerability of 

cities to natural events including earthquake via 

AHP and GIS, among which Chen et al. (2001), 

Rashed and Weeks (2003), Cutter et al. (2003), 

Servi (2004), Ebert et al. (2009), Schmidtlein et 

al. (2008), Botero Fernández (2009) and 

Nefeslioglu et al. (2013) are only examples. 

2- Preparation of Hazard Map 

The hazard maps should include information on 

the nature of the hazard (e.g. frequency and 

severity, topographical data, etc.), exposure 

inventory (e.g. population, buildings, highway, 

etc.), and the vulnerability of exposures to 

hazards (dense population, poorly designed 

buildings, low grade settlements, inadequate 

emergency response capacity, etc.). This 

combination of hazard, exposure, and 

vulnerability combines to define the nature of 

risk. There are a different ways to reveal 

earthquake shaking hazards and the severity of 

shaking and disaster triggered by it in a specific 

area. There are various application of an 

accurate hazard map like deciding insurance 

rates, business and land-use planning, 

estimations of stability and landslide potentials 

of hillsides, allocation planning of funds for 

education and preparedness for concerned 

general public and society. The hazard map will 

reduce geo-disasters impact and improve the 

relationships between geoenvironment and 

society (Wang, 2014). The United States 

Geological Survey (USGS, 2014) shows many 

parameters while preparing any seismic hazard 

map for a particular region of study which 

includes historical earthquake data, quaternary 

faults, crustal deformation, strong motion data, 

etc. Generally, seismic hazard map does not 

contain information about exposure inventory 

and vulnerability. Such information is 

considered in estimation and mapping of 

Seismic Risk. Seismic Risk is the probability of 

different levels of economic, social and 

environmental consequences of hazardous 
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events that may occur in a specified period of 

time. 

Since our study is limited to a unique area of 

Dam Siyaho in South Khorasan province 

(Eastern Iran) so we have included only 6 main 

factors which have a major impact on our study 

region. 

 

Figure 1a) The main geological units of Iran, showing the setting of the Sistan suture zone between 

the Afghan and Lut blocks. b) Summary map of the faulting in the Sistan suture zone (area outlined 

in dashed box in a (Red area: South Khorasan province). c) Location maps showing the main 

faults, earthquakes centers, geological and tectonic setting of the Dam Siyaho in South Khorasan 

province (Eastern Iran). 

the main input data for estimation of the seismic 

hazard are: seismic source zones (active faults 

or areal sources) together with characteristics of 

possible earthquakes (maximum magnitude 

assigned to the zone, type of the fault, 

earthquake source depth, earthquake recurrence, 
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etc.); relationships between ground-motion 

parameters and earthquake characteristics (e.g., 

ground-motion prediction equations, GMPE), 

information about local geological conditions. 

For that we have included these particular 

parameters for our research in Dam Siyaho 

scenario. 

3- The study area 

Dam Siyaho refers to a part of East South 

Khorasan province (Eastern Iran), which is 

located in 610 15/E and 320 01/N. The study 

area is located in the North part of the Sistan 

suture zone (Takin, 1972) (Fig. 1 a,c). The 

paleogeographic and tectonic evolution of Iran 

was presented in detail by Stöcklin (1968), 

Berberian and King, (1981), Ramezani and 

Tucker, (2003), and McQuarrie et al. (2003). 

Here, we provide a brief summary of these 

studies. As part of the Alpine–Himalayan 

orogenic system, Iran consists of a tectonic 

collage of Gondwana-derived terranes, which 

are in part separated by narrow belts of 

ophiolitic rocks to date (Ghazi et al., 2004), that 

had been successively accreted to the southern 

margin of Eurasia (Dewey et al., 1973; Şengör 

and Natal'in, 1996; Şengör et al., 1988). The 

terrane collision resulted in the development of 

mountain ranges, with an average elevation of 

~1000−1500 m, which can be divided into three 

main segments: (i) the Alborz–Kopeh Dagh 

ranges in northern Iran, (ii) the Zagros fold and 

thrust belt and the Sanandaj–Sirjan structural 

zone (SSZ) in southwestern Iran, and (iii) the 

east Iranian ranges. The mountain ranges are 

juxtaposed with major suture zones (Fig. 1, b). 

A Paleotethyan suture is considered to exist 

along the Alborz–Kopeh Dagh ranges (Alavi et 

al., 1997), whereas the Bitlis– Zagros suture in 

southwestern Iran (Agard et al., 2011 and 

references therein) and the Sistan suture in 

eastern Iran (McCall, 1997; Tirrul et al., 1983) 

are considered Neotethyan in origin. 

Surrounded by these mountain ranges is a 

region of moderate relief known as the central 

Iranian microcontinent containing the Lut, 

Tabas and Yazd blocks from east to west (Fig. 1 

b). Northward subduction of the Gulf of Oman 

beneath southern Iran is currently active 

(McCall, 1997). 

4- Materials and methods 

The materials used in the present study are 

remote sensing data, geo-reference data, tabular 

or descriptive data and filed data. All collected 

or estimated data are combined in a geo-spatial 

database on the ArcGIS platform. 

4.1- Database 

To assess the seismic hazards in the study area, 

the geomorphological, geological, and 

geographical parameters are each taken into 

consideration, in conjunction with the record of 

the seismic activities that have affected Dam 

Siyaho region of the South Khorasan province 

(Eastern Iran). Historical seismic events could 

not be included due to insufficient reports and 

catalogs. 

An area with a 150 km radius centered at Dam 

Siyaho was selected to determine the 

preliminary seismic hazard regions using the 

AHP method on GIS platform. In the present 

study, six different factors were computed 

covering Seismic moment, surface PGA, and 

Energy. An extensive geodatabase has been 

developed in the GIS platform using Fault 

Density, Distance to Fault, Lithology and 

remote sensing data. 

The seismotectonic map was adopted from the 

published geological faults (Iranian 

Seismological Center). The topography of the 

area was extracted from the digital elevation 

model (DEM) with a 30 m resolution. The DEM 

was acquired from the advanced spaceborne 

thermal emission and reflection radiometer 

global digital elevation model (ASTER GDEM) 

(Aster 2009, 2011). Earthquake epicenters were 

collected from the International Seismological 

Centre (ISC) (ISC 2014)) for the period between 
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1965 and 2014. Faults were digitized from the 

geological maps of Dam Siyaho quadrangles 

(Iranian Seismological Center). Publicly 

available LANDSAT 5TM/7ETM satellite 

images recorded in 2005 were also used for the 

determination of surface lineaments (Markham 

and Barker 1986; Kamel 1991; Masoud and 

Koike 2006; Hashim et al. 2013). The selection 

of the appropriate factors and the determination 

of the classes, as well as their boundary values, 

was based on an extensive literature review 

(e.g., Nath 2004, 2005; Kienzle et al. 2006; 

Mohanty et al. 2007; Parolai et al. 2007; 

Mohanty and Walling 2008; Nath et al. 2008; 

Papadimitriou et al. 2008; Nath and 

Thingbaijam 2009; Ganapathy 2011; Erol and 

Topal 2013; Grasso and Maugeri 2012; Turk et 

al. 2012; Quadrio et al. 2015) and personal 

experience. 

4.1.1- Seismic Moment and Energy 

The size of an earthquake can be express by the 

released energy. The energy carried by seismic 

waves is proportional to the square of their 

amplitude and, thus, magnitude is proportional 

to the logarithm of the energy. Gutenberg and 

Richter (1956) established the first empirical 

relation between the magnitude and energy: 

5.8 2.4
b

LogE m 
                                     (1 

11.8 1.5
s

LogE m 
                                    (2

 

Obviously these relationships are affected by 

the problem of saturation said in the previous 

paragraph. Another measure of the size of an 

earthquake is the seismic moment M0, which 

was introduced by Aki (1966). It is based on the 

idea that earthquakes are caused by a shear 

fracture in the Earth’s crust and is defined as: 

0
ADM 

                                                (3
 

where y is the shear modulus, D is the mean slip 

on the fault and A is the area of the ruptured 

fault plane. The seismic moment thus 

constitutes a good physical measure of the size 

of an earthquake closely linked to the source. 

Following Kostrov (1974): 

1
.D.A

2SE  
                                               (4

 

Using the seismic moment definition: 

02SE M







                                                 (5 

 
Figure 2) Seismic Moment map of Dam Siyaho in 

South Khorasan province (East Iran). 

 

Figure 3) Energy map of Dam Siyaho of South 

Khorasan province (East Iran). 

This expression relates the total energy released 

by an earthquake to its seismic moment and 

stress drop. 
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Kanamori (1977) proposed a new scale, called 

moment magnitude Mw that does not saturate 

even at high magnitudes. Assuming a constant 

value for the stress drop such that 4

10




 
  the 

relation (6) becomes: 

0

4

2

10
S

M
E 

                                                      (6 

Substituting in (8) 

0
1.5 16.1

SLogM M                          (7 

From this relationship we obtained the 

definition of the moment magnitude in terms of 

the seismic moment: 

0 0

2 2
( 9.1) 6.1

3 3W
Log LogM M M   

                 (8 

Using formulas 1 to 8, the seismic moment and 

seismic energy for each area were calculated. 

Using GIS software cumulative seismic moment 

and the energy map of the region were prepared. 

In conclusion the moment magnitude can be 

considered the best measure of the size of an 

earthquake being linked to the seismic moment 

(that for a tectonic event assumes the 

mechanism of shear fracture, Figs. 2 and 3). In 

Figures 2 and 3, the cumulative plans for the 

torque and power of an earthquake in the region 

are shown. In the areas large earthquakes 

occurred in torque and high energy seismic. In 

the Northeast amount of torque and power are 

high.  

4.1.2- Peak ground acceleration (PGA) 

Peak Ground Accelerations (PGA) is the 

parameter which is referred to the attenuation 

seismic wave’s characteristics of a region. 

Earthquake resistant designing of structures and 

facilities involves the estimation of ground 

shaking level, which they will experience 

thereafter. Since the level of shaking is most 

conviently illustrated by ground motion 

parameters, thus the methods to estimate the 

ground motion parameters are utilized. 

Predictive relationships, which express a 

particular ground motion parameter in terms of 

the quantities that affect it most strongly, are 

used for this purpose. Predictive relationships 

have a significant role in conducting seismic 

hazard analyses (Kramer, 1996). 

 
Figure 4) PGA index map of the study area. 

The acceleration due to strong ground motion at 

each site depends on a complex combination of 

the earthquake’s magnitude, duration, frequency 

content, the distance between the earthquake’s 

hypocenter and site, soil condition in the scope, 

etc. Thus, one of the important criteria while 

designing the structures, and also one of the 

main reasons for the building damages, is the 

peak ground acceleration (PGA) while an 

earthquake occurs (Ghodrati Amiri et al., 2010; 

Babayev et al., 2010; Arma¸s, 2012; Moradi et 

al., 2013; Panahi et al., 2014). In Iran, the peak 

ground acceleration which had destroyed or 

damaged the structures was 0.1 g (during the 

Golbaf earthquake in 1981) and about 0.989 g 

during the Zanjiran (1994) and Bam (2003) 

earthquakes (Jafargandomi et al., 2004). 

This plan is consistent with Map cumulative 

seismic moment and energy. Map cumulative 

seismic moment and the energy in the highest 

torque and power in central and northeast. As a 

result of seismic activity and quaternary faults 

in this section appears. 
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In this study, the Peak Ground Accelerations 

(PGA) was classified into five classes. The low 

and very low Peak Ground Accelerations (PGA 

is scattered in the northwest and central part of 

the study area (Fig. 4). 

4.1.3- Fault Density (FD) and Distance to 

Fault (DF) 

The fault is linear feature on the Earth’s surface 

that reflects a general surface expression of 

underground Fractures (Pradhan et al., 2006; 

Pradhan and Youssef, 2010). Most earthquakes 

occur near active faults. Areas near fault lines 

have a higher risk of earthquakes. The higher 

the concentration of active faults in the region, 

the greater the probability of earthquakes in that 

area more. They are categorized as the 

secondary porosity and visible on satellite 

images as tonal differences compared to other 

terrain features. Faults of the area were 

extracted from the Landsat ETM+ image using 

Sobel directional filtering and high-pass 

directional filtering (Pradhan and Pirasteh, 

2010). The concentration of Faults is more in 

the central and west part of the study area. In a 

similar manner to the drainage density, the Fault 

density (Fd) was calculated based on the mesh 

network method. The Fd was defined as the 

total length of all recorded Faults divided by the 

area under consideration (Edet et al., 1998). 

This is shown in the following equation: 

1

1
( )

i n

i

F
Dd

A
km

 


                          (9 

Where ΣF is the total length of all Fault (km) 

and A is the area of the grid (km
2
). In this study, 

the Fault density was classified into five classes: 

<0.019 km/km
2
 (very low), 0.019–0.026 

km/km
2
 (low), 0.026–0.034 km/km

2
 (moderate), 

0.034–0.041 km/km
2
 (high), and 0.041–0.049 

km/km
2
 (very high) (Fig. 5). 

4.1.4- Lithology 

Lithology is among the most significant 

parameters for seismic hazards (Moustafa et al., 

2016). The lithology layer was prepared by 

digitizing the geological map (Geological 

Survey Department of Iran) (Fig. 7). 

 

Figure 5) Fault density index map of the study area. 

In this study, the Distance to Fault was 

classified into five classes: >4000 m (very low), 

3000-2000 m (low), 2000-1000m (moderate), 

1000-500 m (high), and 0-500 m (very high) 

(Fig. 6). 

 

Figure 6) Distance to Fault index map of the study 

area. 

The lithology of the study area consists mainly 

of quaternary alluvial, diorite, and diorite–

gabbro rocks. The east Iranian ranges and the 

Sistan suture zone mark the closure of the Sistan 
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Ocean, a narrow branch of Neotethys that 

opened during the Middle Cretaceous (Camp 

and Griffis, 1982; Tirrul et al., 1983). This was 

accompanied by the suturing between the Lut 

block and the Afghan block to the east at the 

Late Cretaceous (Saccani et al., 2010; 

Zarrinkoub et al., 2010). Magmatism for the Lut 

block was active from the Jurassic to 

Quaternary with a dominant pulse during the 

Eocene– Oligocene (see Karimpour et al., 2011 

for review), which resulted in calc-alkaline 

rocks covering a region of at least ~300×400 

km
2
. The Late Cenozoic alkali basalts crop out 

along the Neh faults in the Sistan suture zone, 

eastern Iran. The faults represent two active, N–

S-trending dextral strike–slip fault systems 

separated by a distance of ~5 km largely 

covered by a desert (i.e. Dasht-e–Lut) 

(Wellman, 1966; Walker and Jackson, 2002). 

 
Figure. 7) Map showing the study area location and geology. 

5- Methodology for prioritization using AHP 

The multi-criteria AHP evaluation technique 

was adopted for the microzonation mapping 

(Saaty 1994, 2008). This technique uses a 

hierarchical structure through pairwise 

comparison based on a judgment between two 

particular hazard elements rather than seeking to 

prioritize an entire list of hazardous constituents 

(Estoque 2012). In this way, a matrix (A = [aij]) 

of pairwise comparisons between the selected 

seismic hazard factors can be constructed, based 

on Saaty’s (2008) predefined scale, in a 

procedure of allocating weights in the 

participatory mode. For the computation of the 

pairwise comparison matrix, where each entry 

represents the relative significance of a factor to 
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the others, the relative importance between two 

factors was measured according to a numerical 

scale from one to nine, as given in (Saaty 1988). 

The value one means equal importance, and the 

value nine means extreme importance. 

Inversely, less important variables were rated 

between 1 and 1/9 (Saaty 1988, 1990). The 

various characteristics of the considered hazard 

thematic layers are then assigned a score, also 

normalized to assure that no layer exerts an 

influence beyond its limited weight (Saaty 

2008). To fill the upper triangular of the 

pairwise comparison matrix, in each iteration 

two parameters are considered one by one and, 

considering the relative importance, a value 

between one and nine is assigned. The relative 

importance between two factors in the matrix 

can be filled on the basis of field experience, 

survey results, and the comparison guidelines 

presented in (Saaty 2008). The elements in the 

lower part of the matrix can be filled by taking 

the reciprocal of the corresponding elements in 

the upper matrix such as, if an element Aij = a, 

then Aji = 1/a and if i = j, then Aij = - Aji = 1. 

Following the construction of all pairwise 

comparison matrices, the weight vector w = [w1, 

w2, …, wn]T, is calculated utilizing the principal 

Eigenvector of the matrix. The normalized 

principal eigenvector, which is called the 

priority vector, can be used to assign the 

weights for the different selected EHPs. The 

principal eigenvalue (kmax) of the priority 

vector may be computed approximately by the 

summation of the products between each 

element of the eigenvector and the sum of the 

columns of the reciprocal matrix. The results are 

in the range of zero to one and their sum adds 

up to one in each column. Since the decisions 

regarding the relative importance of the utilized 

parameters are subjective, they will vary from 

person to person, and hence a consistency check 

is employed to assess the consistency of 

decisions in the AHP analysis. The consistency 

of judgement can be checked by estimating the 

consistency ratio (CR), which can be computed 

from the ratio of the consistency index (CI) and 

the random consistency index (RI). The CI is a 

unit-less number that depends on the size of the 

matrix (number of parameters) and the 

consistency in decisions; it can be estimated 

using the following equation: 

max

1

n
Cl

n

 



                   (10 

where kmax is the principal eigenvalue obtained 

from the priority matrix and n is the size of the 

comparison matrix. At each stage of the 

pairwise comparison process, the CR has to be 

less than 0.1 for acceptable pairwise 

comparisons. Larger values of the CR indicate 

inconsistent hazard judgements, suggesting that 

the initial values of the pairwise comparison 

matrix need to be revised (Estoque, 2012). Since 

EHPs vary significantly and depend on several 

factors, they need to be classified into various 

ranges, which are known as the features of the 

utilized thematic layer. 

Hence, each EHP’s feature is rated or scored 

within EHPs and then this rate is normalized. A 

raw rating for each feature of the various EHPs 

is, therefore, allocated initially on a standard 

scale, such as 1–10 and then normalized using 

the relation, 

min

max min

Ri R
Xi

R R





                             (11 

where Xi is the normalized rate; Ri is the rating 

assigned to the features within a single EHP, 

and Rmin and Rmax are the minimum and 

maximum rates of a particular EHP (Estoque,  

2012; Fig. 8, Table 1). 
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Figure 8) Flowchart showing the methodology adopted in this study. 

Table 1) Pair-wise comparison matrix for the AHP 

process in Dam Siyaho region of the South 

Khorasan province (Eastern Iran). 

layer 
Expert 

weights 

SM PGA En FD DF L 

SM 0.381 1 2 3 4 5 7 

PGA 0.25 2 1 2 3 4 6 

E 0.153 3 2 1 2 3 5 

L 0.101 4 3 2 1 2 4 

FD 0.071 5 4 3 2 1 3 

DF  0.043 7 6 5 4 3 1 

Consistency ratio (CR) =0.07<0.1 

6- Criteria selection and analysis 

The evolution of the different thematic layers 

for earthquake hazards is mainly divided into 

geological and seismological principal attributes 

(Pal et al., 2008) to accommodate for all 

potential sources of geohazards in the mapped 

region. The geological attributes, such as 

geological parameters (L), Fault Density (FD) 

and Distance to Fault (DF) are considered. The 

Seismic moment (SM), Peak ground 

acceleration (PGA) and Energy (E) are also 

considered as seismological attributes. Fig 8 

illustrates the methodological flowchart adopted 

for the generation of the first level 

microzonation map. L, FD, DF, SM, PGA and E 

thematic layers were used to incorporate in the 

AHP and they are associated with the 

earthquake hazard. 

Relational analysis was carried out to classify 

each triggering hazard attribute into several 

classes. First, the hazard area of a particular 

class of each of the triggering factor maps was 

determined by using the zonal histogram 

function in the ArcGIS 10.0 spatial analyst tool. 

The proportions of the area covered by each 

class of the different hazard layers were 

computed and a subjective relational analysis 

between the computed proportion and the 

factorization classes were carried out. The 

actual priority rank of the various triggering 

factors was subsequently calculated from the 

relation between the vector classes and the 

percentages of the area covered by that class. 

The calculated classes of the various triggering 

factors were then used for further AHP analysis. 
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An important constraint in the evaluation is the 

rating of the classes of each parameter involved 

in the analysis. In the present study, each 

attribute layer is classified based on their 

relative contribution towards the final hazard 

micro zonation map. 

7- Normalized weights of different features of 

thematic layers 

The map of each thematic layer was classified. 

Ranks assigned to different features of the 

individual themes and their normalized weights 

are presented in Table 2 (Machiwal et al., 2011; 

Chowdary et al., 2013). 

Table 2) Assigned and normalized weights of different features of 6 thematic layers for Seismic Hazard. 

Factor Class 
Assigned 

rank 

Feature 

normalized ranks 

(Nr) 

Seismic 

moment 

(SM) 

1.21e+17 - 1.23e+17 1 

0.381 
1.23e+17 - 1.24e+17 2 
1.24e+17 - 1.25e+17 3 
1.25e+17 - 1.26e+17 4 
1.26e+17 - 1.3e+17 5 

Peak ground 

acceleration 

(PGA) 

<0.0339 1 

0.25 
0.0339 - 0.036 2 
0.036 - 0.062 3 
0.062 - 0.068 4 
0.068 - 0.076 5 

Energy (En) 

2.076e+17 - 2.136e+17 1 

0.153 
2.136e+17 - 2.21e+17 2 
2.21e+17 - 2.23e+17 3 
2.23e+17 - 2.4e+17 4 
2.4e+17 - 2.45e+17 5 

Lithology 

(L) 

Andesitic, Rhyolitic, Deictic, Basaltic, 

Diabase 
1 

0.101 
Granite, Gabbro, Diorite, Metamorphic  2 

Conglomerate & Sandstone, Limestone  3 

Marl & Shale 4 

Quaternary 5 

Fault 

Density 

(FD) 

<0.019 1 

0.071 
0.019-0.026 2 
0.026-0.034 3 
0.034-0.041 4 
0.041-0.049 5 

Distance to 

Fault (DF) 

>2000 1 

0.043 
1500-2000 2 
1000-1500 3 
500-1000 4 

0-500 5 

8- Validation of Seismic Hazard map 

Validation is the most important process of 

modeling in that without validation, the models 

will have no Scienceentific significance 

(ChungJ and Fabbri, 2003). For validation, 

receiver operating characteristic (ROC) analysis 

by comparing the existing well yield data with 

the groundwater potential map obtained by AHP 

model was used (Pradhan 2009; Mohammady et 

al. 2012; Pourghasemi et al., 2012; Davoodi 

Moghaddam et al., 2013; Pradhan, 2013; Regmi 

et al., 2013; Pourtaghi and Pourghasemi, 2014). 
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The validation curves are shown in Fig. 8. ROC 

plot assessment results (Fig. 9) show that in the 

Seismic Hazard map using AHP, the AUC was 

0.845, which corresponds to the prediction 

accuracy of 84.5%. Therefore, it can be implied 

that the model utilized in this study showed 

reasonably good accuracy in predicting the 

Seismic Hazard map. Moreover, it is concluded 

that the AHP model can be used as a simple tool 

for the assessment of groundwater potential. 

Yalcin (2008) and Pourghasemi et al. (2013) 

stated that AHP as an expert knowledge-based 

model is very useful for solving complex 

problems. Srivastava and Bhattacharya, (2006) 

and Jha et al. (2010) demonstrated that the RS, 

GIS, and MCDA techniques provide a useful 

integrated tool for evaluating the groundwater 

conditions at a basin or subbasin scale. 

Jankowski (1995) stated that the main purpose 

of the AHP method is to support the decision 

makers in selecting the best alternative from the 

various possible choice alternatives under the 

presence of multiple priorities. 

The verification of the Seismic Hazard map 

using yield data shows that this prediction 

method is effective and reliable. This result is in 

line with the results of Lee et al. (2012) that 

applied an artificial neural network (ANN) 

model and a geographic information system 

(GIS) to the mapping of regional groundwater 

productivity potential (GPP) for the area around 

Pohang City, Republic of Korea. The validation 

showed prediction accuracies between 73.54 

and 80.09 %. They used the weighted overlay 

modeling technique to develop a groundwater 

potential model with eight different effective 

weighted thematic layers, including annual 

rainfall, lithology, lineament density, 

topography, slope, and drainage density. The 

groundwater potential map can be prepared 

based on surface thematic layers (e.g., drainage 

density and slope) which are easily accessible 

and hence are widely used (Jha et al., 2007; 

Adiat et al., 2012), especially in developing and 

low-income countries. 

 
Figure 9) ROC curve for the Seismic Hazard map. 

The evolution of the different layers for 

earthquake hazards is mainly divided into 

geological and seismological principal attributes 

(Pal et al. 2008) to accommodate for all 

potential sources of geohazards in the mapped 

region. The geological attributes, such as 

geological parameters (L), Fault Density (FD) 

and Distance to Fault (DF) are considered. The 

SM, PGA and En are also considered as 

seismological attributes. Figure 8 illustrates the 

methodological flowchart adopted for the 

generation of the first-level microzonation map. 

L, PGA, SM and EN layers were used to 

incorporate in the AHP and they are associated 

with the earthquake hazard. 

Additionally, the L, FD, and DF layers they 

correspond to the earthquake-induced hazards. 

Relational analysis was carried out to classify 

each triggering hazard attribute into several 

classes. First, the hazard area of a particular 

class of each of the triggering factor maps was 

determined by using the zonal histogram 

function in the ArcGIS spatial analyst tool. The 

proportions of the area covered by each class of 

the different hazard layers were computed and a 

subjective relational analysis between the 

computed proportion and the factorization 

classes were carried out. The actual priority 

rank of the various triggering factors was 

subsequently calculated from the relation 

between the vector classes and the percentages 

of the area covered by that class. The calculated 

classes of the various triggering factors were 

then used for further AHP analysis. An 
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important constraint in the evaluation is the 

rating of the classes of each parameter involved 

in the analysis. In the present study, each 

attribute layer is classified based on their 

relative contribution towards the final hazard 

micro zonation map. 

9- Results and discussion 

9.1- Application of AHP model for Seismic 

Hazard mapping 

AHP is a model that has been widely used by 

different researchers in the field of natural 

resources and environmental management. The 

final weight of each conditioning factor was 

shown in Table 2. In this study, the CR is 0.07; 

the ratio reflects a reasonable level of 

consistency in the pairwise comparisons phase. 

The final Seismic Hazard map obtained by AHP 

model is shown in Figure 10. Based on this 

map, high Seismic Hazard zones are located at 

the northern, south and central of the plain. This 

map is the result of overlapping of all data used. 

This overlap of great assistance to earthquake 

prone areas of high and low to be detected 

(Heidari et al. 2015). This map is used as a base 

map for seismic studies. 

 
Figure 10) Seismic Hazard maps based on AHP 

models of Dam Siyaho region of the South Khorasan 

province (Eastern Iran). 

The obtained pixel values was then classified 

based on natural break classification scheme 

(Pourghasemi et al. 2012; Regmi et al. 2013; 

Pourghasemi et al. 2013; Zare et al. 2013) into 

low, moderate, high, and very high potential 

groups. The Seismic Hazard map achieved from 

the AHP method, which covered 8.76 % of the 

total area, was designated to be a moderate SPM 

class; 21.6, 37.1, 22.3 and 10.21% of the total 

area are related to very low, low, high, and very 

high SHM, respectively (Fig. 10 and Table 3). 

( ) ( ) (( ) ( ) ) ( )SM PGA E FD DFSH LM         (12 

Table 3) The distribution of the Seismic Hazard 

values and areas with respect to the Seismic Hazard 

in Dam Siyaho region of the South Khorasan 

province (Eastern Iran). 

SPM 
Binary Index Overlay and 

Fuzzy logic Model 
Area (%) Area (km

2
) 

Very Low 21.6 15 
Low 37.1 26 

Moderate 8.76 6 
High 22.3 16 

Very High 10.21 7 

10- Conclusions 

Assess the risk of earthquakes using seismic 

data (1965-2016) and risk factors in the 

prediction of earthquakes (geological 

parameters (L), Fault Density (FD), Distance to 

Fault (DF), Seismic moment (SM), Peak ground 

acceleration (PGA) and Energy (E)), was 

conducted for the province. Based on the results 

of this study, the following conclusions were 

drawn: 

1- Dam Siyaho is a case study of moderate to 

Moderate seismic hazard. 

2- More likely seismic hazard based on the 

formula experimental, seismic moment and the 

energy associated with faults Nehbandan, 

Charpansar, Porang, Zolesk, Doroh, Chah Kho, 

Afzal Abad. 

3- The very high seismic hazard zone is located 

in the northern, south and central region of Dam 
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Siyaho. While the east regions show low to very 

low hazard. 

4- The study shows that areas near Fault are 

more vulnerable and the population near it is on 

a high risk zone.35.1 % of total study area falls 

under high risk zone, 8.76 % under medium 

risk, and 58.7 % under low risk zone. 

5- The validation of results demonstrated that 

AHP has fairly good predication accuracy of 

84.5 %. Hence, based on the results of this 

research and the accuracy of the derived 

Seismic Hazard map, it can be concluded that 

the applied methodology, together with the used 

indices, is a useful framework for the rapid 

assessment of Seismic Hazard and can be 

recommended to be applied in other areas 

especially in data scarce areas. 
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