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Abstract: In this study, we determined vulnerability levels of urban fabrics against earthquake risk using spatial factors. 

Therefore to classify risk vulnerability zones of the Mashhad urban fabric we used parameters such as ratio of open spaces, 

size of lands differentiation, population density, occupied area by buildings, age of buildings, deteriorated urban fabrics, 

proximity to faults, and seismic grading. These parameters are derived based on Mashhad municipality districts then 

weighted by Analytic Hierarchy Process (AHP) and combined by the Standard Score Model in geographic information 

system (GIS). The results indicated that: first, the central district and districts of eight, three and four in Mashhad have the 

most fabric vulnerability against earthquakes, respectively. Second, the urban texture of municipal districts containing 

districts of nine, seven, six and ten have less vulnerability against earthquakes, respectively. Third, the parameters analysis 

using AHP exhibited the weighty value for lands differentiation parameter while, the correlation test revealed that the strong 

correlation between deteriorated urban fabrics and the final zoning map (R
2
 equal to 0.75).  

Keywords: Analytic Hierarchy Process (AHP), Geographic Information System (GIS), Standard Score Model, 

Vulnerability 

 

1. Introduction 

The recent earthquakes e.g. Kobe (17.1.1995), Gujarat 

(26.1.2001), Bam (26.12.2003) and Port-au-Prince 

(12.1.2010) prove once more that for the urban areas to be 

safe and sustainable, a long-range urban planning must be 

implemented, based on multidisciplinary risk assessment 

tools. The challenge of urban susceptibility mapping is to 

predict the ground motion effects related to various sources, 

path and site characteristics not just at a single site but over 

an extended region, and to do so with an acceptable level of 

reliability (Paskaleva et al, 2007). Nowadays, efforts are 

focused on expanding the spatial approach to organizing 

residential and urban areas in regional dimensions (Clark et 

al, 2009).  Most attempts to quantify environmental 

vulnerability to date refer to specific systems and particular 

stressors or classes of stressors. For example, Lantada et al, 

(2003) applied a GIS methodology for studying the 

vulnerability and seismic damage scenarios for Barcelona 

using an index of average vulnerability associated to the 

residential building typologies of the city. Petermans et al, 

(2006) used a combination of geological data, field 

measurements and numerical modelling in a 2D and 3D GIS 

environment for assessing the local seismic hazard in the 

urban centre of Brussels. A similar method (VULNERALP) 

that is based on a simplified approach (seismic inventory of 

buildings) for vulnerability assessment in moderate-low 

seismic hazard regions has been applied to Grenoble, France 

(Gueguen et al, 2007). A numerous of GIS-oriented 

applications related to the seismic vulnerability and 

geological hazard are developed in the past. Some of them 

are dealing with urban vulnerability (Cutter and Mitchell, 

2000; Menoni, 2001), emergency support systems 

(Voulgaris et al, 2003; Youhai et al, 2006), simulation and 

modeling of earthquake disaster (Xu et al, 2008; Ren and 
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Xie, 2004; Zaincenco and Alkaz, 2005) and development of 

earthquake information systems or hazard mitigation 

databases (Umemura et al, 2000; Giammarinaro et al, 2003; 

Martelli et al, 2007; Hampton et al, 2008; Inel et al, 2008). 

Definitions of geological risk used in researches vary 

according to applications for which they are used. The risk 

also depends on how much building is exposed to the hazard 

and how vulnerable it is to damage. In addition, risk can be 

seen graphically as a function of three elements, hazard, 

exposure and vulnerability as illustrated in the risk triangle 

proposed by Crichton and Salt (2001). In this regard, the 

vulnerability is the susceptibility of the buildings to the 

hazard (Fedeski and Gwilliam, 2007). There are essentially 

two main factors causing vulnerability existence of the risk, 

and to be at risk (Turner et al, 2003). In fact, the composition 

of the hazard factor and vulnerability lead to the production 

of crisis (Prowse, 2003). Accordingly, the most vulnerable 

places are those that either more exposed to risk or most 

susceptible to be effected by hazard (De Leon, 2006). Most 

of the Iran populated areas are located in the earthquake 

regions and the major cities are located on the mountain hills 

that are over separated active faults. In recent decade 

establishing the geographic database to estimate earthquake 

risk are used in large scale in the field of urban management 

and GIS programs (JICA, 2000) and are introduced the 

factors such as geotechnical instability of soil, proximity to 

faults, the size of open spaces, building and population 

density, age of urban fabric, open spaces, and access to roads. 

The experience of the Bam earthquake with a magnitude of 

6.3 Richter scale on December 26, 2003 indicates that in 

order to have a disaster it is enough to have the following 

three factors: low quality of building construction, high 

population density and closeness to faults. At the present 

study, we investigate the urban fabric vulnerability in terms 

of earthquake hazards at the study area. Our aim is to 

identify the sensitivity of urban fabric vulnerability against 

earthquakes by using the combination model of analytic 

hierarchy process (AHP) and standard score classifications.  

For this purpose, we prepared an earthquake susceptibility 

zonation via GIS based on each municipality districts of 

Mashhad. 

2. Material and Methods 

2.1. The Study Area 

The Mashhad city is the capital of Khorasan-e-Razavi 

province with population of 2,410,800 (Statistical center of 

Iran, 2006) which located in the northeast of Iran 

(36°37´-36°58´N, 59°26´-59°44´E) (Figure 1). The 

developed urban structure of Mashhad is in area with 292 

km
2
 and  the population density of Mashhad is 82.5 p/ha. 

The spatial analysis of urban topography in GIS indicated 

that the highest part of the city in the southwest, has an 

altitude of 1340 m a.s.l and the lowest part in the northeast 

has an altitude of 920 m a.s.l (Figure 2). From the geological 

viewpoint, this city extended over the strata plain and 

formed on the thick layers of alluvial sediments. The 

northern part of the study area is located on Kashaf-roud 

River and the southern part is laid on Granitic-Batholithic 

Zone of the Binalod Mountains (Figure 3).  

 

Figure 1. The position of the study area 

 

Figure 2. Topographical map of the study area 

 

Figure 3. Topographical map of the study area 
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Mashhad city is affected by the seismo-tectonics of the 

Binalod mountainous complex with the trends of faults from 

the northwest to the southeast. The most effective faults of 

the Mashhad urban fabric are the Kashaf-roud fault at the 

northward and the Shandiz-Sangbast fault at the southward. 

In addition, the city has a semi-arid climate with an annual 

rainfall of 221.1 mm and an average temperature of 15.8˚C 

(Iranian meteorological organization, 1997-2006).   

2.2. General Characteristics 

For evaluating earthquake damage and losses, many 

systems are designed e.g. PAR model (Pressure and Release) 

is pointed out by JICA (2000). Some of the methods rely on 

the methods of urban planning, land usage and degree of 

urban fabric development so that the places in urban spaces 

with high and low risk can be determine. The mathematical 

fractal model and fuzzy model are also expertly used. The 

common feature of most researches is to determine the effect 

of natural structures including environmental hazards and 

ecological techniques in relation to GIS (Baz and Geymen, 

2009). In this paper, we obtained physical and functional 

parameters of urban fabric based on each district of the 

Mashhad municipality. For this purpose, the following eight 

parameters are defined and processed in GIS: (1) open 

spaces ratio, (2) lands differentiation, (3) population density, 

(4) occupied area, (5) age of buildings, (6) deteriorated 

fabrics, (7) proximity to faults, and (8) seismic grading 

(Table 1). The weighting values of these parameters 

calculated by using AHP and then combined with 

standardized parameters in the evaluation system. 

2.3. Quantitative Models 

Analytic hierarchy process (AHP), as a theory for dealing 

with complex, technological, economical, and 

socio-political problems (Saaty, 1980; Saaty and Vargas, 

2001) is an appropriate method for deriving the weight 

assigned to each factor. AHP is a multi-objective, 

multi-criteria decision-making approach to arrive at a scale 

of preference among a set of alternatives. In AHP method, an 

index of consistency, known as the Consistency Ratio (CR), 

which is a ratio between the matrix's consistency index and 

random index. CR is used to indicate the probability that the 

matrix judgments were randomly generated (Saaty 1977).  

RI

CI
CR =                 (1) 

where RI is the average of the resulting consistency index, 

depending on the order of the matrix given by Saaty (1977) 

and CI is the consistency index and can be expressed as: 

)1(

)( max

−
−=

n

n
CI

λ
               (2) 

where, λmax is the largest or principal eigenvalue of the 

matrix and can be easily calculated from the matrix, and n is 

the order of the matrix. CR ranges from 0 to 1. A CR close to 

1 indicates the probability that the matrix's rating was 

randomly generated. A CR of the order of 0.1 or less is a 

reasonable level of consistency (Saaty 1977). A CR above 

0.1 requires revision of the judgments in the matrix because 

of an inconsistent treatment of particular factor ratings. In 

this case the CR of the matrix of paired comparisons 

between the fifteen influential factors in our landslide 

susceptibility assessment is 0.083, and is thus acceptable. 

The standard combined method is based on statistical 

techniques that by the change of variable data make it 

possible for data to be non-dimensional and algebraic 

combining for each land unit as follows: 

δ
µ)( −= x

z              (3) 

where, µ is the mean data of parameters (x), δ is the standard 

deviation, and z is the indication of data standardization. 

3. Results and Discussion 

In this study, the municipality districts as the land units, 

considered to present the final vulnerability zonation map. On 

this basis, we used the eleven districts including the central 

business district of Mashhad. The selected indicators 

extracted and calculated in to each district by using GIS 

(Table 2). In the first step after preparing primary pair-wise 

matrix, we calculated the geometric mean of each row and 

then their normal weight, to be used as the standard weight of 

each indicator in AHP (Table 3). In the second step, in order to 

test the consistency of indicator weights, the consistency ratio 

(CR) determined as 0.0835 which indicates an acceptable 

consistency level in binary comparison of obtained weights 

(CR<0.1). The parameters analysis using AHP exhibited the 

weighty value for lands differentiation, Proximity to faults 

and Population density, respectively. In this stage before to 

combine the calculated and weighted parameters, the 

indicators standardized according to equation (3). These 

standardized values multiplied with AHP weighting values 

due to get the new indicator (Figure 4). The advantage of this 

type of multiplication and indicator reformation is the 

reduction of empirical pair-wise factual errors. Nevertheless, 

the new indicator values combined in to each municipality 

district (Figure 5). The figure 4 presented the vulnerability of 

urban fabric against earthquake hazard.  Based on this figure, 

we can say that 1. the CBD and districts of 8, 3 and 4 of 

Mashhad municipality have the most fabric vulnerability 

against earthquakes, respectively, 2. the urban texture of the 

municipal districts of 9, 7, 6 and 10 have less vulnerability 

against earthquakes, respectively, 3. the regression results 

between final zoning and the above mentioned parameters 

revealed strong correlation (R
2
=0.75) between deteriorated 

urban fabrics and the final zonation map (P≥0.95). 

Quantitative analysis of the estimated indicator leaded to 

produce the zonation map of earthquake vulnerability for each 

municipality districts of Mashhad city (Figure 5). This map 

made in ArcGIS ver.9.3 and prepared after the combining of 

AHP and Standard score models.  
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Table 1. The selected indicators 

No. Parameter Unit Attribution 

1 Open spaces ratio ha Surface area of bare grounds, roads and streams 

2 Lands differentiation m2 Average size of residential lands differentiation 

3 Population density p/ha Ratio of residential population to land being used 

4 Occupied area  % % of buildings with >180% level occupation  

5 Age of buildings % % of buildings with  >20 years of age  

6 Deteriorated fabrics ha Surface area of deteriorated urban fabrics  

7 Proximity to faults km Distance of the district center to the nearest fault 

8 Seismic grading % Probability of earthquake occurrence grading 

Table 2. Determination of the indicators for each municipality district 

districts 

open 

spaces 

(ha) 

lands 

differentiation 

(m2) 

population 

density 

(p/ha) 

occupied 

area 

(%) 

Age of 

buildings 

(%) 

deteriorated 

fabrics 

(ha) 

proximity to 

faults 

(km) 

seismic 

grading 

(%) 

1 897 305 167 10 49 140 3 75 

2 2410 185 240 4 66 620 1 85 

3 1333 151 295 3 79 820 1.5 20 

4 610 127 256 0.5 6 705 3 35 

5 1290 181 183 0 84 770 1 20 

6 1494 154 190 0.5 32 535 1 25 

7 2867 188 51 3 43 200 6 65 

8 776 228 119 12 57 390 6 70 

9 3086 285 120 14 26 40 6 80 

10 1415 266 160 7.5 66 30 1.5 60 

11 802 252 183 18 28 0 3 55 

CBD 55 186 128 6 70 270 1.5 20 

Table 3. the standardized weights of each parameter based on AHP 

Factors (1) (2) (3) (4) (5) (6) (7) (8) Weight 

(1) Open spaces ratio 1.00        0.0819 

(2) Lands differentiation 4.00 1.00       0.2123 

(3) Population density 2.00 0.50 1.00      0.1401 

(4) Occupied area  1.00 0.25 0.33 1.00     0.0542 

(5) Age of buildings 0.25 0.50 0.33 2.00 1.00    0.1060 

(6) Deteriorated fabrics 2.00 0.25 0.50 3.00 1.00 1.00   0.1024 

(7) Proximity to faults 2.00 2.00 2.00 3.00 0.50 2.00 1.00  0.1722 

(8) Seismic grading 2.00 1.00 2.00 2.00 0.33 1.00 1.00 1.00 0.1309 

Consistency ratio         0.0835 

 

Examination of the correlation test by using the Pearson 

test was indicated that the final zonation results with P≥0.95 

have the most powerful and significant relationship between 

the factor of the deteriorated fabrics and open spaces ratio 

(R
2
=0.75). Therefore, it seems the existence of deteriorated 

fabrics at the study area is affecting factor to decline the 

fabric sustainability and is causing to increase of fabric 

vulnerability against earthquakes. 

4. Conclusions 

At the present study, we used the eight parameters for 

earthquake vulnerability zonation. Our aim was to identify 

the urban fabric susceptibility of Mashhad against 

earthquakes by combining the AHP and the standard score 

models. The results revealed that Mashhad CBD and 

districts of 8, 3 and 4 of Mashhad municipality have the most 

fabric vulnerability against earthquakes, respectively, while 

the urban texture of the municipal districts of 9, 7, 6 and 10 

have less vulnerability against earthquakes, respectively. 

The used methodology could be applied for urban risk 

management in the Mashhad City. 
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Figure 4. Statistical estimations of earthquake vulnerability for each 

municipality districts of Mashhad after combining of AHP and Standard 

score models 

 

Figure 5. Earthquake zonation of vulnerability for each municipality 

districts of Mashhad 
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