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Abstract. Iran is located on the Alpide earthquake belt, in the active collision zone between the Eurasian and Arabian plates. 6 

This issue makes Iran a country that suffers from geotechnical seismic hazards associated with frequent destructive 7 

earthquakes. Also, according to the rapid growth of population and demands for construction lifelines, the risk assessment 8 

studies which should be carried out in order to reduce the probable damages is necessary. The most important destructive 9 

effects of earthquakes on lifelines are transient ground displacements and permanent ground deformations. The availability 10 

of the map of the displacements caused by liquefaction, landslide, and surface fault rupture can be a useful reference for 11 

researchers and engineers who want to carry out a risk assessment project for each specific region of the country. In this 12 

study, the mentioned precise maps by using a considerable number of GIS-based analyses and by employing HAZUS 13 

methodology, are produced and presented. It is important to note that a required accuracy for risk assessment is 14 

approximately around the macro scale. So, in order to produce a suitable map for risk assessment goals, in terms of accuracy, 15 

the GIS-based analyses are employed to mapping all spread of Iran. 16 

Keywords: Transient Ground Displacement, Permanent Ground Deformation, Hazard Macrozonation, Seismic 17 

Geotechnical Hazard, HAZUS Methodology 18 

1 Introduction 19 

Iran is located on the Alpide earthquake belt, which is one of the highly earthquake-prone zones of the world. The first 20 

earthquake effect, which can damage lifelines and infrastructure, is the transient ground displacement (TGD), which is 21 

caused by seismic wave propagation. The second one is the permanent ground deformation (PGD), which may result in 22 

liquefaction, landslide, and ground failure. For risk assessment of lifelines and infrastructure which highly broaden over the 23 

country, investigating the TGD and PGD is of vital importance. Many studies have proposed technical methods for 24 

evaluating TGD and PGD and for specific cases in different regions of the country, some of which discussed in the following 25 

paragraphs. 26 
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While landslide is considered as one of the disastrous natural hazards in Iran, there is a lack of precise information about it 27 

for most parts of the country and that only a small percentage of the country’s area has specifically been investigated for 28 

providing landslide susceptibility maps. Tangestani (2004) investigated the landslide susceptibility mapping using the fuzzy 29 

gamma approach in a GIS basis for the Kakan catchment area, southwest Iran. Babakan et al. (2009) proposed a seismo-30 

geotechnical zonation mapping of the southern Caspian Sea coastline. Daneshvar and Bagherzadeh (2011), evaluate the 31 

landslide hazard zonation using GIS analysis at Golmakan Watershed, northeast of Iran. Moradi et al. (2012) implemented a 32 

GIS-based landslide susceptibility mapping employing AHP method for Dena City. A landslide hazard zonation was carried 33 

out employing statistical-based methods for Pishkuh region in Fereydonshahr by Shirani and Seif (2012). Aghda and Bagheri 34 

(2015) evaluated an earthquake-induced landslide hazard zonation method for the Sarein earthquake in 1997. A landslide 35 

hazard zonation and risk analysis in Goloord region, north of Iran, was carried out using AHP method by Adib and Afzal 36 

(2018). Arjmandzadeh et al. (2019) presented a GIS-based landslide susceptibility mapping for Qazvin Province of Iran. 37 

Mokhtari and Abedian (2019) investigated the spatial prediction of landslide susceptibility in the Taleghan basin. 38 

Vakhshoori et al. (2019) studied the landslide susceptibility mapping of Bandar Torkaman employing GIS-based data mining 39 

algorithms.  40 

There are also investigations on landslides using remote sensing tools. Esmali and Ahmadi (2003) evaluated a mass 41 

movement hazard zonation using GIS and Remote Sensing (RS) in Germichay Watershed, Ardebil. A Monitoring of the 42 

massive slow Kahrod landslide in the Alborz range was implemented using GPS and synthetic aperture radar interferometry 43 

by Peyret et al. (2008). Akbarimehr et al. (2013) assessed the slope stability of the Sarcheshmeh landslide, northeast Iran, by 44 

using Interferometric Synthetic Aperture Radar (InSAR) and GPS observations. Mirzaee et al. (2017) evaluated three InSAR 45 

time-series methods to assess the creep motion of the Masouleh landslide in north Iran. Pirasteh et al. (2018) used LiDAR-46 

derived DEM and a stream length-gradient index approach for investigating the landslides in the Zagros Mountains. A 47 

landslide hazard mapping using a radial basis function neural network model was performed  for a case study in Semirom, 48 

Isfahan, by Yavari et al. (2019). 49 

From a different view, liquefaction is also one of the seismic geo-hazards which can significantly affect the performance of 50 

lifelines during or after earthquakes. There are studies have addressed liquefaction through different methods for different 51 

regions of Iran. Askari et al. (2006) evaluated the liquefaction potential of the south of Tehran using the standard penetration 52 

test and the shear wave velocity measurement. Naghizadehrokni et al. (2018) presented liquefaction maps in Babol City 53 

using probabilistic- and deterministic-based approaches. Risk assessment of existing structures due to liquefaction potential 54 

of Astaneh-ye Ashrafiyeh City was performed by Ziabari et al. (2017). Liquefaction assessment using micro-tremor 55 

measurement and artificial neural network was carried out by Rezaei and Choobbasti (2014) for Babol City. Sakvand et al. 56 

(2011) investigated liquefaction risk zoning in the Silakhor plain. Liquefaction-induced lateral spreading displacement was 57 

evaluated probabilistically for a site in the south of Iran by Kavand and Haeri (2009). Koike et al. (2004), Mousavi et al. 58 

(2014) and (Farahani et al., 2020) also evaluated liquefaction-induced displacement of Tehran, Azerbaijan and Asaluyeh, 59 

respectively, in order to assess the risk of the gas pipelines. 60 
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On the other hand, the majority of large earthquakes are associated with surface ruptures, which pose even secondary 61 

hazards to arise. Fault rupture hazard is defined as a displacement and deformation imposed by fault rupture on structures 62 

and objects during an earthquake (Perrin and Wood, 2003). There are empirical equations which are established based on the 63 

global and regional records of seismic events and are used to predict geometrical and kinematic characteristics of the 64 

potential ruptures along active faults including surface rupture length (SRL), maximum displacement (MD) and average 65 

displacement (AD) (e.g. ÖZTÜRK et al., 2018;Manighetti et al., 2007;Dowrick and Rhoades, 2004;Mason, 1996;Wells and 66 

Coppersmith, 1994). SRL and MD are correlated with each other and earthquake magnitudes and provide the most well-67 

known equations for deterministic evaluation of earthquake hazards imposed by faults as significant sources of seismic 68 

energy. Stramondo et al. (2005) investigated the surface displacements and source parameters of the 2003 Bam earthquake 69 

using Envisat advanced synthetic aperture radar imagery. Surface displacement and fault modeling for the 2003 Bam 70 

earthquake was evaluated using the InSAR method by Stramondo et al. (2005). 71 

However, there are limited studies that have addressed all the ground deformations caused by earthquakes for all the regions 72 

of Iran. Moreover, there is no a comprehensive study presented a map of surface rupture-induced deformation of Iran. Some 73 

studies proposed only empirical relations between different parameters of Iran’s faults. However, never these parameters 74 

have been calculated for all Iran’s fault in order to estimate the rupture-induced displacements in a widespread zone of the 75 

country. In this study, PGD is calculated and mapped using the HAZUS methodology (FEMA, 2012). Also, a map of ground 76 

displacement due to surface rupture is produced via a GIS-based approach, and the HAZUS methodology. Hence, the 77 

novelty of this study not only is the macro zonation of the PGD caused by earthquakes all over Iran, but also is the 78 

presentation of the first map of fault deformation, which can affect the lifelines crossed or being near them. As well, all 79 

mapping of deformations and displacements are carried out on a macro scale. This is due to the fact that from a risk 80 

assessment perspective, macro zonation is useful enough and that there is no need to study the issues over a micro-scale 81 

approach. Therefore, the HAZUS methodology is employed here in order to take advantage of its straightforward equations 82 

and fragility curves, which obtained by a huge number of analytical and experimental studies worldwide. Fig. 1 shows the 83 

step by step GIS-based analyses for the study here.  84 
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 85 

Figure 1: The flowchart of the step by step phases of the GIS-based analysis 86 

2 Hazard Analysis of Ground Shaking 87 

For estimating the transient ground displacement (TGD) caused by seismic waves propagation (ground shaking), Peak 88 

Ground Velocity (PGV) is needed. As HAZUS proposed, for obtaining PGV, the first step is to calculate the spectral 89 

acceleration by having a soil classification of a region in terms of dynamic properties. According to the ShakeMap (Wald et 90 

al., 2005) method, for regions lacking Vs30 maps, including most of the globe, the approach of Allen and Wald (2007), 91 
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revised by Allen and Wald (2009) which provides estimations of Vs30 as a function of more available topographic slope 92 

data can be employed. In this study, soil classification is carried out using a topographic gradient map. As shown in Fig. 2a, 93 

global 1-arcsecond (30-m) SRTM digital elevation model (DEM) of Iran is used for producing a slope map as shown in Fig. 94 

2b. After that, the soil classification map is produced as shown in Fig. 3 and using Table 1, which presents correlations 95 

between topographic gradient and VS30. 96 

 97 

Table 1: Correlations between Topographic Gradient and VS30 Using the NED 9c Digital Elevation Models for the National 98 

Earthquake Hazard Reduction Program (NEHRP) Site Classes(Allen and Wald, 2009) 99 

NEHPR Site 

Class 

VS30 Range 

(m/sec) 

9 arsec Gradient Range 

(m/m) 

(Active Tectonic) 

9 arsec Gradient Range 

(m/m) 

(Stable Continent) 

Modified 30 arsec 

Gradient Range (m/m) 

(Active Tectonic) 

E < 180 < 3 × 10−4 < 1 × 10−4 < 3 × 10−4 

 180 − 240 3 × 10−4 − 3.5 × 10−3 1 × 10−4 − 8.5 × 10−3 
3 × 10−4 − 3.5

× 10−3 

D 240 − 300 3.5 × 10−3 − 0.010 
4.5 × 10−3 − 8.5

× 10−3 
3.5 × 10−3 − 0.010 

 300 − 360 0.010 − 0.024 8.5 × 10−3 − 0.013 0.010 − 0.018 

 360 − 490 0.024 − 0.08 0.013 − 0.022 0.018 − 0.05 

C 490 − 620 0.08 − 0.14 0.022 − 0.03 0.05 − 0.10 

 620 − 760 0.14 − 0.20 0.03 − 0.04 0.10 − 0.14 

B >760 > 0.20 > 0.04 > 0.14 

 100 

  

Figure 2: a. Global 1-arcsecond (30-m) SRTM digital elevation model (DEM) of Iran, b. Slope map of Iran 101 
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 102 

Figure 3: Produced soil classification map of Iran, using Allen and Wald (2009) method. 103 

According to the Iranian Seismic Code (also known as the Standard No. 2800) (BHRC, 2015), for calculating spectral 104 

acceleration, a reflection factor should be obtained. Reflection factor (known as B factor) is considered to account for the 105 

resonating effect of soft soil on ground movement at bedrock; its value increases as the soil gets softer. The value of the 106 

reflection factor is relevant to two main parameters consists of B1, spectrum shape factor, and N, spectrum modification 107 

factor. The mentioned parameters are correlated to the soil type and level of seismicity. According to the Iranian Seismic 108 

Code, Iran is divided into four seismic zones, including low, moderate, high, and very high seismicity levels. Also, the soil 109 

types consists of type B, C, D, and E, are presented for the country. Hence, by merging the zonation of seismicity level and 110 

the soil classification map, the soil and seismic hazard classes’ map is produced as shown in Fig. 4. 111 
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 112 

Figure 4: Soil class and seismicity level map of Iran 113 

The value of B is obtained in eight different combinations of soil type and seismicity level by using the reflection factor 114 

spectrum (see Fig. 5) in order to calculate the PGV inferred from 1-second Spectral Response. The results are shown in 115 

Table 2. Therefore, the map of the reflection factor for the 1-second period is obtained, as shown in Fig. 6a. Finally, by 116 

multiplying the reflection factor to Peak Ground Acceleration (PGA) map, the 1-second spectral acceleration is produced as 117 

shown in Fig. 6b. 118 
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 119 

Figure 5: Reflection factor spectra for different soil types and seismicity levels 120 

Table 2: Reflection factor for 1-second period  121 

Seismicity Level Soil Type N B1 B 

High, and Very High 

Site class B 1.117 1.000 1.117 

Site class C 1.100 1.250 1.375 

Site class D 1.064 1.925 2.048 

Site class E 1.000 2.750 2.750 

Low, and Moderate 

Site class B 1.067 1.000 1.067 

Site class C 1.057 1.250 1.321 

Site class D 1.036 1.925 1.995 

Site class E 1.000 3.250 3.250 
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 122 
 

 

 123 

Figure 6: a. Map of the reflection factor in 1-second period, b. Map of the 1-second spectral acceleration 124 

PGV is inferred from 1-second spectral acceleration using Equation (1). 125 

𝑃𝐺𝑉 = (
386.4

2𝜋
. 𝑆𝐴1)/1.65 

(1) 

The constant value of 1.65 in the Equation 1 represents the amplification assumed to exist between peak spectral response 126 

and PGV. This value is based on the median spectrum amplification, as given in Newmark (1982), for a 5%-damped system 127 

whose period is within the velocity-domain region of the response spectrum. A PGV map of Iran is presented in Fig. 7. 128 

 129 

 130 

Figure 7: PGV map of the Iran by using HAZUS methodology and GIS-based analyses 131 

https://doi.org/10.5194/nhess-2020-48
Preprint. Discussion started: 26 March 2020
c© Author(s) 2020. CC BY 4.0 License.



10 

 

3 Hazard Analysis of Ground Failure 132 

The ground failure is divided into the three main following categories: liquefaction, landslide, and faulting. Each of these 133 

types of ground failure is quantified by permanent ground deformation (PGD). Methods and alternatives for determining 134 

PGD due to each mode of ground failure are discussed below. 135 

3.1 Liquefaction 136 

Liquefaction is the most important hazard due to ground failure that often threatens infrastructures. Liquefaction is a soil 137 

behavior phenomenon in which a saturated soil loses a substantial amount of strength due to high excess pore-water pressure 138 

generated by and accumulated during strong earthquake ground shaking (FEMA, 2012). In this study, in order to consider 139 

the failure caused by soil liquefaction, the Iran liquefaction susceptibility map is used. This map is provided by the 140 

International Institute of Earthquake Engineering and Seismology (IIEES) and based on previous studies by Komakpanah 141 

and Farajzadeh (1996), as shown in Fig. 8-a. The likelihood of experiencing liquefaction at a specific location is primarily 142 

influenced by the susceptibility of the soil, the amplitude, and duration of ground shaking and the depth of groundwater. 143 

Based on the HAZUS methodology, the probability of liquefaction for a given susceptibility category can be determined 144 

using the following relationship: 145 

𝑃[𝐿𝑖𝑞𝑢𝑖𝑓𝑎𝑐𝑡𝑖𝑜𝑛] =
𝑃[𝐿𝑖𝑞𝑢𝑖𝑓𝑎𝑐𝑡𝑖𝑜𝑛|𝑃𝐺𝐴 = 𝑝𝑔𝑎]

𝐾𝑀𝐾𝑊
𝑃𝑚𝑙  (2) 

where 𝑃[𝐿𝑖𝑞𝑢𝑖𝑓𝑎𝑐𝑡𝑖𝑜𝑛|𝑃𝐺𝐴 = 𝑝𝑔𝑎] is the conditional liquefaction probability for a given susceptibility category at a 146 

specified level of PGA, 𝐾𝑀 is the moment magnitude correction factor, 𝐾𝑊 is the groundwater correction factor, and Pml is 147 

the proportion of the map unit susceptible. Zonation of the probability of liquefaction for all susceptibility categories is 148 

carried out, as shown in Fig 8-b, 8-c, and 8-d. 149 
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Figure 8: Probability of liquefaction for Iran zonation. 150 

The expected value of PGD conditioned to the occurrence of liquefaction can be stated as a function of PGA (Sadigh et al., 151 

1986) , as presented in Eq. 3. 152 

(3) 𝐸[𝑃𝐺𝐷|𝑙𝑖𝑞𝑢𝑖𝑓𝑎𝑐𝑡𝑖𝑜𝑛] =

{
  
 

  
 12

𝑃𝐺𝐴

𝑃𝐺𝐴(𝑡)
− 12          1 <

𝑃𝐺𝐴
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< 2

18
𝑃𝐺𝐴

𝑃𝐺𝐴(𝑡)
− 24          2 <

𝑃𝐺𝐴
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70
𝑃𝐺𝐴

𝑃𝐺𝐴(𝑡)
− 180          3 <

𝑃𝐺𝐴

𝑃𝐺𝐴(𝑡)
< 4

 

 153 

where PGA (t), which is presented in Table 3, is the threshold ground acceleration corresponding to zero probability of 154 

liquefaction. Mapping of the threshold ground acceleration is shown in Fig. 9. As a final result, Fig 10 presents the 155 

liquefaction-induced deformation map of Iran. 156 

Table 3: Threshold Ground Acceleration PGA (t) (FEMA, 2012) 157 

Susceptibility Category PGA(t) 

High 0.09g 

Very High 0.12g 

Moderate 0.15g 

Low 0.21g 

Very Low 0.26g 

None N/A 

 158 

 159 

 160 
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Figure 9: Mapping of the threshold ground acceleration PGA (t). 161 

 162 

Figure 10: Liquefaction-induced deformation map of Iran. 163 

3.2 Landslide 164 

Earthquake-induced landslide of a hillside slope occurs when the static plus inertia forces within the slide mass cause the 165 

factor of safety to drop below 1.0 temporarily. The value of the PGA within the slide mass required to cause the factor of 166 

safety to drop to 1.0 is denoted by the critical or yield acceleration (ac). This value of acceleration is determined based on 167 

pseudo-static slope stability analyses and/or empirically based on observations of slope behavior during past earthquakes. 168 
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The landslide hazard evaluation requires the characterization of the landslide susceptibility of the soil/geologic conditions of 169 

a region or sub-region. For this purpose, the Iran landslide susceptibility map, provided by Geological Survey and Mineral 170 

Explorations of Iran (GSI), is used as shown in Fig. 11. Also, critical acceleration at any location proposed by HAZUS for 171 

susceptibility categories is presented in Table 4. 172 

 

 

 

 

Figure 11: Landslide susceptibility map of Iran. 173 

 174 

Table 4: Critical acceleration at any location proposed by HAZUS for susceptibility categories 175 

Susceptibility Category None I II III IV V VI VII VIII IX X 

Critical 

Accelerations (g) 
None 0.60 0.50 0.40 0.35 0.30 0.25 0.20 0.15 0.10 0.05 

 176 

The permanent ground displacements are determined using the Equation. 4: 177 

𝐸[𝑃𝐺𝐷] = 𝐸[𝑑 𝑎𝑖𝑠⁄ ]𝑎𝑖𝑠𝑛 (4) 
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where 𝐸[𝑑 𝑎𝑖𝑠⁄ ] is the expected displacement factor, 𝑎𝑖𝑠 is the induced acceleration (in a decimal fraction of g's), and n is the 178 

number of cycles. A relation derived from the results of Makdisi and Seed (1978) is used to calculate downslope 179 

displacements. In this relation, shown in Fig. 12, the displacement factor d/ais is calculated as a function of the ratio ac/ais. 180 

Finally, the zonation of landslide-induced displacement is carried out using GIS-based analyses and presented in Fig. 13. 181 

 182 

Figure 12: The relation between displacement factor and ratio of critical acceleration and induced acceleration. 183 

 184 

 185 

Figure 13: Landslide-induced displacement map of Iran. 186 

 187 

3.3 Surface Fault Rupture 188 

Active faulting in Iran is a direct indicator of active crustal deformation due to the convergence between Arabia and Eurasia, 189 

which occurs at 2.1-2.5 cm/yr. During the last 500 years surface ruptures associated with large earthquakes have appeared or 190 
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been documented in various places in Iran. Most of these ruptures have occurred along the active faults which have moved 191 

repeatedly in the Quaternary period; thus, constituting evidence that these active faults have the potential of reactivating in 192 

the future (Hessami and Jamali, 2006). 193 

The most recent seismic hazard map of Iran has been developed by Karimiparidari (2014) using the available  data and based 194 

on PSHA approach. This covers a wide time span of earthquakes history and contains uniform scaled magnitudes. 195 

Karimiparidari has also developed new seismic source models and seismotectonic zoning maps of Iran. The seismotectonic 196 

models were developed based on the latest data of active tectonics, topography, magnetic intensity, and seismicity catalog. 197 

These new maps divide the country into 27 seismotectonic zones and demonstrate two models for linear and regional seismic 198 

sources. As shown in Fig. 14, seismicity parameters of 104 seismic regions, presented in 27 seismotectonic zones, are 199 

assigned to the faults. The mentioned parameters are considered to estimate the most probable maximum magnitude of each 200 

fault in order to calculate the rupture-induced displacement. 201 

 202 

Figure14: Regional seismic sources of Iran (Karimiparidari, 2014) 203 

By using the database of the surface ruptures of Iran, empirical relations are established for moment magnitude and 204 

maximum displacement (MD), as given in Table 5. Coefficients of the relations are separately calculated for the thrust, 205 

strike-slip faults, and all of the fault types. This is worth noting that active normal faults are rare in Iran, and surface ruptures 206 

associated with this kind of earthquake faulting are even more scarce (Ghassemi, 2016). As a result of the surface fault 207 

rupture study and using the empirical equation presented in Table 5, the map of surface ruptured-induced displacement is 208 

produced by employing GIS-based analyses as presented in Fig. 15. 209 

 210 

Table 5: Critical acceleration at any location proposed by HAZUS for susceptibility categories (ÖZTÜRK et al., 2018) 211 
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Equation 
Slip 

Type 

Coefficient and Standard 

Errors 

Standard 

Deviation 

s a (sa) b(sb) 

log(𝑀𝐷) = 𝑎 + 𝑏 × 𝑀𝑤 

Thrust 
-2.230 

(2.432) 

0.320 

(0.364) 
0.377 

Strike-

Slip 

-7.435 

(1.345) 

1.105 

(0.199) 
0.391 

All 
-6.320 

(1.208) 

0.938 

(0.179) 
0.400 

 212 

Figure 15: Surface rupture-induced displacement map of Iran. 213 

Conclusion 214 

Being located in the active collision zone between the Eurasian and Arabian plates, Iran is a country that suffers from 215 

hazards associated with frequent destructive earthquakes. The susceptibility assessment of infrastructures is crucial in the 216 

modern era due to the very rapid growth of population and major cities, which are mostly located on or in the vicinity of 217 
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earthquake faults, and also demands the construction of infrastructures that are susceptible to earthquake hazards. The 218 

geotechnical seismic hazard which can affect the serviceability of lifelines during or after earthquakes can be classified in 219 

two categories: Transient Ground Displacement (TGD) caused by seismic wave propagation (ground shaking), and 220 

Permanent Ground Deformation (PGD), which refers to liquefaction, landslide, and surface fault rupture. 221 

There are many theoretical, experimental, and numerical methods for evaluating the deformations and displacements which 222 

are induced by earthquakes, and affect lifelines. For example, in order to investigate the landslide and liquefaction potential 223 

of a specific limited region, geotechnical-based field experimental studies, and finite element based methods can be 224 

implemented. However, from a risk assessment point of view, empirical-theoretical-based methods are even further useful 225 

for macro scale regions. This is because the required parameters for empirical equations is less than the parameters which are 226 

required for numerical analyses. Hence, from a risk assessment point of view, the zonation of earthquake-induced 227 

deformations and displacements, can help researchers and engineers to carry out their researches more rapidly by using the 228 

prepared map of displacements in the country. Therefore, the main goal of this paper is to produce and present a map of 229 

earthquake-induced deformations and displacements. 230 

For reaching the mentioned precise maps, GIS-based analyses were carried out by employing the HAZUS methodology. 231 

Peak Ground Velocity (PGV) map of Iran is produced using soil classification estimation based on topographical data, 232 

spectral acceleration calculation, and the HAZUS equations. Although the PGV can be obtained using attenuation 233 

relationships, the proposed method by HAZUS is selected for being employed in this study. Investigating the liquefaction-234 

induced deformations, the probability of liquefaction for each susceptibility category was calculated using the HAZUS 235 

equations, and a map capable of presenting the most probable deformations, was produced. GIS-based analyses, Makdisi and 236 

Seed’s equation, and landslide susceptibility map were used for preparing the landslide-induced displacement maps. Also, a 237 

seismotectonic zoning map was employed to estimate the most probable maximum magnitude of each fault and to evaluate 238 

the surface fault rupture based on displacement. The map of the surface rupture-induced displacements was also produced. 239 

 In this study, there are some limitations to which authors faced. The first one is the accuracy of the available DEM of the 240 

country. As was discussed, the accuracy of the used DEM is around 1-arcsecond (30-m) that can affect the produced PGV 241 

map of the country. The other limitation is the Iran liquefaction susceptibility map, which is respectfully old fashioned 242 

(1996). The Iran liquefaction susceptibility map should be up to date periodically because the level of the groundwater is 243 

continuously varied in recent decades due to the severe climate changing. Consequently, having more accurate DEM, and 244 

employing up to date liquefaction susceptibility zonation can help produce a cutting-edge version of the result of this 245 

research in the future. 246 
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