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Résumé 

Dans cette thèse, je présente mes travaux de recherche les plus importants menés sur la 

sismicité des catalogues, les bases de données de mouvement du sol et l'analyse des risques 

sismiques en Iran et dans d'autres zones actives du Moyen-Orient et de l'Asie du sud. L'accent 

dans cette thèse est mis sur les grands facteurs de contrôle pour la détermination de la source 

sismique, les paramètres de la sismicité et les modèles de mouvement du sol. Après chaque 

séisme (comme en 1990, le tremblement de terre de Manjil, Mw=7.3, et, en 2003, le 

tremblement de terre de Bam, Mw=6.5), il y a des discussions sur la fiabilité des cartes de 

zonage de l'aléa sismique et une comparaison entre l'enregistrement et la prédiction des 

mouvements du sol. Ceci montre l'importance des données d’entrée et le niveau de 

connaissance des paramètres de sources sismiques dans les régions à risque (géométrie et 

mécanique des failles, les périodes de retour, etc..). 

La thèse est organisée en 8 chapitres qui présentent un résumé de mes travaux de 

recherche et publications sur des sujets incluant les catalogues de sismicité, les mouvements 

forts, le développement des relations d'atténuation des risques sismiques et leur analyse. En 

outre, un résumé des études de reconnaissance de certains tremblements de terre destructeurs 

(depuis 2003) et les enseignements qui en découlent, ainsi que ma formation de recherche en 

matière de supervision de thèse sont décrits. En outre, une nouvelle recherche sur la sismicité 

et les mouvements sismiques de la banque de données de l'Asie du sud est proposée dans ce 

manuscrit. 

 

Mehdi Zaré 

Novembre 2016 
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Abstract 

In this thesis, I present the most important research works I conducted on the seismicity 

catalogs, strong ground motion databases and seismic hazard analysis of Iran and other active 

zones in the Middle East and south Asia. An emphasis in this thesis is to represent the 

important controlling factors for the seismic source determinations, seismicity parameters and 

ground motion models. After each earthquake (such as the 1990, Manjil earthquake; 

Mw=7.3, and 2003, Bam earthquake; Mw=6.5) there are some discussions on the reliability 

of the seismic hazard zoning maps and a comparison between the recorded and previously 

assessed ground motions. This draws attention to the importance of input dataset and the 

level of knowledge of the seismic source parameters in the potential seismic regions 

(geometry and mechanical of faults, return periods, etc...). 

The thesis is organized in 8 chapters that present a summary of my research works and 

published papers on the subjects including seismicity catalogues, strong motion processing, 

development of attenuation relationships and seismic hazard analysis. In addition, a summary 

of reconnaissance studies of some important and destructive earthquakes (since 2003) and 

lessons learned from them, as well as my research formation in terms of supervision of Ph.D. 

thesis are described. Furthermore, a new research on seismicity and strong motion databank 

of the south Asia is proposed in this manuscript. 

 

Mehdi Zaré 

November 2016 
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In this section, I present the motivations and the importance of the research subject as well as 

the outline, objectives and the structure of this thesis. It should be noted that all the sections 

and sentences in italics throughout the text are excerpts from articles (or websites) which are 

mentioned along with their corresponding references. 

Motivations and importance of the research subject 

From the seismotectonic point of view, the Iranian Plateau and the Middle-East region are 

exposed to high seismic activity and are greatly influenced by the continental convergence 

between the Arabian and the Indian plates to the NE and northward with respect to the 

Eurasian plate. According to the regional tectonic regime of the Iranian plateau, the focal 

mechanism solutions of the most earthquakes are compressional, strike-slip or a combination 

of these two mechanisms (Fig. 1). 

Reilinger et al., (2006) showed that there is counterclockwise rotation in the crust 

including the Arabian plate, Zagros and central Iran, Turkey, and the Aegean relative to 

Eurasia with rates of about 20–30 mm/yr. (Fig. 2). Central Turkey has an internal 

deformation <2 mm/yr, while surrounded by the right-lateral North Anatolian fault on the 

north (24±1 mm/yr) and by the left-lateral East Anatolian fault on the southeast (9±1 mm/yr). 

Relative to Eurasia, the southwestern Aegean-Peloponnisos moves toward the SSW at 30±2 

mm/yr in a coherent fashion with low internal deformation (<2 mm/yr) (McClusky et al., 

2000). The similar measurements in the Iranian continent and northern Oman performed by 

Vernant et al., (2004) indicate that most of the shortening is accommodated by the Makran 

subduction zone (19.5±2 mm/yr) and less by the Kopet-Dag (6.5±2 mm/yr). The Central 

Iranian Block moves consistently with internal deformation smaller than 2 mm/yr. In the 

western part of Iran, distributed deformation occurs among several fold and thrust belts. 

Between the Central Iranian Block and the Arabian Plate, the central Zagros accommodates 

about 7±2 mm/yr of north–south shortening. North of the Central Iranian Block, the Alborz 

mountain range accommodates 8±2 mm/yr of north–south compression. According to the 

GPS measurements by Wang et al. (2001), the southern parts of the Himalaya show 

northward movement (N19°-22°E) at a rate of 36 to 38 mm/yr with respect to stable Eurasia. 

Bangalore in southern India has a northward velocity of 35.9±1 mm/yr. The maximum 

velocity (38 mm/yr) in the northern Ganges plains approximates the rate of convergence 

between the Indian and Eurasian plates. All these GPS analysis indicate high rates of 
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deformation in the Middle-East region and the Iranian Plateau, so that the region is exposed 

to all-round pressures caused by the collision of lateral tectonic plates. 

 

Fig 1. Focal mechanism of the main earthquakes recorded in Iran during the last century. Dashed 

lines: borders of the 3 main tectonic zones of Iran. Solid line: major faults (adapted from Shahvar et 

al., 2013). 

Therefore, the geodetic, seismic and tectonic studies in the region confirm the existence 

of a complex active tectonic framework with high deformation rates, a part of which 

expresses in terms of earthquakes. This region experiences different earthquake magnitudes 

each year, some of them may reach Mw8 (e.g. 27 November 1945 Mw8.1 Makran 

earthquake). Many destructive earthquakes with magnitude≥7.0 have occurred during the last 

century such as the 1909 Silakhor (Mw.7.3), 1930 Salmas (Mw.7.1), 1962 Bou'in-Zahra 

(Mw.7.1), 1968 Dasht-e-Bayaz (Mw.7.4), 1978 Tabas (Mw.7.4), 1990 Manjil (Mw.7.4),1997 

Ghaen (Mw.7.3), 2003 Bam (Mw.6.6), 2013 Savaran (Mw.7.8) earthquakes in Iran, 1939 

Erzincan (Mw.7.8), 1970 Gediz (Mw.7.2), 1976 Çaldıran–Muradiye (Mw.7.0), 1999 Izmit 

(Mw.7.6), 1999 Düzce (Mw.7.2), 2011 Van (Mw.7.1) earthquakes in Turkey, the Nuweiba 
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earthquake south of the Dead Sea fault and in the Gulf of Aquaba in Egypt, the 1935 Quetta 

(Mw.7.7), 1945 Balochistan (Mw.8.1), 2005 Balakot (Mw.7.6), 2011 Dalbandin (Mw.7.2) and 

2013 Awaran (Mw.7.7) earthquakes in Pakistan, and the 2002 Hindu-Kush (Mw.7.4) and 2015 

Hindu-Kush (Mw.7.5) earthquakes in Afghanistan (Fig. 3). 

Taking into account the seismotectonic framework and high seismicity with destructive 

earthquakes as well as the large population density settled in the earthquake-prone areas, the 

necessity for the development of a database with field investigations for the seismic hazard 

and risk assessment is critical. 

 

Fig 2. Horizontal velocity field for a major part of Alpine-Himalayan chain. The blue vectors are by 

Reilinger et al., (2006) and McClusky et al. (2000) and the red vectors are by Wang et al. (2001). The 

black vectors are by Vernant et al. (2004). The white vectors are the Nuvel1-A plate velocity model 

by DeMets et al. (1994). 
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Fig. 3. Seismicity map of the Middle East region before declustering represented by epicenters of 

earthquakes (4≤Mw). Yellow stars indicate some of the destructive seismic events (with 6.5≤Mw) 

during the last century. Source of data: EMME earthquake catalogue (Zare et al., 2014). 

After some earthquake (such as the 1978 Mw7.4 Tabas earthquake, 1990 Mw7.3 Manjil 

earthquake and 2003 Mw6.5 Bam earthquake), several questions were raised on the reliability 

of the seismic hazard zoning maps and on the comparison between the recorded and 

previously assessed ground motions. I will exemplify some important events where the 

hazard maps failed to predict the high hazard levels. Such examples indicate the importance 

of the accuracy of the input dataset and the level of knowledge of the seismic source 

parameters in the study regions (fault geometry and mechanics, return periods of large and 

destructive earthquakes, etc...).  

Related efforts 

I will describe different approaches in the study of seismicity and seismic hazard analysis in a 

specific chapter. The application of most popular seismic hazard analysis methods such as the 
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Deterministic Seismic Hazard Analysis (DSHA) as well as the Probabilistic Seismic Hazard 

Analysis (PSHA) in the study region is explained. It should be noted that reliable seismic 

hazard studies depend on having a robust earthquake catalogue, good knowledge on the 

tectonic framework and rate of active deformation, and relevant attenuation model. The better 

input for hazard analysis results in more reliable the parameters and the seismic hazard 

assessments, so that precise input data such as comprehensive catalogues, seismicity 

parameters as well as characteristic of seismotectonic zones lead to decrease uncertainties of 

the analysis. There have been several efforts to prepare uniform earthquake catalogues of the 

Middle-East and Iran in the recent years such as a new earthquake catalogue of the Middle 

East region which has been developed consisting historical, early and modern instrumental 

events recorded between 1250 B.C. and 2006 (Zare et al., 2014). This effort was undertaken 

under the framework of Global Earthquake Model (GEM) and Earthquake Model of Middle 

East (EMME) projects and the final goal was to establish a unified catalogue of seismicity by 

incorporating regional and international data to be used for homogeneous estimation of 

seismic hazard in the region. In addition, two seismicity catalogues including a uniform 

catalogue for the Iranian earthquakes with a moment magnitude range of MW 3.5–7.9, from 

the third millennium BC until April 2010 (Karimiparidari et al., 2013) as well as a unified 

instrumental catalogue for the Iranian Plateau (1900–2011) with Mw≥4 (Shahvar et al., 2013) 

were prepared in the framework of supervision of Ph.D. thesis performed at the International 

Institute of Earthquake Engineering and Seismology (IIEES). In this regard, I also present the 

way of compiling raw metadata and the reason of declustering the most important recent 

catalogues as the comprehensive available databank. Throughout my previous research 

topics, I noticed that there is not enough strong-motion metadata in most parts of the study 

region, except in some parts of Iran and Turkey that contribute to improving the DSHA and 

PSHA studies. Uncertainties associated with the seismic hazard analysis and level of success 

of the Poisson method in the region is also presented. 

In conclusion, I mention that the seismic hazard studies in the Middle-East and south 

Asia have been initiated using deterministic approaches, continued with probabilistic 

approaches and finally linked to the spectral zoning maps. The trend in hazard mapping 

appears to cover the intensity assessment, realistic acceleration and the neo-deterministic 

approaches; the development of site specific seismic hazard analysis for the region should be 

based on the detailed integrated site characteristics database. 
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Outline  

In this thesis, I present the most important research works I conducted on the seismicity 

catalogues, strong ground motion databases and seismic hazard analysis of Iran and other 

active zones in the Middle East and south Asia. An emphasis in this thesis is to represent the 

important controlling factors for the seismic source determinations, seismicity parameters and 

ground motion models. In this manuscript, a summary of reconnaissance studies of some 

important and destructive earthquakes (since 2003) and lessons learned from them, as well as 

my research formation in terms of supervision of Ph.D thesis are described. Furthermore, a 

new research on seismicity and strong motion databank of the south Asia is proposed in this 

manuscript. 

Objectives 

The scope of this thesis is to represent the context and a critical review of the seismic hazard 

studies that I performed during the last 17 years. This will represent the necessity of the 

development and re-evaluation of and seismicity parameters and seismic hazard studies in the 

Middle East region; with a special reference to the seismic hazard assessments performed in 

Iran. The presentation of the studies cover from challenges of development of earthquake 

seismicity and strong motion databases toward the development of regional attenuation 

models and uncertainty considerations for hazard analysis. 

Thesis structure   

The thesis has been organized in 8 chapters that present a summary of my research works and 

published papers on the subjects including seismicity catalogues, strong motion processing, 

development of attenuation relationships and seismic hazard analysis (SHA) and etc. 

In the chapter 1, the methodology of the studies about seismicity and seismic hazard 

analysis is described. In this regard, the necessity of a time-dependent as compared with a 

time-independent seismic hazard analysis as well as the importance of Poisson distribution in 

the seismicity catalogues are presented briefly. It should be considered that there are not 

enough strong-motion metadata in the region of study, while there are relatively proper data 

in some parts such as Iran and Turkey. The application of most popular seismic hazard 

analysis approaches such as the Deterministic Seismic Hazard Analysis (DSHA) as well as 
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the Probabilistic Seismic Hazard Analysis (PSHA) are also discussed. I also discuss 

uncertainties which originated from the lack of knowledge about the seismic sources and 

their effects on the final SHA results. 

An accurate earthquake catalog results in more reliable outputs in seismic hazard 

analysis. In this respect, there have been several efforts to prepare uniform earthquake 

catalogs of the Middle-East and Iran in the recent years which are described in the chapter 2. 

In this section, the existing seismic networks within the region are first pointed out briefly. 

Then, the way of compiling and the reason of declustering the most important recent catalogs 

as the comprehensive available databanks are explained.  

In the chapter 3, I highlight the results of strong motion processing and especially the 

data analysis of the Iranian and Turkish strong-motion networks. The main outcome is to 

obtain strong motion catalogues with the seismic parameters of site conditions, the frequency 

band of seismic records, peak values of acceleration, velocity and displacements, source 

parameters (magnitude, epicentral and macroseismic distances), intensity and fault plane 

solutions whenever possible. The aim is to obtain with other regional dataset, a homogenous 

and good quality database to be incorporated in the SHA. Furthermore, the strong-motion 

processing of some case studies such as the earthquakes of Bam, Iran (Mw=6.5, 2003), 

Gorkha, Nepal (Mw=7.8, 2015) and etc are expressed and discussed. 

Since the attenuation relations are one of the most essential elements of any seismic 

hazard analysis, in the chapter 4, I have tried to summarize the researches, which I involved 

with during the last two decades for developing regional attenuation equations for Iran and 

other regions. In this respect, different PGA, spectral acceleration and intensity equations, 

with a recent development of intensity-strong motion predictive equations in Iran are 

described. The regional attenuation equations would lead to have less uncertainties in the 

seismic hazard assessments of Iran. 

In the chapter 5, I first review a state-of-the-art on the seismic hazard assessments 

during four decades in Iran. Then, I discuss the previous and current challenges in SHA 

studies of Iran, e.g. the sufficiency of seismotectonic data in the region of study and what we 

did not know about the faulting and site conditions before the major earthquakes such as the 

1978 Tabas, 1990 Manjil and 2003 Bam for finalizing the seismic hazard zoning programs in 

Iran. Subsequently, my most important studies on seismotectonic and sources, magnitude 
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assessments as well as the recent seismic hazard zoning in Iran and some parts of Asia 

(including Malaysia, Singapore and Iraq) are summarized. 

In the chapter 6, a combination of lessons learned from in-situ earthquakes damages and 

subsequent phenomena observed during reconnaissance studies in different earthquake-

affected areas are presented. In this regard, selected topics such as the data acquisition in 

earthquake recognitions, the analysis of recorded strong motions, the determination of 

physical damage, the near-field effects associated with directivity and fling-step, and the 

importance of these analysis in hazard zoning provide some insights into the seismic hazard 

assessment. These studies are the results of field investigations that I performed following the 

fourteen important recent earthquakes in Iran and other countries in the Middle East. The 

field studies start from the 2003 Bam (Iran) earthquake, continue with the 2003 Boumerdès-

Zemmouri (Algeria), 2005 Balakot (Pakistan), 2009 Padang (Indonesia), 2009 Southeastern 

Tehran (Iran), 2010 Kuh-Zar (Iran), 2011 Tohoku (Japan), 2011 Van (Turkey), 2012 

Varzeghan (Iran) twin events, 2013 Shonbeh (Iran), 2013 Saravan (Iran), 2013 Bashagard 

(Iran), 2014 Mormori (Iran) earthquakes and finally ends to the 2015 Gorkha (Nepal) 

earthquake. The thesis shows a synthesis of the main observations and comparison of local 

SHA and scenarios between the different regions. 

The thesis contains also a research proposal on the regional seismic database (earthquake 

catalogue and strong motion database) for the South Asia region which is described the 

chapter 7. One of the goals of this study is to devise methodologies for the seismic risk 

evaluation and loss estimation that are tailored for different cities in the South Asia and 

Caucasus. There are some vulnerable and densely populated regions in south Asia (i.e. in 

Afghanistan, some regions of Pakistan, Nepal, etc..) where the seismic hazard and risk are 

high, but the quality of accessible knowledge on seismicity, seismic source parameters and 

strong ground motion are poorly known, a situation not acceptable to perform a meaningful 

seismic hazard and risk assessment. To this end, the ground-motion models that provide 

hazard evaluation associated should yield accurate ground motion estimates with low 

dispersion through simple functional forms that use the essential geophysical and 

seismological information.  Based on this fact, the perspective and strategy of the work plan 

is to develop a consistent seismicity catalogue, strong motion dataset, detailed seismic source 

model and regional ground-motion prediction models (GMPEs). These need to be based on 
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the assumption that the tectonic regimes, seismicity rates and data availability are extremely 

variable. 

In summary, my future research plan includes the following items: 

• Compilation of existing seismicity catalogues 

• Reevaluating the historical earthquake catalogues  

• Incorporating the new sources of information 

• Assembly of strong ground-motion database 

• Development of predictive model for peak ground motion and spectral values  

• Evaluation of site amplification and soil linear and nonlinear behavior 

Finally, in the Chapter 8, I present the research formation of my works and a summary 

of the researches in form of supervision or co-supervision of doctoral thesis of my former 

Ph.D students. 
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... All models are approximations. Essentially, all models are wrong, 

but some are useful. However, the approximate nature of the model 

must always be borne in mind.” 

 

Box, George E. P.; Norman R. Draper (1987). Empirical Model-Building and 

Response Surfaces, p. 424, Wiley. ISBN 0471810339. 

 

 

In this chapter, advantages and disadvantages of using seismic hazard maps, time-dependent 

and time-independent analysis, as well as the well known DSHA, PSHA and NDSHA 

approaches are described. Finally I take a brief look to the uncertainties associated with the 

PSHA studies. 

 

1-1.   Seismic hazard analysis. Yes or No?  

Active geologic structures in the current geological epoch (Holocene, about 12,000 years old) 

are known as the seismic source zones which can create an earthquake with maximum 

magnitude. Determination of the potential seismic fault and source zones, their characteristics 

and mechanisms as well as the calculation of their maximum magnitude and seismicity rates 

are of important issues. In this respect, seismic hazard analysis is an efficient tool used to 

evaluate the potential seismic hazard in an area. Usually, a team of geologists, seismologists, 

engineering seismologists and earthquake engineers are involved to collectively produce an 

update of the probabilistic seismic hazard model in a national scale. Different seismic hazard 

maps propose various types of ground motion or intensity information to their users. 

Confidence in scientific models is confirmed by validation of the model’s predictions. 

Experience of some destructive earthquakes such as the 2011 Tohoku (Mw=9.1), 2008 

Wenchuan (Mw=7.9), 2010 Haiti (Mw=7.0) as well as the 2002 Bam (Mw=6.5), 1978 Tabas 

(Mw=7.4) and 1990 Manjil (Mw=7.4) earthquakes of Iran, all of which occurred in areas 

predicted by earthquake hazard map to be relatively safe, indicates that in several cases, such 

hazard maps clearly failed to predict the actual strong motions. 
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Fig 1-1 shows the hazard map of Japan which was prepared in 2010 before the 2011 

Tohoku earthquake. In their interesting review article on the reasons of the usual failure of 

earthquake hazard maps, Stein et al., (2012) declare that “the Japanese hazard map predicted 

less than a 0.1% probability of shaking with intensity “6-lower” (on the Japan 

Meteorological Agency -JMA- intensity scale) in the next 30 years. In other words, such 

shaking was expected on average only once in the next 30,000 years. However, within two 

years, such shaking occurred”. 

Fig. 1-1. Comparison 

between hazard levels in the 

government hazard map of 

Japan and earthquakes 

caused 10 or more fatalities 

since 1979 (Geller, 2011).  

 

The occurrence of the catastrophic 2011 Tohoku, Japan earthquake (Mw=9.1), draw the 

attention of many researches to the inefficiency of the existing seismic hazard maps and the 

necessity to revise such maps based on updated data and improved methods. A number of 

factors that may cause errors in seismic hazard maps have been mentioned in a published 

article by Stein et al (2012). These factors are: bad physics, bad assumptions, bad data and 

bad luck (black swans). 
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1-2.   Time-dependent and time-independent seismic hazard analysis  

1-2.1. Time-independent SHA 

Hazard maps can be produced by either a time-dependent or time-independent analysis. Until 

now, most of the seismic hazard maps, containing the hazard models of Iran and the Middle-

East region, have been mainly prepared based on the time-independent assessments. The 

probability of the occurrence of an earthquake in time-independent models are assumed to 

follow a Poisson distribution. Poisson process describes number of occurrences of an event 

during a given time interval or spatial region as follows: 

1) The number of occurrences in one time interval are independent of the number that 

occur in any other time interval. 

2) Probability of occurrence in a very short time interval is proportional to length of 

interval. 

3) Probability of more than one occurrence in a very short time interval is negligible. 

1-2.2. Time-dependent SHA 

One of the most important tasks involved in seismic hazard assessment is the examination of 

the temporal and spatial patterns of earthquake occurrence. Anagnos and Kiremidjian (1988) 

compiled a review of the basic assumptions of the various earthquake occurrence models 

involved in hazard analysis. The widespread application of probabilistic hazard analysis has 

been based on the memoryless Poisson model of earthquake occurrence for several reasons 

(Gardner and Knopoff, 1974; McGuire and Barnhard, 1981). 

Modeling of faults in laboratory experiments (Byerlee and Brace, 1968; Brune, 1973) has 

indicated that the elastic rebound theory suggests that the times of occurrence and magnitudes 

of a sequence of earthquakes in a given source may not be stochastically independent. For 

this reason, several attempts have been made for studying time-dependent seismicity at faults 

(Papaioannou and Papazachos, 2000). The probability of the occurrence of an earthquake in 

time-dependent models are assumed to follow a renewal model, i.e., a log-normal, Brownian 

passage time (BPT), or other probability distribution in which the probability of the event 

depends on the time since the last event. (Petersen et al., 2007). In Figs. 1-2 and 1-3, time-

independent and time-dependent seismic hazard maps for the state of California (by Petersen 

et al., 2007) are depicted.  
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Fig. 1-2. “Time-independent (Poisson) map for rock site condition and a 10% probability of 

exceedance in 30 years” (Petersen et al., 2007). 

 

 

Fig. 1-3. “Time-dependent map for rock site condition and a 10% probability of exceedance in 30 

years” (Petersen et al., 2007). 
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1-3.   Seismic Hazard Analysis Approaches  

There are different methods applied in seismic hazard analysis. In this part, three of the most 

important methods consisting of the Deterministic Seismic Hazard Analysis (DSHA), 

Probabilistic Seismic Hazard Analysis (PSHA) and Neo-Deterministic Seismic Hazard 

Analysis (NDSHA) are explained briefly.  

1-3.1. Deterministic Seismic Hazard Analysis (DSHA)  

DSHA is the earliest, easiest and simplified approach to carry out seismic hazard analysis. 

For a worst case scenario, DSHA is more useful. To evaluate seismic hazard deterministically 

for a particular site or region, all possible sources of seismic activity must be identified and 

their potential for generating strong ground motion must be evaluated.  It is used widely for 

nuclear power plants, large dams, large bridges, hazardous waste containment facilities and 

also as a ‘cap’ for PSHA (Puri and Jain, 2016). According to Reiter (1990), the steps in the 

process of a DSHA study indicated by Shah et al. (2012), are as follows (Fig. 1-4): 

1) Identification of seismic sources 

2) Calculation of the nearest distance between source and the site of interest  

3) Determination of controlling earthquake  

4) Calculation of the maximum hazard  

 

  

  

Fig. 1-4. Four-step process of a deterministic seismic hazard assessment (DSHA) 
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1-3.2. Probabilistic Seismic Hazard Analysis (PSHA) 

Since a DSHA study takes the worst possible earthquake scenario into account, the approach 

is mainly used only for some critical structures such as dams, power plants and bridges 

(especially in near-field regions). A DSHA study calculates the maximum hazard due to the 

occurrence of the biggest earthquake in the nearest distance to a critical structure for a long 

life span. Thus, for the average life span of the most of the typical buildings, the results of a 

DSHA model imposes large costs. The Probabilistic Seismic Hazard Analysis (PSHA) have 

been known as the most popular approach which considers the different probabilities in the 

hazard calculations.  

Here, a general procedure of a PSHA analysis is pointed out based on the educational 

materials taken from the Pacific Earthquake Engineering Research Center (PEER) website 

(http://peer.berkeley.edu/course_modules/eqrd/index.htm?c227top.htm&227cont.htm&EQDe

f/eqdef7.htm):“the PSHA follows a similar process to the DSHA, but the uncertainty is 

quantified by a probability distribution at each step. Distributions are determined for the 

magnitude of each earthquake on each source fM(m), the location of the earthquake in or 

along each source fR(r), and the prediction of the response parameter of interest 

P[pga>pga'|m,x]. For example, for a given earthquake "x" of magnitude M and distance R: 

                                                  P[pga>pga'] = P[pga>pga'|x] P[x]                                 (1-1) 

For all earthquakes: 

                                     P[pga>pga'] = ʃʃ P[pga>pga'|m,r]fm(m)fR(r) dm dr                     (1-2) 

The PSHA computes the likelihood of occurrence of potential seismic hazard events and 

the intensity of ground shaking produced by those events at the sites being analyzed. A PSHA 

considers the contribution from all potential sources of earthquake shaking collectively and 

the likelihood of those events. In this approach, uncertainty is treated explicitly and annual 

probability of exceeding specified ground motions is computed. The hazard analysis covers 

the following related components (Fig. 1-5): 

1) Definition of the nature and locations of earthquake sources. 

2) Seismicity and frequency-magnitude relationships for the sources. 

3) Attenuation of ground motion with distance from the sources. 

4) Determination of exceedance probability at given sites. 
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Fig. 1-5. Four-step process of a probabilistic seismic hazard assessment (PSHA) 

 

Many authors have expressed criticisms of the probabilistic method (e.g. Castanos and 

Lomnitz, 2002; Klugel, 2007a; Wang, 2008), on the grounds that the probabilistic results are 

not very realistic nor reliable. Experience of several recent events, such as 1995 Kobe, Japan, 

2001 Gujarat, India, 2003 Bam, Iran, 2008 Sichuan, China and 2010 Haiti shows the 

shortcomings, however, the probabilistic approach is still applied world-wide for hazard 

assessment (e.g. GSHAP and EMME) and also for national seismic codes. 

1-3.3. Neo-Deterministic Seismic Hazard Analysis (NDSHA)  

The procedure for the NDSHA addresses some issues largely neglected in probabilistic 

hazard analysis, namely how crustal properties affect propagation and attenuation of wave 

trains: ground motion parameters are not derived from overly simplified attenuation 

functions, but rather from synthetic time histories. In fact, synthetic seismograms can be 

computed to model ground motion at sites of interest, using knowledge of the physical 

process of earthquake generation and wave propagation in realistic inelastic media. The 

signals are efficiently generated by the modal summation technique (Panza et al., 2001). 

Synthetic signals can be produced in short time and at a very low cost/benefit ratio, to be 

used as seismic input in subsequent engineering analysis aimed at the computation of the full 
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non-linear seismic response of the structures or to simply estimate the earthquake damaging 

potential. 

Taking into account the source characteristics and the relevant bedrock models, the 

NDSHA can be applied at national scale, computing seismograms at the nodes of a grid with 

the desired spacing, or at local scale, considering the path and the geological and geotechnical 

conditions at the site, as well. The flowchart of the standard neo-deterministic procedure at 

national scale is shown in Fig. 1-6 (Zuccolo, 2010). 

 

 

Fig. 1-6. Flow-chart of the standard neo-deterministic procedure for seismic hazard assessment at 

national scale (Zuccolo, 2010). 

 

1-4.   Uncertainties in PSHA 

As mentioned before, PSHA characterizes uncertainty in location, size, frequency, and effects 

of earthquakes, and combines all of them to compute probabilities of different levels of 
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ground shaking. Uncertainties are mostly divided to epistemic uncertainty (from limited data 

and knowledge.) and aleatory variability (innate randomness in a process). 

A usual way to treat epistemic uncertainty is the use of logic trees. An example of a 

logic tree is shown in Fig. 5-13 in the section 5-5-1 for the recent seismic hazard analysis of 

Iran (Zare et al., 2015). As can be seen, it consists of a series of branches that describe 

alternative models and/or parameter values with a set of weights located at the tips. These 

weights represent the relative credibility of each model and must sum to unity at each branch. 

Representing current scientific judgment on the merit of the alternative models, the weights 

are based on data collected from analogous regions, simplified physical models, and 

empirical observations. 

Recent PSHA logic tree included: 

• Cascadia interplate 

• attenuation relationships 

• up dip boundaries 

• down dip boundaries 

• return periods 

• segmentation models 

• maximum magnitude approaches 

• terminal branches 
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2-1.   Introduction 

In this chapter, I explain the seismicity databases and catalogs acquired for the Iranian 

Plateau as well as the Middle-East region. These seismicity catalogs have been prepared 

through research collaboration with my scientist colleagues and Ph.D students. At first, I will 

briefly review the instrumental seismicity databases consisting of the most important global, 

regional and national seismic networks as well as resources of the historic earthquakes within 

Iran and the Middle East region in brief. The importance and necessity of earthquake data in 

form of uniform catalogs, the qualities of catalogs as well as declustering and its needs is then 

represented. In the following, I will describe the most comprehensive uniform seismicity 

catalogs compiled in the recent years as a basic data in order to conduct seismic hazard 

studies in Iran and the Middle-East. The Poisson distribution of the Iranian declustered 

earthquake catalog is also investigated. In addition, catalogs of the Iranian earthquake 

intensities, one as a catalog of the earthquakes with maximum intensities (Imax) in Iran and the 

other studies such as an Iranian earthquake intensity database for the time period of 1975 - 

2000 are then discussed. It should be noted that since the strong motion records are essential 

data for engineering purposes, I will describe the strong motion data acquisition and 

processing in an individual investigation in the Chapter 3. Finally, I will discuss the 

uncertainties associated with the seismicity datasets and catalogs and explain that why more 

work must be continued. 

2-2.   Seismicity Databases 

The great progress made in seismology in the past 50 years has been stimulated principally 

by the availability of steadily improving data obtained by seismic networks. In the following, 

the most important active global, regional and national seismic networks are briefly 

described. These datasets provide basic data for compiling new uniform seismicity catalogs. 

2-2.1. Global Agencies 

The most important global agencies that record and report Iranian earthquakes are as 

following: 

• ISC, International Seismological Centre UK: The ISC center collects and recalculates 

earthquake parameters from national and local agencies (from 1900 to now). Earthquake 

data related to Iran and the Middle-East are available from 1909 (ISC, 2016). 
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• EHB, Bob Engdahl: Indeed, the EHB catalog is a recalculated version of the ISC Bulletin 

based on an improved algorithm for hypocenter calculation by Engdahl et al. (1998). This 

databank includes 141,478 seismic events occurred during 1960 to 2008. 

• NEIC, National Earthquake Information Center: This center reports the epicenter of the 

recorded earthquakes from 1973 to the present (USGS website; NEIC Bulletins US, 

2016). 

• HRVD, Harvard Centroid Moment Tensor (CMT) Catalog: This catalog provides focal 

mechanism database from January, 1976, to about 6 months before the present (Harvard 

CMT Catalog website; Harvard CMT Catalog, 2016). 

2-2.2. Regional Agencies 

There are several seismic datasets belonging to the countries of the Middle East region, 

among which the most important networks are listed below. These catalogs were provided 

through the meetings for the Earthquake Model of the Middle East region (EMME) project. 

• The Armenian catalogs are reporting only mb as the magnitude value. Regarding their 

report, they had used the data from the new catalog of strong earthquake in USSR (NCUS 

SR) for the events up to 1975. The other source of data is the Russian Space System 

Cooperation (RSSC) catalog. 

• The main sources for Georgia data are SMCG and EDIG. 

• The National Center of Geophysical Research (NCGR) was established in 1975 by the 

National Council of Scientific Research (CNRS) in Lebanon. Nowadays, the seismic 

national network of this country with title of “Geophysical Research Arrays of Lebanon 

(GRAL)” is expanding. 

• The main source of all Turkey’s records is “ISK” prepared by the Kandilli Observatory, 

Bogazici University in Istanbul. The institute provides both broad-band and strong motion 

data recorded for throughout Turkey. 

• The main source for the seismic monitoring and tsunami early earning in Pakistan is the 

Pakistan Meteorological Department (PMD). The PMD started recording events since 

1954 using analogue equipments and then replaced all the paper equipments with the 

digital ones since 2005. 
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• More than 20 short period digital stations which account as the Syrian National 

Seismological Network (SNSN) were established in 1995. 

• Egyptian National Seismograph Network (ENSN) has started its work in 2003. 

• Kuwait National Seismic Network (KNSN) was established in 1996 and has started to 

monitor the seismicity of this small country. 

2-2.3. National Agencies 

• IRSC: The Iranian Seismological Centre, University of Tehran: The IRSC was the first 

research center responsible for recording the seismic events in Iran. The center installed 

the first seismic station in Tehran in 1958. Until 1995, several analogue stations were in 

work in order to record earthquakes throughout the country. Since then, digital 

seismographs including three-component short-period, medium-band or broad-band 

seismometers were added to the network. Today, the IRSC network comprises 115 digital 

stations (http://irsc.ut.ac.ir/istn.php). The IRSC website provides data online from 2006 

up to the present. MN, a magnitude scale based on Lg wave (Nuttli, 1973), is provided by 

IRSC (Rezapour, 2005). 

• IIEES: Broadband Seismic Network of Iran, International Institute of Earthquake 

Engineering and Seismology: the broadband Seismic network of Iran was designed and 

operated in 1998, including 4 stations in Ashtian, Naien, Hashtgerd and Zahedan. Until 

the end of 2016, the number of seismic stations had been increased to 26 (IIEES, 2016). 

The seismic stations of IIEES and IRSC networks are depicted in Fig. 2-1. 

2-2.4. Historic Datasets of the Middle East region 

 “A History of Persian Earthquakes” (Ambrasys and Melville, 1982), “The seismicity of 

Egypt, Arabia and the Red Sea” (Ambraseys et al., 2005), “Earthquakes in the Mediterranean 

and Middle East” (Ambraseys, 2009), and “The SHARE European Earthquake Catalogue 

(SHEEC) 1,000–1,899” (Stucchi et al., 2012) are considered as the main resources of 

historical earthquake information on the Middle-East region. 
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Fig. 2-1. Seismic Networks of Iran 

2-3.   Catalogs  

A uniform and comprehensive earthquake catalog, which contains both historic and 

instrumental earthquake data, is an essential tool in any seismic hazard analysis in each 

region. Prehistoric and historic events are those for which no instrumental recording was 

possible and they are related to the time mostly before 1900. The sources of information to 

identify prehistoric and historic earthquakes are usually paleoseismic investigations, 

archaeological information and qualitative descriptions. Instrumental earthquakes are those 

which have been recorded by seismic instruments mostly after 1900. The instrumental 

catalogs are mainly divided into two time sections: early instrumental (before 1960-1964) and 

modern instrumental (since 1964) catalogs. 

Earthquake catalogs should be declustered for time-independent seismic hazard analysis. 

In this regard, seismicity declustering is important because: (1) from mechanism viewpoint, 

mainshock as independent earthquakes are assumed to be mostly caused by secular, tectonic 
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loading or, in the case of seismic swarms, by stress transients that are not caused by previous 

earthquakes, while earthquakes that depend on each other like aftershocks, foreshocks, or 

multiples, correspond to earthquakes triggered by static or dynamic stress changes, 

seismically-activated fluid flows, after-slip, etc., hence by mechanical processes that are at 

least partly controlled by previous earthquakes (van Stiphout et al., 2012) and (2) mainshocks 

are considered as the realization of a point process modeled by a generalized Poisson 

distribution, since it is a condition for use of probability functions in the probabilistic seismic 

hazard analysis (PSHA) method (Cornell, 1968). 

The first algorithm for declustering a seismic catalog was defined by Knopoff in 1964. 

In this algorithm, the occurrence of time intervals in which an excessive number of 

earthquakes occurred was taken to be an identifying marker that an aftershock sequence was 

present in the interval. This procedure lead to non-Poisson results for the main shock residual 

Gardner and Knopoff (1974). 

In 1974, Gardner and Knopoff introduced a window-based method named the 

mainshock-window algorithm. The conceptual idea of this method is to distinguish dependent 

events which are located within the specified space-time windows belonging to a mainshock. 

Therefore, for each mainshock in the catalog with magnitude M, the subsequent shocks are 

identified as aftershocks if they occur within a specified time interval T(M), and within a 

distance interval L(M). 

 In 1985, Reasenberg introduced a clustering approach for identifying aftershocks by 

linking earthquakes to clusters according to spatial and temporal interaction zones. In this 

regard, a space-time window defined based on the Omori law, is calculated for all the seismic 

events, not only the mainshocks and then the aftershocks are linked to an earthquake cluster. 

Earthquake clusters thus typically grow in size when processing more and more earthquakes. 

There are also other approaches such as stochastic declustering methods (e.g. Vere-

Jones, 1970; Zhuang et al., 2002; Marsan and Lengline, 2008); waveform similarity approach 

(Barani et al., 2007); single-link cluster analysis (e.g. Frohlich and Davis,1990; Davis and 

Frohlich,1991) and others. Defined algorithms by Gruenthal (pers. comm.) and Uhrhammer 

(1986) are also some of the most applied methods for declustering in the ZMAP software 

under Matlab. Among these different proposed algorithms, the methods proposed by Gardner 

and Knopoff (1974) or Reasenberg (1985) are the most popular methods due to their 

simplicity. In the following, I present and describe the most important catalogs prepared for 

the Middle-East region and Iran. 
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2-3.1. Recent developments of the Middle East catalog (EMME catalog) 

* Source Article: Zaré M., Amini H., Yazdi P., Sesetyan K., Demircioglu M.B., Kalafat D., 

Erdik M., Giardini D., Asif Khan M. and Tsereteli N., (2014), “Recent developments of the 

Middle East catalog”, Journal of Seismology, Vol 18., pp.749–772, DOI: 10.1007/s10950-

014-9444-1. 

In this section, I present the developments of the Middle East earthquake catalog (EMME 

catalog), an analysis taken from the published article by Zaré et al (2014) which was 

established in the framework of the Global Earth model (GEM) and the Earthquake Model of 

the Middle East (EMME) project. In this study, a new uniform catalog of earthquakes in the 

Middle East region was developed in order to prepare a reliable and most complete collection 

of available information of seismicity in this region. In addition, some of the seismicity 

information, i.e., number of events, range of magnitudes, and magnitude completeness (Mc) 

and seismicity depths of this region were also determined. 

Earthquake database: 

The first step for preparing a uniform earthquake catalog is to acquire all the available 

databases in the study region. The databases used in this research include both global (NEIC, 

ISC and EHB) and local networks (IIEES, IRSC, KOERI). Moreover, some published 

earthquake catalogs were also used including, “A History of Persian Earthquakes” 

(Ambrasys and Melville, 1982), “The seismicity of Egypt, Arabia and the Red Sea” 

(Ambraseys et al., 2005), and “Earthquakes in the Mediterranean and Middle East” 

(Ambraseys, 2009). 

Uniform catalog: 

To preparing a unified catalog, we need to uniform all of the magnitudes to one scale. For 

this purpose, all events with two magnitudes from mb, ML, Ms, and Mw were considered. 

After finding appropriate relations between them, the magnitude of all events was converted 

to Mw. The results of the derived relationships are represented in Table 2-1.  

Now, in this catalog, all of the magnitude scales were unified using regional conversion 

equations between mb, Ms, ML, and Mw and were converted to magnitude in Mw scale. 

After omitting events with zero magnitudes and erroneously large depth (Wyss et al., 2001), 

there will be a catalog with 28,244 events from all of historical and instrumental events, in 
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Mw magnitude scale. This catalog contains events with magnitudes 4.0–8.1 between 1250 

B.C. and 2006 of which 22,427 events occurred between 1976 and 2006 in the last 30 years. 

Table 2-1. Relationship between Ms, Ml, mb, and Mw in the Middle East region by comparing the 

recorded magnitude of the events. 

Magnitude type  Conversion relation Boundary R2 Number σ  

mb, Mw Mw = 0.87 mb + 0.83 3.5≤mb≤6.0 0.88 16,752 0.3 This study 

Mw = 0.85(±0.04) mb + 1.03(±0.23) 3.5≤mb≤6.2 0.53 39,784 0.29 Scordilis 

Ms, Mw Mw = 0.66 Ms + 2.11 2.8≤Ms≤6.1 0.94 4,123 0.28 This study 

Mw = 0.93 Ms + 0.45 6.2≤Ms≤8.2 0.88 129 

Mw = 0.67 (±0.005) Ms + 2.07(±0.03) 3.0≤Ms≤6.1 0.77 23,921 0.17 Scordilis 

Mw = 0.99 (±0.02) Ms + 0.08(±0.13) 6.2≤Ms≤8.2 0.81 2,382 0.2 

Ml, Mw Mw = 1.01 Ml – 0.05 4.0≤Ml≤8.3 0.98 2,271 0.25 This study 

Declustering catalog: 

The Middle East catalog was first declustered with the Gardner and Knopoff (1974), 

Gruenthal (pers. comm.), Uhrhammer (1986), and Reasenberg (1985) algorithms. These 

declustered catalogs contain 10,131; 7,272; 16,569; and 24,530 events, respectively. Then, 

we used the merged declustered catalog with omitting foreshocks and aftershocks by Stefan 

Wiemer’s ZMAP package for MATLAB to apply Gruenthal’s algorithm, resulting in a 

minimum number of events in the catalog after declustering, in order to be sure that the 

dependent events are eliminated from the catalog of the mainshocks. Finally, there are 378; 

1,058; and 5,837 events in the period before 1900 (historical earthquake), 1901–1963 (early 

instrumental earthquake), and 1964–2006 (modern instrumental earthquake). 

Seismicity information: 

The database of the Middle East region after declustering present a set of uniform 

information for 7,272 earthquakes including historical and instrumental recorded events from 

1250 B.C. through 2006. After the declustering, there is only one event with magnitude more 

than 8 in this region (Mw=8.1, 1945), which belongs to the Makran subregion. Moreover, the 

number of events between 7–8, 6–7, and 5–6 are 125, 444, and 1,897 using Gruenthal 

algorithm. M=4.0 is selected to be the minimum magnitude in adding data from different 

catalogs for the Earthquake Model of the Middle East catalog. Thus, maximum and minimum 
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magnitudes in the catalog would be 4.0 and 8.1, respectively (Fig. 2-2). 

 
Fig. 2-2. Catalog of the Middle East region from 1220 B.C. to 2006, with Mw≥5.0. Magnitudes 
between 5–6, 6–7, 7–8, and more than 8 are shown in yellow, red, green and blue, respectively. 

 

As felt by humans, the magnitude of completeness for historical period of time is around 

6 and 7. For instrumental earthquakes, depending on the region and accuracy of seismogram 

recorded, Mc can be presented by recorded events which have different value. In this 

investigation for the Middle East region and each subregion, Mc was calculated using two 

main methods: the traditional and common method based on the cumulative frequency–

magnitude distribution (Gutenberg and Richter, 1944; Richter, 1958) and seismological 

analysis of the frequency-magnitude distribution in the software ZMAP (Wiemer 2001; 

Dixon et al.,2005). The Mc for each subregion of Middle East is presented in Table 2-2. 

Based on this table, the Mc was determined as 4.9 for five out of nine subregions, where the 

least value of Mc was found to be 4.2. The total threshold of magnitude based on all Middle 

East earthquake data was calculated as 5.5, 5.0, 4.5, and 4 (or less than 4) for the time periods 

before 1950, 1963, 1975, and 2000, respectively. 

For recent investigation in Middle East region, the events with erroneously large depth 

and with magnitude zero were omitted. Moreover, we omitted the events with depth of 33, 
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because this is an assumption that depth for the events do not determine in an exact value. 

Examination of the focal depth within the Middle East region imply that the location 

discrepancies for larger earthquakes are considerably less than discrepancies for smaller 

events and there is no significant improvement in location determination with respect to the 

occurrence time of earthquakes in the period of 1800 to 2006 in this region. Averages of 

depth for each subregion are estimated using the software ZMAP (Wiemer, 2001) (Table 2-

2). The average of teleseismic depths in all regions is less than 15 km. Totally, majority of 

depth for Kopeh–Dogh and Central Iran, Zagros, and Alborz–Azarbayjan is approximately 

15, 13, and 11 km, respectively; all of them have depths with more than 10 km. Majority of 

depth for Afghanistan–Pakistan, Caucasus, Makran, and Turkey (after 30° E) is 9 km and 

Saudi Arabia has depth of 8 km. 

 

Table 2-2. Some of the information on seismicity for each section, Magnitude (maximum and Mc), 

Depth (maximum and with depth of zero) 

Number Name of Section 
Magnitude  Depth Average 

Depth 
Start year 

Depth reported by 

Mirzaei et al (1997) Mc Mmax  Max = 0 

1 Afghanistan-Pakistan 4.9 7.9  300 184 9 818  

2 Kopeh-Dogh 4.9 7.6  46 80 15 10 7~35 

3 Central-Iran 4.9 7.7  106 91 15 734 8~20 

4 Makran 4.8 8.1  164 19 9 1483 Up to 60 

5 Zagros 4.9 7.4  185 147 13 859 8~15 

6 Alborz-Azarbayjan 4.3 7.8  92 419 11 550 B.C. 7~35 

7 Caucasus 4.2 7.0  165 67 9 1,250 B.C.  

8 Turkey (after 33˚E) 4.4 7.7  169 375 9 995  

9 Saudi Arabia 4.9 7.5  101 109 8 31 B.C.  
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2.3.2. Iranian earthquakes, a uniform catalog with moment magnitudes (3rd 

millennium BC - 2010) 

* Source Article: Karimiparidari S., Zaré M., Memarian H. and Kijko A., (2013), “Iranian 

earthquakes, a uniform catalog with moment magnitudes”, Journal of Seismology, Vol.17, 

pp.897–911. DOI:10.1007/s10950-013-9360-9. 

In this section, I present the developments of a uniform catalog with moment magnitudes (3rd 

millennium BC - 2010), an analysis taken from the published article by Karimiparidari et al 

(2013). The aim of this study was to develop an updated seismicity catalog for Iran, which 

would be as accurate as possible. In this respect, all available national and international 

databanks were used to compile the new catalog. Earthquakes that have occurred within a 

magnitude range of MW 3.5–7.9, from the third millennium BC until April 2010 were 

included. To achieve this purpose, several orthogonal regressions (OR) between different 

magnitude types were developed using overlapping events as input data, which led to define a 

procedure for creating a uniform catalog. The final catalog includes more than 10,000 

earthquakes, in which all dependent events (foreshock and aftershocks) were detected based 

on the well-known procedure described by Gardner and Knopoff (1974). The seismicity 

parameters were also calculated for the six main seismotectonic zones of Iran, i.e., Zagros, 

Alborz, Central Iran, Kope Dagh, Azerbaijan, and Makran. 

Sources and data: 

There are two main sources of information on historic Iran earthquakes, one compiled by 

Ambraseys and Melville (1982) and the other by Berberian (1994). Moinfar et al. (1994) 

collected a set of historical and instrumental earthquake data which was referred in this study 

to confirm the magnitude of some events. Some of the obstacles encountered during research 

were that the catalogs cover different time periods. The instrumental data were compiled 

from several national and international agencies including IIEES, IRSC and BHRC as 

national sources as well as ISC, NEIC, EHB, HRVD and MOS as global datasets (for more 

explanation about these national and international agencies, see section 2-2). 

Table 2-3 shows the catalogs used for this study. The authors had to set some priority for 

both the magnitude and the location of an event in order to choose specific data from the 

collected information. The first assumption was that earthquake magnitudes available from 

global catalogs are more accurate than those provided by the local catalog for the same 
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earthquake. In addition, an obvious criterion for catalog selection was magnitude uncertainty; 

earthquake magnitudes were selected from catalogs that provide the most reliable magnitudes 

with the lowest uncertainty (Wang et al. 2009). The HRVD catalog has higher priority than 

other catalogs because of reporting moment magnitude. The location of seismic events was 

selected according to the procedure proposed by Wang et al. (2009). Table 2-4 shows the 

applied strategy used in the determination of earthquake magnitude, location, and intensity. 

 

Table 2-3. Available catalogs used for different time periods 

 
Amb: Ambraseys and Melville (1982); Ber: Berberian (1994); BHRC: Building and Housing Research Centre (2010); 
EHB: Bob Engdahl (from ISC, 2010); HRVD: Harvard Centroid Moment Tensor Catalog (2010); IIEES: International 
Institute of Earthquake Engineering and Seismology (2010); IRSC: The Iranian Seismological Centre, University of 
Tehran (2010); ISC: International Seismological Centre (2010); Moinfar: Moinfar et al. (1994); MOS: Institution of the 
Russian Academy of Sciences (2010); NEIC: National Earthquake Information Center (2010). 

Table 2-4. Priority to choose magnitude and location from international and national databanks 

Magnitude Priority Location Priority Intensity Priority 

HRVD EHB Amb 

Amb Amb Ber 
ISC IIEES  
NEIC  IRSC  
MOS BHRC  
IIEES ISC  
IRSC NEIC  
BHRC HRVD  
Ber Ber  
Moinfar MOS  

 Moinfar  

 

Estimating the moment magnitude: 

In this study, the moment magnitude (Mw) was chosen as the standard, since it has a strong 

physical foundation, and most of the ground motion prediction equations use Mw magnitude 
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as an input parameter. The authors, therefore, developed several relationships between 

moment magnitude and other magnitude types in order to convert them into Mw (Table 2-5). 

Orthogonal Regression (OR) was used to account for the effects of measurement error in both 

the variables. After converting all magnitudes into Mw, all earthquakes with Mw<3.5 were 

removed from the newly compiled catalog. In order to create a uniform catalog in terms of 

Mw magnitude, the following procedure was applied: 

1.  If Mw is available: use Mw. 

2.  If Mw is not available and 6.1≤MS≤7.4: use Eq. 2-2. 

3.  If Mw is not available and 3.5≤mb≤6.0: use Eq. 2-3. 

4.  If Mw and mb are not available and 3.0≤MS<6.1: use Eq. 2-1. 

5.  If Mw and MS are not available and 6.0<mb: first use Eq. 2-4, then use Eq. 2-1 or 2-2. 

6.  If Mw, MS, and mb are not available and 3.5≤MN≤ 6.3: use Eq. 2-5. 

7.  If ML is the only available magnitude and 3.4≤ML≤6.3: use Eq. 2-6. 

Table 2-5. Developed relations for transition of MS, mb, ML and MN to Mw 

Parameter 
Transition 

Magnitude Range Relation RMSE 

MS to Mw 3.0 ≤ MS≤ 6.1 Mw = 0.623642 (±0.015)×MS+ 2.289902 (±0.076)        (2-1) 0.19 
MS to Mw 6.1 ≤ MS≤ 7.4 Mw = 0.988974 (±0.054) × MS+ 0.040903 (±0.355)      (2-2) 0.15 
mb to Mw 3.5 ≤ mb≤ 6.0 MW = 1.137129 (±0.026) × mb- 0.500249 (±0.134)       (2-3) 0.27 
mb to MS 6.0<mb MS = 1.572622 (±0.022) × mb - 3.071216 (±0.092)       (2-4) 0.47 
MN to Mw 3.5≤ MN ≤ 6.3 Mw = 0.738540 (±0.044) × MN + 1.409211 (±0.226)    (2-5) 0.20 
ML to Mw 3.4≤ ML≤ 6.3 Mw = 0.696736 (±0.047)ML + 1.621469 (±0.230)         (2-6) 0.32 

 

Fig. 2-3 depicts all the earthquakes of the catalog of Iran and its vicinity over the time span 

from the third millennium BC to 2010. 

Seismicity parameters: 

The area-characteristic seismicity parameters, the maximum magnitude, Mmax, the b value of 

Gutenberg– Richter, and the mean seismic activity rate λ were calculated for each of the six 

seismotectonic zones of Iran. The Mmax, b, and λ parameters were calculated by Matlab code, 

which takes into account the latest extension of the procedure developed by Kijko and 

Sellevoll (1989, 1992). The applied procedure takes into account the incompleteness of the 

seismic event catalog, the uncertainty of earthquake magnitudes, and the approximate nature 

of distributions describing the seismicity of the area (Kijko 2010). 
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Fig. 2-3. Map showing a total cataloged earthquakes for the period third millennium to 2010 

In order to calculate the level of completeness for the instrumental part of the newly 

compiled catalog, the authors applied the maximum curvature, MAXC, technique (Wyss et 

al. 1999; Wiemer and Wyss 2000) by ZMAP (Wiemer 2001). In this method, the maximum 

value of the first derivative of the frequency–magnitude curve is computed which matches 

the magnitude bin with the highest frequency of events in the noncumulative frequency–

magnitude distribution (FMD) (Mignan and Woessner 2012). The magnitude of completeness 

is in the range of 4.4 to 4.5; these values are used as the magnitude threshold in the 

calculation of seismicity parameters. 

Earthquake events are classified to prehistoric, historic, and complete catalogs, each with 

specific uncertainty. The magnitude uncertainty of prehistoric and historic catalogs varies 

from 0.3 to 0.7 based on the quality of reported event. This uncertainty changes from 0.1 up 

to 0.4 in the complete catalogs based on the time which the earthquake occurred and the 

magnitude. The estimated Mmax, b value, and λ are as shown in Table 2-6. The authors could 

not calculate the Mmax for the Makran zone because of the lack of data.  

Table 2-6. Seismicity parameters for six seismotectonic zones of Iran 

Zone Name b value  λ Mmax calculated MW (max observed) 

Alborz Mountain Range 1.15±0.04 3.03±0.26 (MW =4.4) 7.8±0.4 7.7 
Central Iran 1.13±0.05 2.30±0.28 (MW =4.5)   7.7±0.4 7.6 
Zagros Mountain Range 1.20±0.03 9.65±0.58 (MW =4.4)  7.5±0.2 7.4 
Kope Dagh 1.05±0.06 1.37±0.26 (MW =4.5)   7.7±0.5 7.6 
Azerbaijan 1.07±0.04 0.71±0.18 (MW =4.5) 7.9±0.4 7.7 
Makran 1.08±0.07 2.04±0.34 (MW =4.5) – 8.0 
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2-3.3. A unified seismic catalog for the Iranian plateau (1900-2011) 

* Source Article: Shahvar M.P, Zaré M., and Castellaro S., (2013), “A Unified Seismic 

Catalog for the Iranian Plateau (1900–2011)”, Seismological Research Letters, Vol.84, 

No.2, pp. 233-249, doi: 10.1785/0220120144. 

In this section, I present the developments of a uniform catalog for the Iranian plateau (1900-

2011), an analysis taken from the published article by Shahvar et al. (2013). In this research, 

a unified and homogeneous catalog was presented for the Iranian plateau (Mw ≥4), created 

by merging data from two local catalogs and seven international agencies, each one covering 

the magnitude scale and period illustrated in Fig. 2-4. The moment magnitude (Mw) is 

chosen as reference for its physical meaning (Kanamori, 1977) and because it does not 

saturate. In this attempt to convert different magnitude scales to Mw, regression relations that 

take into account errors on both variables are used, and a specific statistical analysis shows 

that the region under study (24°N–42°N, 43°W–66°E) is better described when subdivided 

into two tectonic domains, Zagros and Alborz–Central Iran, characterized by different 

regression relations. The unified catalog for the Iranian plateau, spanning 1900–2011, is 

finally presented also in a declustered form for time-independent seismic hazard estimates. 

 

Fig. 2-4. Earthquake magnitude scales provided by the catalogues used to compile a unified catalogue 

for Iran between 1900 and 2012. 

Regional differences in magnitude conversion relations: 

The Iranian Plateau is wide, and there could exist statistically different magnitude conversion 

relations for different tectonic domains. In a previous study by Mirzaei et al. (1997), Ms–mb 
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conversion relations were derived separately for four tectonic regions, namely, Alborz, 

Zagros, Makran, and Central Iran. We used the Tukey (J. W. Tukey, unpublished manuscript, 

1953; Kramer, 1956) honest significant difference method to compare the 95% confidence 

interval of different population marginal means. This technique compares the means of two 

or more samples based on the one-way analysis of variance (ANOVA) and the Student’s t-

distribution (Tukey, 1991). Results showed that the parameters for Alborz and Central Iran 

do not differ in a statistically significant way. The two zones will therefore be considered as a 

unique zone, called Alborz–Central Iran. On the opposite, the Ms–mb, ML–MN, and Mw–

mb relations are found to differ significantly for the Alborz–Central Iran and the Zagros 

region, which will therefore be treated separately. 

New magnitude conversion relations: 

Standard least-square regression (SR) is still the most-used method to derive magnitude 

conversion relations (e.g. Mirzaei et al., 1997, for Iran; Bindi et al., 2005, for Italy; 

Braunmiller et al., 2005, for Switzerland; Chen and Tsai, 2008, for Taiwan; Yadav et al., 

2009, for India). However, its basic assumptions, that is, (1) the independent variable (x) is 

measured with no error and (2) the measurement error on the dependent variable (y) is 

normally distributed and its variance is nearly constant across the observations (Draper and 

Smith, 1998), are rarely satisfied in practice (Castellaro et al., 2006). To derive the 

conversion laws between magnitude types, we also apply the orthogonal regression (OR), and 

because the ratio between the variable variance (η) is not known, we assume it to be η=1, 

with the limitations described in Castellaro and Bormann (2007) and Gutdeutsch et al. 

(2011). Results of the regression relations for each couple of magnitudes using the OR, SR 

and Inverse Standard least-squares Regression (ISR) are shown in Table 2-7.  

Priority order: 

The Kullback–Leibler (KL) divergence is a nonsymmetrical measure of the difference 

between two probability distributions. Scherbaum et al. (2009) introduced a quantity (LLH, 

which is the negative average sample log likelihood of the model g), based on the second 

term of the KL divergence. This is defined as 

LLH:= − 1
��log�gx��,

�

���
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In which N is the number of observations x. We have ranked the candidate models for our 

calculated magnitude conversion according to their relative LLH divergence, thus creating a 

priority-order list. 

Table. 2-7. Regression relations for each couple of magnitudes. The chosen regression for each 

magnitude couple is shown by bold.  

Coefficient of relationships Adjusted R2 Root mean square error 

 Regression relation between MS - MW  (MS < 6.1)      
SR :   MW ← 0.589 (±0.012)MS +2.420 (±0.055) 0.872 0.145 
ISR :  MS ← 1.483 (±0.029)MW -2.996 (±0.152) 0.678 0.230 
OR :  MW = 0.611(±0.010) MS +2.314 (±0.047) 0.871 0.124 

 Regression relation between MS - MW  (MS ≥ 6.1) 
 

  
SR :   MW ← 0.887 (±0.047)MS +0.656 (±0.316) 0.862 0.171 
ISR :  MS ← 1.004 (±0.043)MW +0.072 (±0.285) 0.848 0.179 
OR :  MW = 0.949 (±0.029) MS +0.243 (±0.192) 0.858 0.126 

Regression relation between mb-MW  Alborz-Central Iran region 
 

  
SR :   MW ← 1.107 (±0.052)mb +0.117 (±0.273) 0.780 0.213 
ISR :  mb ← 0.665 (±0.034)MW +1.556 (±0.186) 0.860 0.207 

OR  :  MW = 1.303 (±0.034)mb -1.292 (±0.178) 0.759 0.153 
Regression relation between mb - MW  Zagros region 

 
  

SR :   MW ← 0.917 (±0.023)mb +0.507 (±0.115) 0.796 0.341 
ISR :  mb ← 0.869 (±0.022)MW +0.568 (±0.111) 0.806 0.274 

OR  :  MW = 1.030 (±0.017)mb -0.057 (±0.082) 0.784 0.223 
Regression relation between  ML - MW 

 
  

SR : MW← 0.701(±0.036) ML+ 1.656(±0.176) 0.793 0.190 
ISR:ML← 1.138 (±0.059) MW - 0.904(±0.296) 0.664 0.242 
OR : MW=0.763(±0.029) ML + 1.355 (±0.142) 0.787 0.153 

Regression relation between  MN - MW 
 

  
SR :MW ←0.768(±0.035)MN +1.272(±0.183) 0.816 0.197 
ISR:MN←1.067(±0.049) MW – 0.430 (±0.257) 0.745 0.233 
OR :MW = 0.834(±0.028) MN + 0.932 (±0.143) 0.810 0.154 

Regression relation between MN–ML  Alborz-Central Iran region 
 

  
SR :   ML ← 0.921 (±0.012)MN +0.125 (±0.044) 0.849 0.19 
ISR :  MN ← 0.922 (±0.012)ML +0.432 (±0.042) 0.848 0.19 
OR  :  ML = 0.999 (±0.009)MN -0.160 (±0.032) 0.842 0.137 
Regression relation between MN – ML  Zagros region 

 
  

SR :   ML ← 0.945 (±0.009)MN +0.123 (±0.032) 0.871 0.181 
ISR :  MN ← 0.922 (±0.009)ML +0.350 (±0.030) 0.875 0.179 
OR  :  ML = 1.014 (±0.006)MN -0.123 (±0.023) 0.867 0.13 
Regression relation between mb–MS  Alborz-Central Iran region 

 
  

SR :   MS ← 1.285 (±0.027)mb -1.653 (±0.124) 0.746 0.436 
ISR :  mb ← 0.581 (±0.012)MS +2.100 (±0.052) 0.885 0.293 
OR  :  MS = 1.576 (±0.016)mb -2.965 (±0.072) 0.708 0.251 
Regression relation between mb – MS  Zagros region 

 
  

SR :   MS ← 1.071 (±0.021)mb -0.866 (±0.095) 0.648 0.414 
ISR :  mb ← 0.606 (±0.012)MS +2.081 (±0.047) 0.801 0.311 
OR  :  MS = 1.420 (±0.013)mb -2.415 (±0.060) 0.579 0.26 
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We have tested four regression relations (450 data pairs for Ms–Mw, 532 for mb–Mw, 

108 for MN–Mw, and 98 for ML–Mw) and three different models (OR, SR, and ISR) for each. 

Results are summarized in Table 2-8a. SR and OR give very close results in the Ms–Mw 

relation. ISR shows instead better performances in the mb–Mw model. OR appears to be the 

best estimator in the relations involving MN and ML. The global Ms–Mw and mb–Mw 

relations determined by Scordilis (2006) are also investigated (Table 2-8b). These, being 

based on large databases and wider derivations, exhibit larger LLH. 

We now apply the method to 70 events for which ML, MN, and Mw are available and 

find (Table 2-8c) that OR applied to MN performs better in estimating Mw rather than ML. 

Between mb and Ms in estimating Mw , lower dispersion is provided by Ms. 

As a final step, the proposed ranking criterion is applied to 50 events reported in five 

different magnitude scales (Mw, Ms, mb, ML, and MN). Table 2-8d shows the LLH of the 

events for the resulting 14 relations. Ms–Mw OR, characterized by the lowest LLH, has to be 

considered the best model. This is followed by the Mw–MN OR.  

The procedure we have followed practically consists of the calculation of the best 

available regression model. An alternative procedure would consist of the calculation of a 

weighted mean Mw from the original magnitudes. 

Table. 2-8. Average log-likelihood (LLH) values. Equations with the lowest LLH value (bold) are the 

best performers 

Relation Regression  type LLH 

(a)  MS-MW (n=429) OR 0.512 

SR 0.533 
ISR 4.541 
Scordilis (2006) 0.582 

      mb-MW (n=583) OR 0.879 
SR 0.846 
ISR 0.729 
Scordilis (2006) 1.038 

      MN-MW (n=106) OR 0.687 
SR 0.695 
ISR 0.689 

      ML-MW (n=98) OR 0.657 
SR 0.668 
ISR 0.798 

(b)  MS-MW (n=407) OR 0.486 

SR 0.516 
ISR 5.012 
Scordilis (2006) 0.559 

      mb-MW (n=407) OR 0.874 
SR 0.855 
ISR 0.788 
Scordilis (2006) 1.039 

 

Relation Regression  type LLH 

(c)  MN-MW (n=70) OR 0.669 

SR 0.675 
ISR 0.671 

       ML-MW (n=70) OR 0.682 
SR 0.689 
ISR 0.764 

(d)  MS-MW (n=50) OR 0.523 
SR 0.543 
ISR 5.712 
Scordilis (2006) 0.534 

       mb-MW (n=50) OR 0.6685 
SR 0.7301 
ISR 0.6089 
Scordilis (2006) 0.8919 

       MN-MW (n=50) OR 0.7079 
SR 0.7119 
ISR 0.7104 

       ML-MW (n=50) OR 0.6507 
SR 0.6747 
ISR 0.761 
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2-3.4. Poisson distribution of the Iranian Declustered Earthquake Catalog 

* Source Article: Zaré M., Karimiparidari S., Memarian H., Kamranzad F., (2016), 

“Poisson distribution of the Iranian declustered earthquake catalog”, Arab J Geosci  (2016) 

9:737, DOI 10.1007/s12517-016-2765-3. 

In this section, I present the poisson distribution of the ıranian declustered earthquake 

catalog, an analysis taken from the published article by Zaré et al. (2016). To test whether a 

declustered catalog collects independent events, we have to answer the question: can we 

disprove, to a certain level of significance, the null hypothesis that the declustered data set is 

drawn from the Poisson distribution? Therefore, failing to disprove the null hypothesis shows 

that the dataset can be consistent with the expected model. 

The goal of this research was to check the independence of the Iranian mainshocks 

based on Poisson model. But, before testing the Poisson distribution of mainshocks, it is 

essential to extract the mainshocks from a seismicity catalog using an appropriate 

declustering technique. To achieve this, it was first tried to modify and localize the 

coefficients of the space-time windows in the well-known and largely adopted declustering 

algorithm by Gardner and Knopoff (1974). Due to the comprehensiveness of the seismic 

catalog prepared by Karimiparidari et al. (2013) which covers a homogeneous moment 

magnitude ranged between Mw=3.5–7.9, and dating from the third millennium BC to April 

2010, this catalog was selected to determine the new modified space-time declustering 

windows for the Iranian seismic sequences as well as to investigate the Poisson distribution 

of the mainshocks. 

Localization of the coefficients of the space-time windows for declustering: 

According to Gardner and Knopoff (1974), the window-based declustering is a simple 

method by which time intervals and spatial distances corresponding to dependent events are 

determined as a function of the mainshock magnitudes. It is highly recommended to modify 

the coefficients of the declustering space-time windows based on the local observations in an 

area, in order to decrease the possible errors in the removal of independent events and making 

the mainshock distributions better follow the Poisson distribution. 

To modify and localize the coefficients of the space-time windows for the Iranian 

earthquake sequences, twenty one of the well-documented earthquake sequences with the 

mainshock magnitudes ranged between Mw=5.4-7.0 were extracted from the Iranian 
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earthquake catalog (Karimiparidari et al., 2013). In order to have an idea about the 

earthquake clusters, the new space-time windows were initially selected in a double size of 

the windows defined by Gardner and Knopoff (1974). Then, by mapping these initial selected 

earthquake clusters,  each seismic event that was near to the mainshock in terms of time and 

distance, was selected visually as a dependent event. The specified space-time intervals for 

each mainshock are shown in the Table 2-9. Based on this table, an exponential lub or 

envelope was fitted to the time and space of aftershock sequences. To develop an acceptable 

relation for the time window, the magnitude of mainshocks was divided into two parts: events 

with MW<6.5 and events with 6.5≤ MW. The new temporal equations were defined as below: 

wMeT 2803.1*2496.0=          Mw< 6.5 

wMeT 1727.0*86.324=           Mw ≥ 6.5 

Where T is the time in days and Mw is the moment magnitude of the mainshock. 

By fitting a suitable lub to the spatial data, the new space window is also defined as below: 

wMeR 286.0*10=  

Where R is the distance in kilometers. 

Table 2-9. Selected earthquake sequences and specified space-time distances of aftershocks to 
mainshock for each sequence. 

Date Location 

Mw 

Days after 

mainshock that 

aftershocks 

occurred  

Distance from 

mainshock that 

aftershocks occurred 

(Km) 
Year Month Day Latitude Longitude 

1981 7 28 29.97 57.77 7.1 852 56 
1977 3 21 27.58 56.36 7.0 1072 46 
1972 4 10 28.41 52.79 6.8 1052 67 
1998 3 14 30.14 57.59 6.6 711 54 
2003 12 26 28.9 58.28 6.5 927 58 
1990 4 21 28.15 55.61 6.4 835 53 
1999 3 4 28.27 57.21 6.4 609 58 
1999 5 6 29.52 51.91 6.3 763 58 
2005 2 22 30.72 56.78 6.3 595 31 
2008 9 10 26.94 55.72 6.1 490 - 
1993 3 1 29.14 52.64 6.0 410 34 
2006 2 28 28.13 56.79 6.0 293 35 
1983 7 12 27.60 56.40 5.9 285 30 
2005 11 27 26.79 55.81 5.8 191 36 
2006 3 25 27.50 55.62 5.8 120 51 
1998 8 11 29.88 51.66 5.8 175 36 
2003 7 10 28.33 54.16 5.6 288 37 
1988 3 30 30.85 50.18 5.6 127 35 
2002 9 25 32.06 49.32 5.5 157 39 
1990 12 16 29.02 51.31 5.5 120 37 
1998 11 13 27.80 53.64 5.4 172 37 
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The results of the new modified space-time windows in the current study were then compared 

to Gardner and Knopoff's (1974) windows in the Fig.2-5. According to this figure, using the 

Iranian earthquake sequences has led to introduce a bigger spatial window for the new model 

in comparison to the Gardner and Knopoff's (1974) window. In addition, the new modified 

time window shows two different trends: (1): For MW<6.5, the modified time window greatly 

corresponds to the Gardner and Knopoff’s time window. (2): For 6.5≤ MW, aftershocks occur 

during a longer time interval than the Gardner and Knopoff’s time window. 

  

Fig. 2-5. Comparison of the new modified space-time windows of this study to the Gardner and 

Knopoff's (1974) windows. 

Checking the independence of mainshocks in the declustered catalog: 

In order to control the independence of mainshocks, the events of the Iranian catalog 

(Karimiparidari et al., 2013) in the time span of 1964-2010 with Mw=3.5-7.4 were used. 

Then, the new modified space-time windows defined in this study were applied to the seismic 

catalog in the seven well-known seismotectonic zones of Iran. After declustering, to control 

whether the mainshocks follow a Poisson distribution or the distribution of the inter-event 

times are exponential, the Kolmogorov–Smirnov (KS) test was used. The time interval of 10 

days was considered. To control the validity of the method, the KS-test was performed on the 

both primary (non-declustered) and mainshock (declustered) seismic catalogs. The results of 

the aftershock removal, the test of the magnitude of completeness and the one-sample KS-test 

on the both primary and mainshock catalogs have been presented in Table 2-10. 

The results show that by using the modified space-time windows, 36%, 29% 45%, 26%, 

19%, 36% and 56% of the data have been removed in Alborz mount ranges, Azarbaijan, 

Central Iran, Kopet Dagh, Makran, North-West Zagros mountains and the South-East Zagros 

mountains, respectively. The P-values over 0.05 indicate that there is no significant 

difference between the two datasets. In this study, it shows that there is no significant 

difference between the type of the statistical distribution of the earthquakes with the type of 



Chapter 2: Database and Seismicity Catalogs 
 

  42 
 

experimental distribution (Poisson or exponential). In this respect, the results of the one-

sample KS-test show that the primary catalogs generally does not follow the Poisson 

distribution in the most seismotectonic zones. The primary catalog of Kopet Dagh is close to 

a Poisson distribution with the P-value of 0.05 and the primary catalog of Makran is the only 

exception that completely follows the Poisson distribution with the P-value of 0.52. The 

Poisson distribution of the primary catalog of Makran before the aftershock removal is likely 

due to lack of enough data in this seismotectonic zone. The results of the KS-test on the 

successful declustered inter-event times indicates that the inter-event times of the all catalogs 

follow an exponential distribution (Table 2-11). Results of the one-sample KS-test show that 

all the declustered catalogs in the seismotectonic zones follow the Poisson distribution. 

Table 2-10. The results of the aftershock removal, test of the magnitude of completeness and one-

sample KS-test on the primary and declustered catalogs for 7 seismotectonic zones of Iran. 
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Alborz Mountain Range 507 325 4.2 0.27 0.12 0.069 0.003 2.81 0.12 0 1 
Azerbaijan 738 526 4.2 0.38 0.15 0.06 0.004 2.45 0.15 0 1 
Central Iran 1266 698 3.9 0.71 0.32 0.171 0.03 7.02 1.23 0 0.1 
Kopet Dagh 351 260 4.1 0.18 0.11 0.033 0.005 1.35 0.22 0.05 1 
Makran 306 249 4.2 0.17 0.1 20 0.005 0.82 0.19 0.52 1 
NW Zagros Mountains  1853 1192 4.5 1.06 0.32 0.14 0.017 5.75 0.69 0 0.74 
SE Zagros Mountains  2559 1280 4.4 1.47 0.35 0.203 0.015 8.32 0.61 0 0.86 

Table 2-11. Results of the one-sample KS-test on inter-event times for 7 seismotectonic zones of Iran. 

Seismotectonic Zone 
N (no. of 

inter-event 
times) 

Exponential 
parameter 

(Mean)  

Most Extreme 
Differences 

Kolmogorov-
Smirnov Z 

Asymp. 
Sig. (P-
Value)  

Alborz Mountain Range 195 86.24 0.058 0.81 0.53 
Azerbaijan 249 67.42 0.056 0.88 0.43 
Central Iran 274 60.83 0.049 0.81 0.53 
Kopet Dag 172 97.83 0.071 0.94 0.35 
Makran 168 99.3 0.053 0.69 0.73 
NW Zagros Mountains 516 32.62 0.048 1.09 0.19 
SE Zagros Mountains 565 29.75 0.04 0.96 0.32 
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2-3.5. Catalog of the earthquakes with maximum intensities (Imax) in Iran 

* Source Article: Amini H., Zaré M. and Gasperini P., (2016), “Catalogue of the 

earthquakes with maximum intensities (Imax) in Iran”, Submitted. 

In this section, I present a recent effort on preparing a catalog of the earthquakes with 

maximum intensities (Imax) in Iran, an analysis taken from the under review article by Amini 

et al. (2016). Intensity can be used for determining the location and size of the earthquakes 

(e.g. Gasperini et al., 1999) occurred when or where there were no available instruments. The 

MSK (Medvedev–Sponheuer–Karnik), MMI (Modified Mercalli Intensity), and EMS 

(European Macroseismic Scale) intensity scales are three 12-degree intensity scales applied 

in Iran. Another scale, used for most of the historical and some of the instrumental 

earthquakes, was proposed by Ambraseys and Melville (1982) (called AMS in this study) and 

has only 5 degrees because its authors believed that macroseismic information in Iran was not 

detailed enough for applying a 12-degree scale. In the AMS scale, degree I corresponds to the 

strongest effects and degree V to the weakest ones. 

In this study, we attempt to reconcile the maximum intensity assessments made by 

various authors in different intensity scales in order to prepare a uniform dataset as much 

homogeneous as possible for Iran region. To this aim, at first, all information is collected 

from the literature in terms of the descriptions of effects and/or assessed intensity values. In 

cases when descriptions are not available from sources, the intensity values assessed by 

various authors in different scales are converted to the EMS, using tables of correspondence. 

Reports of environmental effects are also considered by the ESI scale so that include in the 

maximum intensity dataset as many earthquakes as possible.  

Datasets: 

The sources used for collecting the information mainly consist of books, articles as well as 

web reports provided by different Iranian research centers (i.e. IIEES, BHRC, Geological 

Survey of Iran (GSI), and National Geoscience Database of Iran). The intensity information 

available to us consist of a) reports including descriptions, with or without intensity values 

for about 350 earthquakes, and b) reports with only intensity values for about 150 

earthquakes. Moreover, in this study, the information of about 1110 Macroseismic Data 

Points (MDPs) of 37 earthquakes, which have more complete descriptions, is also considered 

to obtain more reliable comparison between different intensity scales.  
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Most of the Iranian intensity reports were provided by Berberian (1976; 1977; 1981) in 

the MMI scale, by Ambraseys and Melville (1982) in the AMS scale, by Ambraseys (2001) 

in the MSK scale, and by Zare and Memarian (2003) in the EMS scale. 

Choice of the Intensity Scale for Iran region: 

The EMS is the most recent intensity scale with detailed damage descriptions on different 

categories of buildings. In this study, this scale is selected as a basic scale to assess the 

intensity values. In many cases, there is not enough information to assess an intensity value 

using EMS scale, but there are descriptions of effects on ground and environment, which 

were almost totally removed from the EMS scale. As for many Iranian earthquakes this is the 

only information available, we also use the ESI (Environmental Seismic Intensity) scale that 

was properly designed to account for such environmental effects. The joint use of these two 

scales can be seen as the application of a combined EMS-ESI scale. 

Converting intensities from other scales to the homogeneous EMS-ESI scale: 

To get homogeneous maximum intensity estimates in cases when no descriptions of effects 

but only intensity values are reported on available sources, we derived tables of 

correspondence between the different scales used by various authors and the EMS-ESI scale. 

To this aim, we compared our intensity estimates for earthquakes having descriptions, with 

those made by different authors for the same earthquakes. As the estimation of intensity from 

written sources depends on subjective interpretations and on the evaluation of the reliability 

of sources, we also compared estimates made by Zare and Memarian (2003) in the EMS scale 

with those made by us in the EMS-ESI scale for the same earthquakes. 

For each degree of the EMS-ESI scale, the averages of intensity assessed by various 

authors in different scales are shown in Table 2-12 using a) data with information only 

concerning the maximum effects (Imax) and b) data with information on single localities 

(MDPs). We can note that using Imax data, there are several inconsistencies in which for an 

increase of EMS-ESI degree, the average intensity decreases in EMS and MSK scales, and 

increase in AMS scale. For example, considering the AMS scale and Imax, the average 

intensities 1.86 and 2.04 are related to the degree IX and X of EMS-ESI scale respectively. 

This means that with increasing intensity in the EMS-ESI scale, the intensity of the AMS is 

increasing instead of decreasing as it should be. Similarly, the average intensities of degree 

VIII in both the EMS and the MSK scales, instead of increasing with respect to degree VII, 
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are decreasing. Also, the average intensity of MSK for degree XI of EMS-ESI scale is 

decreasing with respect to the value of degree X. Such inconsistencies disappear or strongly 

reduce when using instead MDPs data. Then, in the following, we consider only the 

comparisons made using MDPs data. 

Table 2-12. Averages of intensities in AMS, MMI, EMS and MSK scales for each degree of the 
EMS-ESI scale using only Imax (a) and MDPs (b). 

EMS-ESI 
maxa) Using I b) Using MDPs 

AMS MMI EMS MSK AMS MMI EMS MSK 

VI 3.93 5.92 6.10 5.93 4.00 4.00 5.00 7.00 
VII 3.65 6.51 7.41 7.11 2.85 6.83 7.20 7.00 
VIII 3.32 7.06 7.08 7.00 2.71 7.42 7.25 7.67 
IX 1.86 7.79 8.08 8.67 2.03 7.50 8.25 8.72 
X 2.04 8.12 8.50 9.00 1.89 8.10 8.20 8.62 
XI 1.25 8.89 8.50 8.50 1.50 8.89 10.33 9.50 

 

Preparing a homogeneous intensity dataset: 

When descriptions are available, the intensity value of each MDP or Imax is assessed directly 

from them in the EMS-ESI intensity scale. For the earthquakes with MDPs, Imax is simply 

computed as the maximum intensity over all MDPs. If only intensity values in various scales 

are available from sources, the homogeneous intensity is computed as the average of EMS-

ESI intensity estimations made by us for MDPs having intensity estimates from various 

sources in the MMI, EMS, MSK and AMS scales (Tables 2-13 a, b, c and d, respectively). In 

Tables 2-13 a, b, c and d, we also report the standard deviations with respect to the EMS-ESI 

averages as well as the rounded integer value (in Roman numerals) that we actually use for 

the conversion to the EMS-ESI scale.  

We can observe that MMI intensities (Table 2-13 a) are for most degrees underestimated 

by a degree with respect to our EMS-ESI assessments. Conversely the EMS intensities (Table 

2-13 b) are substantially coincident with our re-assessments. For the MSK scale (Table 2-13 

c), we observe the underestimation by one degree for degrees VII and VIII of the EMS-ESI 

and coincidence for others degrees.  In Fig. 2-6, all earthquakes with assessed or converted 

Imax (512 earthquakes) for the new intensity catalog are mapped with different colors and 

sizes depending on Imax. The maximum intensity assessed in previous works was X, whereas 

we assessed intensity XI for some localities or areas where the descriptions indicate total 

destruction of buildings or particularly strong environment effects. Note that degree XI is 

actually included in degree I of the AMS by Ambraseys and Melville (1982). 

The numbers of earthquakes with maximum (XI) and minimum (IV) Imax are 22 and 30, 
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respectively. Imax VIII with 171 earthquakes and Imax XI with 22 earthquakes have maximum 

and minimum number of assessments, respectively. Number of earthquakes with intensity for 

period of year before 1900, 1901-1964, and 1965-2013 are 237, 88, and 187, respectively. 

Most of the information before 1900 has intensity values in the AMS scale that in this study 

are converted to the values in the 12-degree EMS-ESI scale. 

Table 2-13. Correspondence between the degrees of (a): MMI and EMS-ESI (b): EMS and EMS-ESI, 

(c): MSK and EMS-ESI and (d): AMS and EMS-ESI scales. 

(a) 
MMI Average Std EMS-ESI 
III 4.20 - IV 
IV 4.47 0.70 IV 
V 5.31 0.79 V 
VI 6.56 0.79 VII 
VII 7.99 0.79 VIII 
VIII 8.88 0.74 IX 
IX 9.77 0.70 X 
X 10.3 0.70 X 

 

(b) 
EMS Average Std EMS-ESI 
IV 5.21 - V 
V 4.93 0.70 V 
VI 6.30 0.74 VI 
VII 7.50 0.70 VII 
VIII 8.09 0.79 VIII 
IX 9.47 - IX 

 
 
 

(c) 
MSK Average Std EMS-ESI 
IV 4.06 0.70 IV 
V 5.09 0.70 V 
VI 6.71 0.70 VII 
VII 7.68 0.70 VIII 
VIII 8.94 0.74 IX 
IX 9.80 0.74 X 
X 10.2 0.74 X 

 

(d) 
AMS Average Std EMS-ESI 
I 10 0.70 X 
II 9.45 0.79 IX 
III 8.03 0.79 VIII 
IV 6.36 0.74 VI 
V 4.18 0.70 IV 

 
 

 
*Average: EMS-ESI intensity average; Std: standard deviation of EMS-ESI intensity with respect to the 
average; EMS-ESI: intensity average rounded to the nearest integer. 
 

 
Fig. 2-6. Map of intensity catalog of the Iranian Plateau with 512 earthquakes. Each value of intensity 
is shown in different color and size. 
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2-3.6. The Iranian earthquake intensity database: 1975 - 2000 

* Source Article: Zaré M. and Memarian H., (2002), “The Iranian earthquake intensity 

database: 1975-2000”, 9th International Congress of the International Association of 

Engineering Geology and the Environment, pp.2894-2903. 

In this section, I present the Iranian earthquake intensity database: 1975 - 2000, an analysis 

taken from the published article by Zaré and Memarian (2002). The data on the intensities of 

the Iranian earthquakes (1975-2000) are investigated, along with the existing damage reports, 

in order to provide a catalogue of the intensity information to be used as the basis of 

developing an attenuation law.  The data reported in different scales are unified under the 

European Macroseismic Scale (EMS-98). A catalogue of 470 intensity estimations 

comprising source and site specifications and a quality factor for each data is prepared (for 

the full catalog, refer to Zare and Memarian, 2002). The sources of information on the 

earthquake intensities in Iran consist of the reports by different Iranian research centers, 

scientific articles, historical books, the remnants of the monuments and archeological 

locations. The evaluation of the strong motions in the areas such as Iran could be performed 

even for the event occurred in the past. This is important for the seismic hazard and risk 

assessment. The intensity estimations have however the uncertainties, because they are 

qualitative in its nature and meanwhile it should be investigated through the eye witnesses. 

In the present study a catalog for the recent earthquakes since 1975 until 2000 is 

prepared to be used as the basis for the intensity attenuation law for Iran. The macroseismic 

intensity investigations in Iran are carried out after the great and moderate earthquakes 

(usually after the destructive events). The homogenization of the reported intensities and 

estimation an intensity value for the damage reports of the moderate events with no reported 

intensity evaluation was the first step of this work. We have then looked for the earthquake 

source data for which the intensities were reported. In this paper, we will present first how we 

gathered the intensity reports and the information on source and site conditions. The sources 

of uncertainties in such evaluations are discussed as well. 

Catalog of earthquake intensities: 

The intensity reports for the recent Iranian earthquakes with an acceptable level of confidence 

are selected to form the catalog of the intensity values of recent earthquakes in Iran. This 

catalog comprises the information for the localities of reported or estimated intensity values 
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and the earthquake source specifications. The greater events are reported by several 

reconnaissance group. Different iso-intensity maps are reported for such earthquakes, in 

which the intensity estimations contradict sometimes with each other. These reports comprise 

the intensity estimations in different scales; mainly the MMI, MSK and a 5- degrees scale 

developed by Ambraseys and Melville (1982) for the Iranian earthquakes. The scale chosen 

as the basis for the present study was the EMS-98 (Grunthal, 1998) . It is tried to invert the 

other scales to EMS-98: most of the MSK estimations are not essentially different than that of 

EMS-98; the other scales were correlated with MSK and EMS-98 using the correlation charts 

(Japan TC-4, 1992) and the explanatory chart of the EMS-98 (Grunthal, 1998). The recent 

earthquakes (1975-2000) were chosen for this study, since the details on the casualties exist 

in more details, and the result could be directly compared with the accelerometric studies 

recently performed in Iran (Zaré 1999, Zaré et al 1999). 

To provide the database for the present study, a bibliography was performed on the 

reconnaissance and damage reports on the recent Iranian earthquakes (i.e. Moinfar and 

Naderzadeh 1990, Berberian et al 1992). The information on the geotechnical conditions in 

different locations of the intensity estimations were gathered and the results of the 

observations (whenever existed) were entered to the catalog. The surface observations were 

not chosen to be the basis of surface geology conditions, since the misleading are expected 

using such observations to classify the soil conditions (Zaré et al, 1999). 

Surface Geology: 

The effects of the surface geology on the strong ground motions are previously studied in 

Iran, in the stations of the accelerometric network (Zaré et al, 1999). According to the 

mentioned study, the site conditions are classified according to their H/V ratio. This ratio is 

chosen based on the locations of the broadened H/V spectral ratios and the value of its 

amplitude. In brief, site category 1 corresponds to rock and hard alluvial sites, with Vs>800 

m/s over 1st 30m depth and site amplification fundamental frequency (f0) over 15 Hz. The 

site category 2 relates to alluvial sites; thin soft alluviums, with 500<Vs<700 over 1st 30m 

depth, and 5<f0<15 Hz. The site category 3 corresponds to soft gravel and sandy sites, with 

300<Vs<500 over 1st 30m depth and 2<f0<5Hz. Finally the site category 4 relates to soft soil 

sites; thick soft alluviums with Vs<300m/s over 1st 35m depth and f0<2Hz. In the present 

study, we couldn’t specify the site conditions in the exact location of the intensity observation 

or estimation. It is however decided to include only the sites with a known H/V spectral ratio 
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(where at least a well recorded accelerogram is obtained), and then to generalize the 

classification to two categories (“1” stands for hard soil conditions classes; 1 and 2, and “2” 

stands for soft soil conditions 3 and 4). 

Source Parameters: 

The source parameters, investigated in the present study, are the earthquake macroseismic 

epicenter, the data of the mainshock (UTC time), magnitude (in different scales; mb, Ms, ML 

and Mw, based on the available data), focal depth (using mostly the teleseismic estimations 

and in some cases the relocated hypocenters) and the focal mechanisms (based on the 

Harvard seismology Web site, 2001). The macroseismic epicenter is chosen as the location of 

the greatest damages (where the highest intensity values is assigned; I0). This location could 

be near to, or coincided with, the real epicenter (whenever the region is densely populated) or 

far from it (when the region is sparsely populated; in the central and eastern Iran, where the 

great deserts exist). The macroseismic intensities (I0) are plotted against the observed 

intensities in Fig. 2-7. The Mw magnitude (and the magnitudes in other scales; ML, mb, Ms 

which are scaled to Mw) are plotted in Fig. 2-8 against I0. 

Figure 2-7. The macroseismic epicentral 
intensities against observed intensities for the 
studied earthquakes. 

Figure 2-8. The Magnitudes against macroseismic 
epicentral intensities for the studied earthquakes. 

 

Different macroseismic intensities could cause the intensities up to that degree (i.e. for 

I0=V, the intensities up to V could be observed; Fig. 2-7). The relationship of earthquake 

magnitudes and the macroseismic intensities, given in Fig. 2-8, could be shown with a linear 

regression which gives the best correlation coefficients. The relationship is: 

I0= 1.45 M – 1.22 
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The standard deviation for this relationship is 0.81 and the correlation coefficient is 0.81. 

Using this formula, for a magnitude 6.0, the macroseismic epicentral intensity could reach to 

VII+ (mean value) and VIII+ (mean plus one sigma standard deviations). 

Distance 

The definition of distance is one of the most important factors, especially for the attenuation 

formulas. The macroseismic epicenter distance is the nearest distance between the location of 

the felt intensity and the macroseismic epicenter (where the maximum intensity is felt). The 

epicentral distance is the nearest distance between the location of the felt intensity and the 

instrumentally located epicenter. According to the importance of the event and precision of 

the field observations, location of the instrumentally located epicenter and the macroseismic 

observed intensity could be different (the greater the magnitude of the event and the more 

precise the observations, the locations of these two epicenters are nearer to each other). 

Intensity Values and Quality Factor 

The intensity values are reported either in MMI or in MSK scales. The intensity values were 

unified to EMS-98, which is a 12 degree European macroseismic scales developed essentially 

based on MSK (its old version). The bar charts are used to find the equivalent of the MMI 

values in the MSK and EMS-98 scales. The values in MSK could be directly taken as EMS-

98 values, since there is no major difference between these two scales (at least in the scales of 

our observations). The Quality factors are assigned in four levels (from “A” to “D”). The 

quality level of “D” (the basic level of the data) was assigned, when at least a location of 

macroseismic intensity and an intensity value could be assigned (no more information 

existed). Level “C” is assigned when the quality of a magnitude and instrumental epicenter 

location were reported but the doubt existed on the location of the intensity observations and 

other source parameter. Level “B” was when all information was available from the intensity 

observation locations and the source parameters, but the location of the macroseismic 

intensity and/or the level was uncertain. The quality level “A” introduces the best information 

quality. For the magnitudes greater than 7.0, most of the data in the final catalog presented in 

this paper have the “A” level of quality. The worse cases are the magnitudes less than 5.0, 

when the most uncertain information exist. 
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2-4.   Uncertainties associated with seismicity catalog  

For a catalog, a clear description and evaluation of uncertainty of earthquake parameters is 

effective. Based on a number of local and regional seismographic stations, station distribution 

and velocity models, there are apparent uncertainties in different earthquake parameters. 

Value of uncertainty is decreased during the time until now. By comparing some of location, 

depth and magnitude, which are reported by different seismological centers, we can assess 

uncertainties for each earthquake and center. 

The feasibility of selecting ‘reference events’ (events where the hypocenters can be 

considered known to high accuracy) was investigated by Sweeney (1996) in continental 

regions from global bulletins such as those published by the ISC and NEIC that contains 

predominantly teleseismic arrival time data. Sweeney (1996) suggested when the largest 

azimuthal gap between stations surrounding the epicenter is less than 200° and at least 50 

first-arriving P phases are used, locations from these catalogs have an accuracy of 10–15 km. 

Sweeney (1998) revised these selection criteria for teleseismic networks with an azimuthal 

gap of less than 90° and with at least 50 first-arriving P phases that were used in the location 

he found 15 km (or better) epicenter accuracy. 

Accuracy of focal depths for earthquakes is important in understanding tectonics of a 

region and for evaluating earthquake hazards (Maggi et al. 2002). There is no complete 

reliable evidence of intermediate focal depth of earthquakes. The assessment of depth is a 

controversial issue, even for modern instrumental earthquakes. 

Analysis of events with independently known coordinates indicates that most 

Preliminary Determination of Epicenters (PDE) determinations are accurate to a few tenths of 

a degree in epicentral position and 25 km in depth. Because of these uncertainties, verbal 

descriptions of locations in news releases are rounded to the nearest 5 miles and/or 10 km 

(Sipkin et al., 2000). 

Engdahl et al. (1998), by using travel-time tables (Kennett et al., 1995), produced a 

“groomed” ISC catalog. Myers and Schultz (2001), when the largest azimuthal gap is less 

than 90°, estimated the epicentre accuracy in the EHB catalog which is 15 km or better at the 

95% confidence level for events not in subduction zones. 

Ambraseys (2001) claimed for the eastern Mediterranean (Middle East) region that the 

instrumental locations before the early 1970s had low accuracy. International Seismological 

Summary (ISS)/ISC locations are systematically shifted by 10–30 km to the N or NE from 
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their macroseismic epicenters, a bias which is unlikely to be due to systematic errors in the 

macroseismic positions.  

According to Yunatci (2010), the macroseismicity catalog for Turkey has revealed that 

the location uncertainty of focal points of events can reach over 10 kilometers. Due to 

moment magnitude estimates, the average value of magnitude being equal to 0.17 magnitude 

units assigned as the constant value of parameter uncertainty in the current GMPE model. 

Then, we will have at least 20 km and 0.17 uncertainty for location and magnitude. 

Mirzaei et al, (1997), based on quality and quantity of available information determined 

uncertainty of earthquake parameter for Iran in three periods of time: for historical period 

(pre 1900) uncertainty in depth, location and magnitude represent in 30 km, 100 km and 0.4 

to 0.8 respectively; for early instrumental period (1900-1963) 20 km and 0.3 to 0.5 was 

calculated for location and magnitude; and for modern instrumental period (1964-1994) 

location errors for moderate and major earthquakes are about 15 and 10 km and direct 

assignment of Ms may contain 0.2 to 0.4 magnitude units of error and Ms values from the 

conversion of mb suffer 0.45 to 0.67 magnitude units of uncertainty. 

The magnitude of completeness (Mc) is another seismicity parameter that may consist of 

different levels of uncertainties.  The Mc is theoretically defined as the lowest magnitude at 

which 100 % of the earthquakes in a space–time volume are detected (Rydelek and Sacks, 

1989) which might be studied in the specific time windows. Determination Mc of 

instrumental earthquake catalogs is an essential and compulsory step for any seismicity 

analysis (Mignan and Woessner, 2012). Ambraseys (2001) explained that it is unlikely that 

all small and perhaps a few moderate shocks in the early part of the twentieth century in 

Afghanistan, Africa, and offshore would have been recorded, the available twentieth-century 

data for the whole region are almost complete only for moderate earthquakes or greater 

(Ambraseys, 2001). 
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2-5.   Comments and Replies on two papers  

In this section, two comments and replies published on the papers of EMME earthquake 

catalog (Zare et al., 2014) and Iranian seismic catalog during 1900-2011 (Shahvar et al., 

2013) are discussed. 

2-5.1. Comment on ‘A Unified Seismic Catalog for the Iranian Plateau (1900–2011)’  

* Source Article: Mirzaei N., Shabani E., and Mousavi Bafrouei S.H., (2014), 'Comment on 

“A Unified Seismic Catalog for the Iranian Plateau (1900–2011)” by Mohammad P. 

Shahvar, Mehdi Zare, and Silvia Castellaro', Seismological Research Letters, 85, 179-183. 

Here, some comments proposed by Mirzaei et al. (2014) on our previously published paper 

entitled ‘A Unified Seismic Catalog for the Iranian Plateau (1900–2011) by Shahvar et al. 

(2013)’ are summarized in the following points: 

• Shahvar et al. (2013) claim that the Iranian plateau can de facto be divided into two 

domains only because seismicity in the Alborz and Central Iran zones show statistically 

undistinguishable features. 

• It is stated by Shahvar et al. (2013) that the continental Arabian shield subducts beneath 

the Zagros belt. However, local seismograph networks have found no reliable depths in 

the Zagros deeper than about 20 km. 

• In contrast to what Shahvar et al. (2013) state that “displacement occurs mostly through 

strike-slip mechanisms parallel to the axis of the Zagros range”; the Zagros belt is a 

broad zone of continuing compressional deformation that experiences horizontal 

shortening of the basement on reactivated normal faults that stretched and thinned the 

basement of a continental margin on which the Mesozoic sedimentary was deposited. 

• Shahvar et al. (2013) derived the magnitude conversion relation Ms–M w for Ms ≥3:6, on 

the other hand this relation is used later to convert Ms ≥2:7 to Mw. In addition, it is not 

clear that how magnitude uncertainties are assessed to the unified Mw. The total 

magnitude uncertainty can be defined as σtotal= (σ2
original+ σ2

conversion)1/2 in which σoriginal 

scale uncertainty and σconversion is the uncertainty after any con-version from one scale to 

another. The uncertainties reported by Shahvar et al. (2013) do not comply with a rule, 

for instance, the uncertainty for mb 4:0 and mb 6:1 is considered as 0.3 magnitude units, 

equally”. 
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2-5.2. Reply to “Comment on ‘A Unified Seismic Catalog for the Iranian Plateau (1900–

2011)’” 

* Source Article: Shahvar M.P.,  Zaré M., and  Castellaro S., (2014), "Reply to “Comment 

on ‘A Unified Seismic Catalog for the Iranian Plateau (1900–2011)’ by Mohammad P. 

Shahvar, Mehdi Zaré, and Silvia Castellaro” by Noorbakhsh Mirzaei, Elham Shabani, and 

Seyed Hasan Mousavi Bafrouei", Seismological Research Letters Volume 85, pp. 184-185. 

doi: 10.1785/0220130144. 

We hereby reply to the comments of Noorbakhsh Mirzaei, Elham Shabani, Seyed Hasan 

Bafrouei (hereafter NES) on our paper published in Seismological Research Letters 84 (2), 

233– 249 (hereafter Shahvar et al., 2013). Our work originated from the lack of a uniform 

catalog of earthquakes in Iran (both for the fact that data are dispersed among several 

catalogs and for the fact that they report magnitudes with different scales), which makes 

research on seismicity and seismic hazard very difficult. 

Regarding the comments on the number of zones used to define magnitude conversion 

relations, it has to be noted (but we think this was already clear from the text) that our subdi-

vision was not based on tectonic arguments but naturally came out from the application of 

statistics to the data. We started from the six main seismotectonic areas defined by Rham 

(2009) but found that: (1) the Makran and Kopet–Dagh areas reported too few Mw data to 

perform any meaningful analysis, and (2) no statistically significant differences between the 

Alborz and Central Iran zones appeared for any magnitude con-version relation. These two 

areas could also belong to two different tectonic settings but this is completely irrelevant to 

our analysis: they show the same conversion relations and it makes no sense to treat them 

separately to the aim of our paper. The Ockham’s razor principle, on which the scientific 

method is based, forces us to use—among the many possible models— the one that explains 

the observations using the lowest amount of parameters. This choice is also supported by the 

results of the same Mirzaei et al. (1997) who found the same relation by treating the Central 

Iran and Alborz zones as separate. On the opposite side, the Ms–mb, ML–MN, and Mw–mb 

relations were found to differ significantly for the Alborz–Central Iran and the Zagros region, 

which have therefore been treated separately. 

About the comments on the depths, the values reported in our paper are the maximum 

depths described by the different agencies. 
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For what concerns the choice of the Zagros area, we have followed Alavi (1994, 2004), 

Agard et al. (2005), Ghasemi and Talbot (2006), and Rham (2009). Alavi (1994, which is one 

of the most cited papers), states: 

The Zagros orogenic belt of Iran is the result of the opening and closure of the 

Neo-Tethys oceanic realm, and consists, from northeast to southwest, of three 

parallel tectonic subdivisions: (1) the Urumieh-Dokhtar Magmatic Assemblage; 

(2) the Sanandaj-Sirjan Zone; and (3) the Zagros Simply Folded Belt. 

The NES statement according to which Karimiparidari et al. (2013) established 

magnitude conversion relations for six separate zones appears to us to be incorrect, because 

Karimiparidari et al. (2013) computed the conversion relations for whole Iranian plateau, 

with no segmentation (a subdivision into six areas was used only to calculate the seismicity 

parameters, not the magnitude conversion relations). 

The NES comment on our presumed wrong data entries (“event number 1420 is reported 

with Mw 5.8 instead of 5.3; or event number 2031 is reported with Mw 4.6 instead of 5.1”) is 

not correct. The event number 1420 (9 December 1971) is reported as an Mw 5.8 (M0 

5:623413 × 1024) by Earthquake Mechanisms of the Mediterranean Area (EMMA) and 

Talebian and Jackson (2004). In our catalog the event number 2031 (11 February 1978) is 

reported with Mw 5.1 (Mo 6:559931 × 1023 by EMMA, and Jackson and McKenzie, 1984). 

The event number 7056 (8 November 2011) and the event number 6789 (9 February 2011), 

are reported under the ID 17525142 and 16852124 in the International Seismological Centre 

(ISC) catalog. The other events incorrectly reported by National Earthquake Information 

Center (NEIC) were removed. 

Reporting the history of seismic networks (who, when, and why initiated them) was 

definitely not pertinent to our paper and this information can easily be found in the seismo-

logical network manuals for the interested readers. Regarding the comments on the 

uncertainty estimation, as described in the section Uncertainty Estimation, the final un-

certainties include the contribution to the total error (often unfortunately neglected!) deriving 

from the original magnitude uncertainties. This makes it clear that magnitude values cannot 

and should never be written with more than two significant digits (see also Bormann, 2002). 
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2-5.3. Comment on ‘Recent developments of the Middle East catalog’ by Zare et al 

(2014). 

* Source Article: Mousavi, S.M, (2016), Comment on “Recent developments of the Middle 

East catalog” by Zare et al., Journal of Seismology. 

Here, some comments proposed by Mousavi (2016) on our previously published paper titled 

‘Recent developments of the Middle East catalog’ by Zare et al (2014)’ are summarized in 

the following points: 

 

• The provided Mc map for entire region (Figure 12a of Zare et al. 2014) does not reflect 

the temporal variation of the Mc in individual subregions. In many cases such as in 

studies of temporal seismicity rate variations, the temporal consistency of reporting is 

more important than the level of completeness (Habermann, 1982).  

• If we plot all earthquakes with magnitudes 4.0 and 4.1 for a time period from1900 to 

1970 (Fig. 2-9-a) almost all events are limited to Azerbaijan and Caucasus subregions, 

while there is just one event in Turkey and one in Afghanistan-Pakistan subregion. Table 

8 (of Zare et al. 2014) reports that Central Iran, Makran and Turkey are complete for 

events with Mw≤4.0 within the same period of time. As another example, we plot all 

events with 4.0<Mw ≤4.3 for time period of 1900 to 1990 (Fig. 2-9b). Although all 

regions have been reported to be complete for this magnitude range and time period, but 

distribution of event density is not homogeneous throughout the region. A high 

concentration of earthquakes with this magnitude range is observable at Caucasus and 

northwest of Alborz-Azerbaijan subregions around longitudes 40°-47° (herein Caucasus-

Azerbaijan region). 

• In Table 8 (of Zare et al. 2014) beginning year of complete reporting of earthquakes with 

Mw≤4.0 in Makran subregion is 1970. But the starting time of completeness for events 

with 4.0<Mw≤4.5 in the same region is reported to be 1975.  

• We have determined minimum (smaller values between two) and conservative (higher 

one in two alternatives) magnitude cutoffs (Table 2-14). These are the lowest magnitude 

level above which detection is unaffected within a time period between the center year 

and the time of next significant rate change.  

 



Chapter 2: Database and Seismicity Catalogs 
 

  57 
 

 

Fig. 2-9. a) All earthquakes with magnitudes 4.0 and 4.1 for a time period between 1900 and 1970. b) 

Events with 4.0 < Mw≤4.3 for a time period of 1900 to 1990. All events are color-coded based on 

their depth.  

Table 2-14. Cutoff values based on magnitude signature plots and minimum magnitude of 

completeness estimated using maximum curvature (MAXC), 90% goodness of fit (GFT), and entire 

magnitude range (EMR) methods”. 
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2-5.4. Reply to “Comment on ‘Recent developments of the Middle East catalog’” 

* Source Article: Zaré M., Amini H., Yazdi P, Sesetyan K, Demircioglu M.B., Kalafat D., 

Erdik M., Giardini D.,  Asif Khan M. and Tsereteli N., (2016), Reply to “comment on ‘recent 

developments of the Middle East catalog’”, Journal of Seismology, pp 1–3, 

doi:10.1007/s10950-016-9626-0. 

We hereby reply to the comments of S. Mostafa Mousavi (2016) (hereafter Mousavi, 2016) 

on our paper published in Journal of Seismology (2014) 18:749–772 (hereafter Zare et al., 

2014). We thank the reader for the time spent and attention given to the paper, however, we 

think that he has carried out a new individual and independent study which can be interesting, 

but it seems not to be relevant to our work and it might be reviewed and qualified in a 

separate review process. In this regard, two major ambiguity of his work can be noted: 

1) It seems that our paper's (Zare et al., 2014) purpose has been considerably misunderstood 

by Mousavi (2016). He discusses that the magnitude of completeness (Mc) is not 

temporally and spatially homogeneous throughout the EMME catalog and he focuses on 

exploring any artifactual changes associated with significant seismicity rate changes and 

minimum magnitude of homogeneity (mminh) of the dataset in order to determine 

homogeneous parts of the catalog. As we clearly mentioned in the introduction and in the 

conclusion, the main objective of our paper was to provide a reliable and most complete 

collection of available information of seismicity as a uniform catalog of earthquakes in 

the Middle East region. This dataset consists of the all existing historical, early and 

modern instrumental events with moment magnitude (Mw) equal to or greater than 4.0 

over a wide range of time (1250 B.C to 2006). In this respect, we tried to perform a 

preliminary refinement and organize the raw metadata. We then put the records of this 

geographical area (the Middle East) together within a homogeneous catalog in which 

different magnitude scales were unified to the Mw scale by defining new regional 

conversion equations. Obviously, this does not mean that the whole data have a same 

accuracy or to what extent there are rate changes in the spatial-temporal distributions 

throughout a regional scale. We also tried to provide some extra information like the 

number of events, range of magnitudes, range of Mc and the range of seismicity depth 

based on this unified catalog in order to have a general overview about these parameters. 

The EMME catalog as a comprehensive databank allows users to analyze different 

seismicity parameters such as the spatial-temporal changes of seismicity rates, variation 
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of Mc and so on, based on their intended application. Therefore, Mousavi's (2016) 

analysis about the spatial-temporal heterogeneity of Mc throughout the EMME catalog is 

not consistent with our intention.  

2) In the last part of the Mousavi's (2016) commentary, he calculates the minimum 

magnitude of homogeneity (mminh) and the parameter Mc with regard to the time periods 

of artifactual changes in the seismicity. Although this part is not relevant to our work and 

we do not wish to referee the claims proposed by Mousavi (2016), we may draw attention 

to the fact that the relation between the parameters mminh and Mc is not clear. More 

importantly, his final results about the Mc estimation for the six time periods (presented 

in the Table 2-14 of Mousavi, 2016), are generally in a good agreement with the average 

values of Mc during the same time periods in the Figure 12-b of Zare et al. (2014). 

Accordingly, the advantage of investigating the homogeneity of the catalog is not obvious 

at this level of study.  

We hereby highlight some points that seem to be important. We appreciate Mousavi (2016) 

for his attention to some mistakes made in the Figure 12-a and the Table 8 of Zare et al. 

(2014). In the Figure 12-a of Zare et al., (2014), the map of Mc for the Middle East region 

has been prepared for the modern instrumental period as it has been written above of the 

figure in red, while the time period has been mentioned as "1250 B.C to 2006" in the caption 

and we hereby correct the caption of the figure to the "1964 to 2006". For this reason, the 

values on the map (Figure 12-a) do not correspond to the values in the Table 7 of Zare et al. 

(2014). In the Table 8 of Zare et al. (2014), the header of the second column should be 

changed from Mw≤4.0 to Mw=4.0, since it is the minimum magnitude available in the EMME 

catalog. In addition, the beginning year of complete reporting of earthquakes should be 

corrected to 1900 for the Alborz-Azerbaijan zone in the magnitude range of 4.0<Mw≤4.5. For 

the Makran zone, the value is corrected to 1975 and 1970 for the magnitude of Mw=4.0 and 

4.0<Mw≤4.5, respectively. 

As we mentioned in the section 3-3 (of Zare et al., 2014), for the Middle East region and 

each subregion (defined in that article), Mc was calculated using two main methods. The first 

one was the traditional and common method of the cumulative frequency–magnitude 

distribution of Gutenberg and Richter (1944) and Richter (1958). The second method was the 

frequency magnitude distribution using the software ZMAP (Wiemer, 2001) in which the Mc 

was calculated based on the Maximum Curvature (MAXC) technique (Wiemer and Wyss, 

2000). 
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We add that the sensitive Mc estimations are crucial for the short-term earthquake 

forecasting like in the study indicated by the reviewer (Mignan et al. 2013), where the entire 

catalog of rather short durations (e.g. post 1970) is used above the Mc for earthquake 

forecast, and in these cases the temporal and spatial fluctuations in Mc should be studied. In 

the kind of work carried out in the EMME project where the final aim was to assess the long 

term seismic hazard, we use a catalog of several hundreds of years and the completeness 

periods of different magnitude ranges vary over time and over regions. This is why we 

propose completeness ranges for different magnitude bins for different regions of the study 

area. The Mc here only reflects the minimum magnitude below which the catalog is 

completely unusable. Correct estimation of Mc is surely important here as well because 

optimistic estimations (low Mc), even if associated with a short (recent) period of 

completeness may result in decreasing the estimated b values. 

Finally, according to Mousavi's (2016) statements, some of the provided figures and 

explanations by Zare et al., (2014) (e.g. Figure 12-a) do not reflect the temporal variation of 

the Mc; In response to this comments, we strongly emphasize that it was not the aim of our 

study. In addition, it seems that some mistakes have been made in the selection of proper time 

windows as well as magnitude ranges in the Figure 2-14 (by Mousavi, 2016), so that attention 

to the differences in the beginning year of complete reporting of earthquakes for each section 

and thus, the data selection corresponding to equal overlapping time-intervals of complete 

reporting as well as considering the inherent differences in seismicity rates and characteristics 

of the Middle East's sub-regions were neglected in his comparisons. 

We acknowledge the reader's attention, but for all the above reasons, we feel that the 

results of our paper are not affected in any way by the comments. 

 

2-6.   Conclusion  

According to Ambraseys et al. 2002, the historical record confirms that some regions of the 

Middle East that are active today (e.g., the North Anatolian fault zone) were also active 2,500 

years ago, demonstrating the long-term nature of their seismicity. It also shows that some 

regions that are, at present, quiescent (such as the Jordan Rift Valley), are capable of 

generating relatively large earthquakes. For some of these events, this is consistent with their 

known active tectonic environment.  
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It should be also noticed that in the historical period, many moderate and almost all of 

the small events were missed out. In addition, although after installation of the World Wide 

Seismic Standard Network (WWSSN) seismograms in the Middle East and around the world 

and by improving the seismograms in this time, we have fairly good information for 

earthquake events now, but it is still necessary to develop seismic networks by large number 

of seismographs with more accuracy, in order to have a better monitoring of earthquakes as 

well as a good evaluation of seismicity parameters. Since the assessment of seismicity of 

each region may be strongly inferred from the recorded events as database, more works must 

to be done to complete the data and enhance the qualities of catalogs and to improve our 

knowledge of earthquakes in the study region as well as to reduce uncertainties associated to 

seismicity catalogs as the input data of seismic hazard analysis. 
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3-1.   Introduction 

In this chapter, I first introduce the worldwide, regional and national strong motion networks 

in brief. Then, I will describe the researches on the strong motion databases and catalogs of 

Iran or other regions in the Middle East, which I was involved in. Then, I will describe the 

strong motion processing related to three selected earthquakes and databases (2002 Bam, Iran 

and 2015 Gorkha, Nepal). In the last part, some extra studies on strong motion analysis are 

summarized. 

 

3-2.   Accelerometric Databases  

There are global, regional and local strong motion networks which attend to record the real-

time strong motion data. In the following, the most important global, regional and local 

strong motion networks and databases from which the waveform of earthquakes is available 

are briefly discussed. 

3-2.1. Center for Engineering Strong-Motion Data (CESMD) 

According to the published paper by Haddadi et al. (2012), “the CESMD is a cooperative 

effort between the California Geological Survey and the USGS. The CESMD website allows 

users to view and download records from recent or archived historical earthquakes, or to 

search for and download records selected based on various parametric values. Currently 

there are two domains in which to search for data: U.S. Structural and Ground Response and 

Worldwide Ground Response at Virtual Data Center (VDC; sponsored by COSMOS). The 

main differences between the holdings accessible through these two alternatives are that, for 

the VDC, the magnitude range is limited to greater than ~M5, and the most recent 

earthquakes at VDC are from August, 2007”. 

3-2.2. PEER   

As it is described in the Pacific Earthquake Engineering Research Center (PEER) website 

(http://ngawest2.berkeley.edu/), “the web-based Pacific Earthquake Engineering Research 

Center (PEER) ground motion database provides tools for searching, selecting and 

downloading ground motion data. All downloaded records are unscaled and as-recorded 

(unrotated). Due to copyright issues, a strict limit has been imposed on the number of records 
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that can be downloaded within a unique time window. The current limit is set at 

approximately 200 records every two weeks, 400 every month. Abusive downloads will result 

in further restrictions. The database and web site are periodically updated and expanded”. 

In 2003, the Pacific Earthquake Engineering Research Center (PEER) initiated a large 

research program to develop next generation ground motion prediction equations (GMPEs or 

“attenuation relationships”) for shallow crustal earthquakes in active tectonic regions (now 

called NGAWest1). The project concluded in 2008 and provided several important products, 

including a strong-motion database of recorded ground motions and a set of peer-reviewed 

GMPEs (Power et al. 2008). Many researchers, practitioners, and organizations throughout 

the world are now using the NGA-West1 models and the NGA-West1 database for research 

and engineering applications. 

3-2.3. Databases of Euro-Mediterranean region   

The first coordinated collection of pan-European strong-motion data was established within 

the framework of the European Strong- Motion Database (ESD), supported by the European 

Commission during the 5th Framework Program (1998–2002). The latest database version 

(Ambraseys, Douglas, et al., 2004; Ambraseys, Smit, et al., 2004) contains about 2000 

strong-motion records in the time span 1973–2008. 

The summary of the evolution of teh strong-motion data archiving in Europe since 

1998.is shown in Fig. 3-1. The ESM database is the recent effort which is complementary to 

the Rapid Response Strong-Motion Database, also developed in the framework of Project 

NERA (see Cauzzi et al., 2016). RRSM allows rapid access to earthquake information, peak-

ground-motion parameters, and response spectral amplitudes within minutes after an 

earthquake with magnitude ≥3.5. Data are exclusively obtained from EIDA and are 

automatically processed and published on the Web without manual checks. The complete 

data collection dates back to 2005” (Luzi et al., 2016). Fig. 3-1  
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Fig. 3-1. Strong-motion data collection in Europe and strong-motion data flows (time intervals are 

relative to the dataset). 

3-2.4. Iran strong motion network (ISMN)   

Iran strong motion network (ISMN) was established by the Road, Housing & Urban 

Development Research Center (under Ministry of Road & Urban Development) in 1973. 

Until 1992, 276 SMA-1 analog accelerographs were installed throughout the country. After 

the devastating 1990 Manjil earthquake, this network was developed using digital SSA-2 and 

CMG-5TD instruments. First installation of the digital accelerographs was done in the village 

of Sefidabeh after the earthquake of February 22, 1992. Between 1992 and 1998, more than 

1,100 units of SSA-2 digital accelerographs were added. Until November 2016, the ISMN 

databank includes approximately 11,000 three-component accelerograms recorded at more 

than 1,140 digital active stations (http://ismn.bhrc.ac.ir/) (Fig. 3-2). Most of these stations are 

concentrated in seismically active or in densely populated and industrialized areas, providing 

significant data for scholars to conduct a wide range of studies about earthquakes in Iran. 

Among the records of ISMN, there are some of the most important and distinct 

accelerograms in the world. For example, an uncorrected peak ground acceleration (PGA) 

over 1g is related to 20 June 1994 Zanjiran earthquake (mb= 6.1) recorded at Zanjiran station. 

The accelerogram of 16 September 1978 Tabas earthquake (Mw=7.4) is considered as the 

most important record of Iran, since it shows PGA=0.9g recorded in 3 km distance from the 

fault, along with near-fault effect and a long 50-seconds strong motion duration. Another 
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important record belongs to the 26 December 2003 Bam earthquake (Mw=6.5) with a vertical 

PGA of about 989 cm/s2. This recorded PGA on vertical component with near-fault effects 

has made this accelerogram as one of the most specific records of the country. Other distinct 

records consists of June 20, 1990, Manjil earthquake (Mw=7.3) as well as the August 11, 

2012, Varzeghan earthquake (Mw=6.5), which was recorded by 40 instruments, having a 

PGA=0.54g.  

 

 
(a) 

 
(b) 

Fig. 3-2. Map of (a): 1,140 active strong motion stations and (b): 11,000 accelerograms (recorded 

during 1973 to October 2016) of the ISMN. 
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3-3.   Strong Motion Catalogs 

In this part, I describe the goals and procedures of preparing four strong motion catalogs for 

the pan-European region, Turkey and Iran.  

3-3.1. Engineering strong-motion database: a platform to access pan-European 

accelerometric data 

* Source Article: H Luzi L, Puglia R, Russo E, D’Amico M, Felicetta C, Pacor F, Lanzano 

G, Ceken U, Clinton J, Costa G, Duni L, Farzanegan E. Guéguen P, Ionescu C, Kalogeras I, 

Özener H, Pesaresi D, Sleeman R, Strollo A. and Zaré M, (2016), "The engineering strong-

motion database: A platform to access pan-European accelerometric data", Seismological 

Research Letters, 87(4): 987-997. doi: 10.1785/0220150278.  

In the following section, I present the recent study on the pan-European strong-motion 

database, an analysis taken from the published article by Luzi et al. (2016). ESM is a 

database developed to provide end users only with quality-checked, uniformly processed 

strong-motion data and relevant parameters of the Euro-Mediterranean records since 1969. 

Several information such as earthquake and station information as well as 23,000 three-

component raw and processed waveforms of events with magnitude ≥ 4.0 is accessible 

through the ESM website (http://esm.mi.ingv.it/). In addition, online processing tools are also 

available for users (e.g. Fig. 3-3). About 60%, 15% and 25% of waveforms are manually 

processed, automatically processed or judged of bad quality, respectively. The manual 

processing of acceleration time series is performed based on the general procedure described 

in Paolucci et al. (2011).  

Fig. 3-3. Three 

components of the ground 

motion recorded at NIR 

(Iran) on 28 February 1997 

at 12:57:22 GMT (Mw6.0): 

(a) superimposed 

unprocessed and processed 

acceleration time series; 

(b) Fourier spectra of 

unprocessed and processed 

acceleration time series.  
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3-3.2. Strong motion data processing of the Iranian earthquakes (2004-2014) 

* Source Article: Zaré M., Kamranzad F. and Farzanegan E., (2017), “Processing and 

Preliminary Analysis Iranian Strong Motion Database: 2004-2014; A”, 16 world conference 

on earthquake engineering (WCEE), Santiago, Chile, 9-13 January 2017. 

Since 2004 till the end of 2014, more than 6,000 three-component accelerograms were 

recorded in the ISMN. In this study, 140 accelerograms corresponding to nine important 

earthquakes (5.5<Mw) (Table 3-1) in the time span of 2004-2014 were processed and 

analyzed. In this study, accelerograms having magnitude Mw>6 with epicentral distance less 

than 20 km, were processed as well. 

 

Table. 3-1. List of selected earthquakes and the related accelerograms (2004-2014) 

No  Date  Mw  Macroseismic 

epicenter  

No. selected 

accelerograms  

1 05/28/2004 6.4 Firouz abad- Kojour  22 
2 02/22/2005 6.5 Dahuiyeh Zarand  8 
3 03/31/2006 5.9 Darb Astane Silakhor  14 
4 06/18/2007 5.7 Kahak Qom  18 
5 08/11/2012 6.2 Ahar- Varzeghan  47 
6 04/09/2013 6 Shonbe Bushehr  10 
7 04/16/2013 7.8 Saravan, Sistan  4 
8 05/11/2013 6.2 Goharan-Bashagerd  3 
9 08/18/2014 6 Mormori  14 

Total      = 140 
 

All the individual acceleration time series were processed manually following the “general 

procedure described in Paolucci et al. (2011). According to the procedure, baseline correction 

was first applied. Then, waveforms were filtered and processed, and acceleration, velocity, 

and displacement time series were released, together with the values of PGA, PGV and PGD. 

The frequency contents of the most records showed dominant amplitudes between 

frequencies 0.2 and 10 Hz. Subsequently, the significant duration of these strong motion 

records was also calculated based on 5-95% of the Arias intensity method (Trifunac and 

Brady, 1975). 

Site types of accelerograph stations were also classified according to the frequency band 

of the fundamental frequency. The fundamental frequency of each site can be evaluated using 

horizontal to vertical (H/V) Fourier amplitude spectral ratio, so that for each site, the highest 
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clear peak of the smoothed H/V curve is used to recognize the fundamental frequency. By 

application of this method and according to the site classification proposed by Zare et al, 

(1999) for Iran (Table 3-2), the site type of each accelerograph station was evaluated. It 

should be noted that the site type of some stations of ISMN has been also recognized by 

geotechnical surveys or based on shear wave velocity in the top 30m depth of soil profiles. 

These values were compared to the H/V results in order to increase the accuracy of site type 

determinations. According to this procedure, the numbers of the selected records were 3, 37, 

67 and 33 for the site classes 1, 2, 3 and 4, respectively. 

 

Table. 3-2. Proposed classification of site effects for Iran (Zare et al., 1999). 

Site Class  VS30 (m/s)  Fundamental Frequencies  

I (Rock)  700<  F≥15 Hz  

II (Hard Alluvium)  500-700  5≤F<15 Hz  

III (Soft Alluvium, Sand)  300-500  2≤F<5 Hz  

IV (Soft Soil, Clay)  <300  F<2Hz  

The final catalog consists of the calculated ground-motion parameters, such as PGA, PGV, 

PGD, duration and site classes for the 140 selected accelerograms belonging to nine 

earthquakes recorded in 2004-2014. This catalog provides a basis for the good quality/recent 

strong motion records in Iran and can be used for further studies such as development of new 

attenuation relations. 

In addition, 8 three-component records belonging to earthquakes with a magnitude of 

Mw>6 and the epicentral distance less than 20 km, were also processed. Results of these 

near-field accelerograms are shown in Table 3-3. 

Table. 3-3. Results of data processing for 8 selected near-field accelerograms  

Earthquake Station H1 (N-S) Vertical H2 (E-W) 

duration 
Site 

Type Date Mw Name X Y Record 

No. 

Epi. 

Dist. 

HP LP PGA HP LP PGA HP LP PGA 

05/28/2004 6 Poul 51.6 36.4 3330/01  14 0 50 283.9 0 50 247.4 0 50 164.1 14 2 

10/07/2004 6 Agh Ghala 54.4 37.2 3556/01  19 0 45 48.79 0 45 82.87 0 45 70.08 27 4 

02/22/2005 7 Zarand 56.6 30.8 3671/01  18 0 50 309.6 0 50 314.3 0 50 244 20 3 

09/10/2008 6 Tabl 55.8 26.8 4675/01  12 0 25 93.24 0 35 72.51 0 35 89.02 20.5 3 

09/10/2008 6 Tomban 55.9 26.8 4686/03  9 0 50 588.6 0 50 305.9 0 50 561.6 6.8 4 

08/11/2012 6 Ahar 46.9 38.5 5520/01  18 0 50 200 0 50 98.45 0 50 282.3 13.3 2 

08/11/2012 6 Varzaqan 46.9 38.5 5579/01  19 0 50 439.5 0 50 242.2 0 50 356.7 8.4 3 

08/11/2012 6 Varzaqan 46.6 38.5 5579/04  11 0 50 535 0 50 219.7 0 50 553.3 8.7 3 
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3-3.3. Strong motion data of the 1994-2002 earthquakes in Iran: a catalogue of 100 

selected records with higher qualities in the low frequencies 

* Source Article: Zaré M., (2004), "Strong Motion Data of the 1994-2002 Earthquakes in 

Iran: A Catalogue of 100 Selected Records with Higher Qualities in the Low Frequencies", 

Journal of Seismology and Earthquake Engineering (JSEE), Vol. 6 No. 2, pp.1-17. 

In this section, I present a strong motion catalogue of 100 selected records with higher 

qualities in the low frequencies of the 1994-2002, an analysis taken from the published article 

by Zaré (2004). In this study, the recorded strong motion data in Iran since 1994 till the end 

of 2002 were studied in order to investigate the well recorded (high signal to noise ratio) 

accelerometric data, especially in the long period ranges. In this regard, first the procedure of 

data processing and selection of the records is presented, and then the strong motion 

parameters estimated based on selected records are discussed. 

(Note: The final catalog is accessible in the paper by Zare (2004). In this catalog, the 

records are presented based on their code (assigned by the ISMN) station name, site class, 

band-pass filter selected for each record, PGA (the greatest of three components), the event’s 

date, coordinates, epicentral region, reported magnitude, focal depths, focal mechanisms and 

the hypocentral distances). 

In this study, the significant signal to noise ratio (Rsn) was acceptable if it exceeds a 

given threshold equal to or greater than 3. The signal to noise ratio (Rsn) is computed (as 

estimated by Theodulidis and Bard (1995)) as: 

                                                                 

n

s
sn

tfN

tfS
fR

/)(

/)(
)( =                                                         (3-1) 

A site classification for the territory of Iran has been proposed by Zare et al., 1999 (Table 3-

2.). The 100 selected records in this study were assessed on the basis of this classification. 

Therefore, the number of the selected records were 46, 10, 16 and 28 for the site classes 1, 2, 

3 and 4 respectively. 

The response spectra for different site classes are distinguished. As it is clear in Fig. 3-

4a, b, c and d, the softer the site, the longer the predominant period of response spectra will 

be. “The predominant periods were calculated as 0.09, 0.1, 0.13 and 0.2 seconds for the site 

classes 1, 2, 3 and 4, respectively (on the horizontal components). These values were also 

calculated as 0.08, 0.06, 0.11 and 0.15 seconds for the site classes 1, 2, 3 and 4, respectively 

(on the vertical components).  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3-4. The mean and mean plus sigma response spectra (Horizontal; up, and vertical; down) for: 

(a)= site class “1”; (b)= site class “2”; (c)= site class “3” and (d)= site class “4”. 
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3-3.4. Strong motion dataset of Turkey: data processing and site classification  

* Source Article: Zaré M., and P.-Y. Bard, (2002), "Strong Motion Dataset of Turkey: Data 

Processing and Site Classification", Soil Dynamics and Earthquake Engineering, Vol. 22., 

No.8, Pages 703-718. 

In this section, I present the strong motion processing and site classification of Turkey, an 

analysis taken from the published article by Zaré and Bard (2002).  

Extracting the most reliable records: 

Among the records available from June 2000, we selected our database according to the 

following criteria: 

• Knowledge of magnitude and source location (for developing the attenuation laws); 

• S/N ratio greater than 3–4; 

• PGA greater than 0.05 m/s2. 

Data correction: 

The data correction (after baseline correction) is carried out through the following steps: 

1) Determination of the appropriate frequency band: A threshold of 3 for S/N ratio was 

selected to determine the frequency band [fHP, fLP], where the information is meaningful. 

2) Spectrum shape: the Fast Fourier Transform (FFT) was calculated. According to the 

theoretical shape of the far field Fourier spectrum of acceleration, a ω2 increase is expected in 

the region below the ‘corner frequency’ (fc) and a decaying shape at high frequencies beyond 

the ‘maximum frequency’ (fmax) with a plateau in between.  

3) Filtering and integration: A band pass filter with a Butterworth filter of order 2 was then 

applied.  

Site effects: 

In brief, site categories have been shown in Table 3-2. The results of our H/V study for the 

Turkish strong motion stations are shown in Fig. 3-5 for site classes 1–4. 
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Fig. 3-5. The mean H/V ratio for the 4 site categories, site class 1, 33 stations; site class 2, 4 station; 

site class 3, 14 stations and site class 4, 30 stations. 

Sources of uncertainties: 

Some sources of uncertainties during this study may originate from the following 

1) The instrumental and macroseismic epicentral distances: The estimated hypocentral 

distances are compared with the teleseismic hypocentral distances in Fig. 3-6. 

2) Focal depths 

3) The integration of the filtered records: 

4) The earthquake intensities:  

 

 

Fig. 3-6. The residual of the estimated and teleseismic (calculated based on the epicentral distance and 

focal depth) distances against magnitude. 
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3-4.   Strong Motion Processing for Some Selected Earthquakes  

In this section, my studies on the strong motion processing of the two important earthquakes 

occurred in the last decade, including Mw7.8 2015 Gorkha Nepal earthquake as well as the 

Mw6.5 Bam Iran earthquake, are explained.  

3-4.1. April 25, 2015 Gorkha, Nepal earthquake (Mw7.8) 

* Source Article: Zaré M., Kamranzad F., Mona Lisa., and Rajaure, (2016), "A 

Seismological Overview of the 25 April 2015, Mw7.8 Nepal Earthquake", submitted. 

An intense earthquake -also known as the Gorkha earthquake- with magnitude of Mw7.8 and 

15km shallow depth struck the central Nepal on 25 April 2015 (11:46 A.M. in local time). In 

this study, it was tried to analyze the available strong motion data of the mainshock and eight 

of its aftershocks recorded at a strong motion station (named KATNP) in Kathmandu. With 

respect to the geological condition and probable site amplification in the location of the 

KATNP station, horizontal to vertical spectral ratios are calculated and compared. In 

addition, considering the low angle of the fault plane (about 10°), it may exist near-source 

directivity effect in the vertical component of the April 25, 2015 mainshock. Hence, vertical 

to horizontal spectral ratios are also calculated to obtain the results. 

Strong Ground Motion Analysis: 

Currently, strong motion records for the 25 April, 2015 Mw7.8 Nepal mainshock and eight of 

the larger aftershocks are available by the Center for Engineering Strong Motion Data 

(CESMD) (www.strongmotioncenter.org). These very important accelerograms are the only 

publicly available data which were recorded at the KATNP station in the center of 

Kathmandu (27.712N and 85.316E) (Table 3-4). Prior to ground motion data analysis and 

estimation, it is important to review typical site conditions in Kathmandu, as they affect 

ground motion intensity significantly (Goda et al., 2015).  

1) KATNP Station, Kathmandu Valley Basin and Soil conditions 
 

Kathmandu basin is filled by more than 500m thick lacustrine and fluvial sediments which 

belong to Pliocene to Pleistocene (Moribayashi and Maruo, 1980; Yoshida and Gautum, 

1988; Sakai et al., 2002). Additionally, shear wave velocity up to a depth of 30m (V30) is 

estimated to be about 180-360 m/s in Kathmandu which belongs to soft deposits (JICA, 2002; 
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Wald and Allen, 2007). The KATNP station is located about 60 km from the 25 April 2015 

earthquake epicenter but only perhaps 15 km from the fault and very near to several historic 

monument (e.g., Durbar Square) and severely damaged areas of Kathmandu. The ground 

water might be observed in the western Kathmandu and the KATNP site with 3 to 6 meters 

depth. This site condition might be effective for the greater damages during the mainshock of 

the 2015 earthquake in the western Kathmandu and especially along the Bishnumati River.  

Table 3-4. List of available strong motion records of the 25 April 2015 earthquake and 8 of its 

aftershocks at KATNP station in Kathmandu. 

Date M Time (GMT) Lat (N) Long (E) 
Epi. Dist to 

KATNP (km) 

25 April 2015 7.8 06:11:46.6 28.15 84.71 77 

25 April 2015 6.6 06:45:47.8 28.19 84.87 69 

25 April 2015 5.5 06:57:06.9 27.91 85.65 40 

25 April 2015 5.3 08:56:26.0 27.64 85.50 20 

25 April 2015 5.6 23:16:30.7 27.81 84.87 45 

26 April 2015 6.7 07:09:36.2 27.78 86.00 68 

26 April 2015 5.3 16:26:34.7 27.76 85.77 45 

12 May 2015 7.3 07:05:38.0 27.84 86.08 77 

12 May 2015 6.3 07:37:15.1 27.62 86.17 85 

 

2) Site Amplification Frequencies 

Considering the geology of Kathmandu basin, seismic waves can be amplified by site effects. 

Paudyal at al., (2012) studied the local amplification effect of soil layers on ground motion in 

the Kathmandu Valley using microtremor analysis. They showed that “the predominant 

frequencies vary from 0.5 Hz to 8.9 Hz in their study area, whereas the second resonance 

frequency varies from 4 Hz to 6 Hz in the center and northern part of the Kathmandu valley” 

Paudyal at al., (2012). After the occurrence of 2015 Gorkha earthquake, Galetzka et al. 

(2015) also studied the slip pulse and resonance of Kathmandu basin using Global 

Positioning System (GPS) measurements. Based on their method, they found that the 2015 

earthquake rupture excited the Kathmandu basin and the whole-basin resonance at a period of 

4 to 5 seconds caused the collapse of tall structures, including cultural artifacts. 

To determine site and source effects based on strong motion analysis method, we first 

processed the available accelerograms of the April 25, 2015 mainshock and eight of its large 

aftershocks which were recorded at KATNP station. Then, we calculated the Fourier 

Amplitude Spectrums (FAS). In this regard, baseline correction, high-pass and low-pass 
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filtering were applied to the acceleration time histories to reduce probable noises. The 

processed data are listed in Table 3-5. The study on the amplification functions at the 

KATNP station became possible by calculating the horizontal to vertical (H/V) ratios based 

on the 25 April 2015 mainshock and the following eight aftershock data. For each record, 

FAS of north-south (N) and east-west (E) components and average of them (Havg) were 

divided to the FAS of vertical (Z) component. Thus, the N/Z, E/Z and Havg/Z spectral ratio 

curves were obtained (Fig. 3-7). Comparing the spectral ratios of the mainshock and 

aftershocks indicates that there is a low-frequency (high-period) peak of ground motion in the 

range of 0.2 to 0.3Hz (period of 3.3-5s) and a second peak of 2 to 3 Hz in the all horizontal to 

vertical ratios. Our obtained result from the strong motion analysis is in a good agreement 

with the study by Galetzka et al. (2015) which was carried out based on GPS method. 

Table 3-5. Calculated parameters of processed strong motion records at the KATNP station. 

Date M 

East-West Component (E) North-South Component (N) Vertical Component (Z) 

Frequency 

Band (Hz) PGA 

(cm/s2) 

PGV 

(cm/s) 

PGD 

(cm) 

Frequency 

Band (Hz) PGA 

(cm/s2) 

PGV 

(cm/s) 

PGD 

(cm) 

Frequency 

Band (Hz) PGA 

(cm/s2) 

PGV 

(cm/s) 

PGD 

(cm) 
HP LP HP LP HP LP 

25/04/2015 7.8 0.03 50 145.7 108.6 135 0.03 50 172.8 101.7 120 0.03 50 188.9 53.7 68.86 

25/04/2015 6.6 0.03 50 45.59 10.65 5.71 0.03 50 47.09 13.29 7.60 0.03 50 45.12 4.74 2.58 

25/04/2015 5.5 0.04 50 14.77 0.57 0.20 0.07 50 14.16 0.53 0.16 0.08 50 5.20 0.28 0.06 

25/04/2015 5.3 0.1 50 61.07 3.19 0.39 0.1 50 36.92 2.18 0.40 0.05 50 72.46 2.31 0.19 

25/04/2015 5.6 0.1 50 35.63 1.99 0.25 0.08 50 33.36 2.42 0.21 0.08 50 12.86 0.65 0.12 

26/04/2015 6.7 0.03 50 54.18 8.14 3.56 0.04 50 64.95 8.64 4.17 0.1 50 38.20 4.50 1.66 

26/04/2015 5.3 0.1 50 6.72 0.83 0.29 0.07 50 4.42 0.51 0.17 0.09 50 3.12 0.33 0.08 

12/05/2015 7.3 0.03 50 73.39 12.16 7.60 0.03 50 85.54 13.35 7.9 0.03 50 75.56 9.81 4.82 

12/05/2015 6.3 0.06 50 13.67 2.23 1.06 0.07 50 11.26 1.13 0.41 0.03 50 9.23 0.73 0.31 

 

Considering the nodal plane with 295 azimuth and 10° dip to the north, a directivity as the 

source effect may be expected in the vertical component of the mainshock. Thus, vertical to 

horizontal ratios containing Z/N and Z/E of the mainshock and the aftershocks were 

calculated in the log-log curves (Fig. 3-8). For the Mw7.8 mainshock, two peaks in the 

vertical to horizontal ratios are presented at the frequency around 0.7-0.8 Hz and 1.5-2 Hz 

(especially in the Z/E spectra), while the peaks are not repeated on the aftershock ratios. The 

peaks on the V/H spectral ratio can probably be attributed to evidently a mainshock source 
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effect (near-source rupture directivity effect). Thus, the strong shaking on the vertical 

component and this amplification (due to source directivity) might be causative for 

intensifying the slop instabilities, landslides and snow avalanches during the mainshock. 

 

 

Mainshock M7.8 (25-4-2015) 

 

 

Aftershock M6.6 (25-4-2015) 

 

 

Aftershock M5.5 (25-4-2015) 

 

 

Aftershock M5.3 (25-4-2015) 

 

 

Aftershock M5.6 (25-4-2015) 

 

Aftershcok M6.7 (26-4-2015) 

 

Aftershock M5.3 (26-4-2015) 

 

 

Aftershock M7.3 (2015-5-12) 

 

 

Aftershock M6.3 (12-5-2015) 

 

 

Average of all records 

  

Fig. 3-7. Horizontal to vertical spectra of the 25 April 2015 earthquake, 8 of its aftershocks and an 

average of all the records (E/Z ratio in gray dotted-line, N/Z ratio in gray dashed-line and Havg/Z in 

black line). 
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Mainshock M7.8 (25-4-2015) 

 

 
Aftershock M6.6 (25-4-2015) 

 

 

Aftershock M5.5 (25-4-2015) 

 

 

Aftershock M5.3 (25-4-2015) 

 

 

Aftershock M5.6 (25-4-2015) 
 

Aftershcok M6.7 (26-4-2015) 

 

Aftershock M5.3 (26-4-2015) 

 

 

Aftershock M7.3 (2015-5-12) 

 

 

Aftershock M6.3 (12-5-2015) 

 

Fig. 3-8. Vertical to horizontal spectra of the 25 April 2015 mainshock and aftershocks (E/Z ratio in 

black line and N/Z ratio in gray dashed-line). 

 

3-4.2. December 26, 2002 Bam, Iran earthquake (Mw6.5) 

* Source Article: Zaré M. and H. Hamzehloo, (2005), "Strong Motion study on Bam 

Earthquake of 26 December 2003", Earthquake Spectra, Special Issue on Bam earthquake. 

The Bam earthquake of 26 December 2003 Mw6.5 occurred at 01:56:56 GMT, 05:26:56 local 

time near the city of Bam in the southeast of Iran. The strong motions of this event were 

recorded at 23 stations of the national Iranian Strong Motion Network (ISMN). The strong 

motion records were studied and processed and these preliminary results are presented based 

primarily on the mainshock and aftershock records obtained at Bam station. All of the strong 

motion data obtained during the Bam earthquake were recorded by digital Kinemetrics SSA-2 
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accelerographs. The attenuation of the strong motion was studied based on the records with 

good signal-to-noise ratio at six stations. 

Strong motion data processing: 

The record obtained at Bam station ─after band-pass filtering between 0.11 and 40Hz─ 

shows a PGA of 775 and 623 cm/s2 for the east-west and north-south horizontal components, 

respectively, and 992 cm/s2 for the vertical component. This processing was performed based 

on the estimation of the signal-to-noise ratio. The FFT showed more energy at longer periods 

for the fault-normal horizontal component. 

A comparison of the H/V ratio obtained at Bam station during the mainshock and 13 

aftershocks, which occurred in the first 24 hours after the earthquake (Fig. 3-9) shows very 

low-frequency amplification between 0.1 and 0.2 Hz, which is evident in the main shock, but 

not evident in the aftershocks. This may be taken as evidence for the vertical directivity effect 

(Lay and Wallace, 1995). This vertical directivity might be explained in the Bam earthquake 

by rupture propagation from depth to the surface, with an inclination towards the north. A 

strong fault-normal east-west motion was created during the mainshock as well. The 

demolished walls and buildings of Bam are representative of such effects in the up-down 

vertical and east-west directions fault-normal. The Bam residents that survived the 

earthquake told reconnaissance team members that they felt strong up-down displacements 

during the mainshock. The site class, however, may be taken for Class 3 since the site 

fundamental frequency was about 2 to5 Hz (equal to a site condition having the average V30 

of about 300 to 500 m /s, Zare et al. 1999). 

  

Fig. 3-9. H/V ratio for (a) the main shock, and (b) aftershocks recorded at Bam strong motion station. 

The velocity and displacement time histories of the Bam record obtained based on single 

and double integration of the Bam accelerogram are shown in (Fig. 3-10). The time histories 

show a great pulse, especially in the fault-normal component E-W direction. 
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The spectral accelerations for 5% damping are shown in Fig. 3-11 for the three-

component acceleration recorded at Bam station. The predominant period is the period 

corresponding to the highest peak in a response spectrum. The response spectrum in Fig. 3-11 

shows predominant periods of 0.1 second for vertical and 0.2 second for 2 horizontal 

components. Fig. 3-11 also shows higher spectral ordinates for the vertical and for the fault-

normal components of motion. 

The records obtained at the BHRC stations around the epicenter were also processed and 

the acceleration time histories obtained at Bam, Abaragh, Mohammadabad-e-Maskun, Jiroft, 

and Sirch stations were selected for the detailed strong motion studies. These records were 

filtered according to their corresponding signal-to-noise ratio, and the band-pass filters 

selected are shown in Table 3-6.  
 

  

Fig. 3-10. Velocity and displacement time histories based on single and double integration of the 

accelerogram recorded in Bam. 

 

Fig. 3-11. Response spectra for the damping value of 5% are compared for horizontal (fault normal) 

vertical and horizontal (fault parallel) components. 
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Table 3-6. Strong motion parameters estimated for the five selected records. 

Rec. Station Y (N) X (E) Site 
BP Filter 

(Hz) 

PGA (cm/s2) PGV (cm/s) PGD (cm) 
Fc 

(Hz) 

Fmax-  

H 

Fmax- 

V 

Hypocentral 

Distance 

(Km) 
H1 V H2 H1 V H2 H1 V H2 

3161 Sirch 30.24 57.57 1 0.1-25 30.2 14 29.2 2.4 1 2.3 0.4 0.2 0.3 0.4 8 15 152 

3162-1 Mohammadabad 29.97 57.88 4 0.1-40 120 69.2 71 10.4 3.1 3.3 2.1 0.6 0.8 0.4 6 8 48 

3168-2 Bam 29.12 58.38 3 0.11-40 992 775 623 92.3 32.3 72.6 26.4 6.3 16 0.3 9 18 12 

3170-2 Jiroft 28.68 57.76 4 0.1-25 39.6 30.5 27.3 3.6 1.3 2.1 0.9 0.4 5.1 0.45 3.5 5 76 

3176-1 Abaragh 29.38 57.97 1 0.1-40 163 83.2 107.7 8.2 8.1 10.2 2.8 2.6 2.2 0.25 18 25 56 

BP= Bandpass; HPGA= Horizontal Peak Ground Acceleration; HPGV= Horizontal Peak Ground Velocity; HPGD= 

Horizontal Peak Ground Displacement. 

SH-wave analysis: 

The analyses of teleseismic and strong ground motion data have been used by different 

investigators to infer and identify the complex rupture process and subevents (Campos et al. 

1994; Sarkar et al. 2003). It is expected that the energy releases from these subevents will be 

identifiable in the near field strong motion data and an attempt can be made to study their 

properties. For this purpose, a method of Sarkar et al. 2003 has been used to estimate fault 

plane parameters using strong ground motion data pertaining to SH-wave only. This method 

is based on a point source representation and non-linear least-square formulation that 

estimates the strike, dip, and rake of the causative fault and a grid search technique that 

provides separate estimates of the strike, dip, and rake. The analysis confines to SH-waves 

because these are minimally affected by crustal heterogeneity (Haskell, 1960). Further, use of 

SH-waves minimizes the need for corrections for the mode conversion at the free surface and 

other heterogeneities disregarded in the model used here. The spectral amplitudes at various 

stations were measured at the longest wavelength (lowest frequency) permitted by the data 

(Sarkar et al. 2003). This was done in order that the point source approximation could be as 

appropriate as possible. 

The observed spectral amplitudes of the acceleration were picked at a common 

frequency, f, on all stations for a particular event, which lies in the flat portions of the spectra, 

and were then converted into the corresponding values of the spectral displacements. The 

values were then corrected for geometrical divergence. The corresponding theoretical 

estimates of SH-wave amplitudes of displacement were obtained from the formulae for the 

radiation pattern of SH-waves in a full space (Aki and Richards 1980; Lay and Wallace 

1995). The error function E (strike, dip, and rake) is written as: 
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                                                    E (strike, dip, rake) = Σi (Aoi−Ati)2                                  (3-6) 

Here Aoi and Ati denote the observed and theoretical amplitudes of the near field SH-wave 

displacement at the selected frequency at the ith station. The summation is over all stations 

that recorded the particular subevent. The nonlinear Newton technique has been used to 

simultaneously obtain those values of strike, dip, and rake that minimize E (strike, dip, rake) 

in the least square sense. 

For appropriate selection of SH-wave components of the recorded data the radial (L) and 

transverse (T) components of recorded acceleration and displacement are suitably rotated so 

that corresponding estimates along and perpendicular to the azimuth direction are obtained. 

The rotated transverse components provide acceleration and displacement data of SH-waves, 

recorded at each station. 

In the absence of a common time code, it was not feasible to locate independently the 

hypocenters of the two subevents on the basis of the accelerogram data. However, a master 

event technique was employed to estimate the hypocentral location of the sub-event from 

where the S1 phase of energy possibly radiated. Generally, a value of two-thirds is assumed 

for the ratio between vertical and horizontal peak accelerations. In re-cent earthquakes, 

however, it has been observed that in the near field there is often a potential for a significant 

vertical component of ground shaking. The Bam station recorded vertical peak acceleration 

of 956cm/s2, which is larger than for the two horizontal components. It seems that at Bam 

station, a strong up-down motion occurred which was also reported by the observers. 

At the time of an earthquake, damage is maximum in the epicentral region, where the 

ground experiences intense shaking. Therefore, it is assumed here that the chosen master 

event, namely the subevent corresponding to the release of the S2 phase was located near 

58.35° and 29.09° at depth of 8 km (below the Bam strong motion station). Considering this 

as location of S2 phases, acceleration time histories from the four stations viz. Bam, Abaragh, 

Mohammadbad, and Jiroft (Table 3-7) have been used to estimate that the S1 phase of energy 

was released from 29.02°N, 58.30°E, at a depth of 8 km depth, about 8 second before the 

release of the S2 phase of energy. 

The acceleration spectra were obtained for each of the S1 and S2 phases using relevant 

time windows on the appropriately rotated transverse component accelerograms. These 

spectra were obtained using Fast Fourier Transform along with a Hamming-Turkey window 

so as to reduce the effect of data truncation. Several variations were performed on the 
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window sizes and placement to confirm the stability of these spectra in terms of their general 

structure and frequency content. The spectra for S1 and S2 are shown in Figures 14 and 15. 

The fault plane solution corresponding to the S1 subevent estimated using spectra at four 

stations is as follows: strike= 174°N, dip= 85°, rake= 170°. The standard error of estimate is 

0.50. This event was surmised to have occurred at 29.02°N, 58.30°E, 10km. 

For the causative fault of the S2 subevent, spectral data from four stations have been 

used to estimate the following parameters: strike= 172°N, dip= 65°, rake= 110°. The standard 

error of estimate is 0.18. It was estimated earlier that the epicenter of this event was located at 

29.09°N, 58.34°E km and occurred about 8 seconds after the event S1. 

The total fault plane parameters, considering the SH-wave spectra including both S1 and 

S2, are as follows: strike= 172°, dip= 72°, rake= 156°. The standard error of estimate is 0.32. 

 

Table 3-7. Salient features of recording stations 

Station Lat. Long. Elev. 

L/T 

direction 

Abaragh 29.34 57.94 1644 72/ 162 

Bam 29.09 58.35 1094 278/ 8 

Jiroft 28.67 57.74 275 240/ 330 

Mohammadabad 28.90 57.89 1961 350/ 80 

 

Conclusions: 

The strong motions records observed in the Bam earthquake are representative of a very 

strong, but short, earthquake that had large vertical and fault-normal near-fault effects. The 

following conclusions have emerged from the analysis of strong ground motion data for the 

Bam earthquake: 

• The Bam earthquake was a complex earthquake. The SH-wave accelerograms exhibited 

distinct phases corresponding to the energy released from two separate events. 

• Two strong phases of energy are seen on the accelerograms. The first was interpreted to 

represent a starting subevent with right-lateral strike slip mechanism and located south of 

Bam. The event corresponding to the second release of energy was interpreted to be 

released 8 seconds after the first subevent. The mechanism of the second subevent was a 

reverse mechanism. 
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3-5.   Analysis of Strong Motion Records 

3-5.1. Site effects and classification of Iran accelerographic stations 

* Source Article: Zaré M., and Sinaiean, F., (2014), "Site Effects and Classification of Iran 

Accelerographic Stations", Geodynamics Research Inter-national Bulletin, (Special Issue on 

Intra- Plate Earthquakes), Vol. (I) - No. 02, pp.15-23. 

In this study, about 3,200 reliable three-component accelerograms in 620 stations from 

1994 to 2003, were selected as the database. We applied shallow refraction and H/V spectral 

ratio methods for site classification. The first method determines the mean shear wave 

velocity called Vs-30 and the second scheme will present the fundamental frequency (FF) of 

vibration in each specific site. The H/V spectral ratio is computed for all the stations but we 

managed to carry out the geoseismic measurements just in 64 stations, which were located in 

Boushehr, Kerman, Qazvin, Mazandaran, Tehran and Zanjan provinces and there were the 

results of 10 stations studied by Zare et. al., (1999). The number of the recorded 

accelerograms, the importance of the registered earthquakes, the peak values of acceleration 

and abnormal recorded ground motions were the main criteria considered in station selecting 

for shallow refraction investigations and mean Vs-30 measurements. Then, we tried to 

compare the results of Vs-30 obtained from geoseismic measurements and H/V spectral ratio 

using the recorded accelerograms to modify the previous criteria for a fast and reliable 

classification. The final results show the convenience of the newly- defined criteria that could 

be used with more confidence for the stations with more records. 

Results and discussion 

The H/V spectral ratio was computed using different windows of earthquake records such as 

S, Coda and S-Coda waves and the whole signal including P and S wave windows. 

Considering the limitations of recording the wave arrivals and discrimination of different 

wave windows, we examined the whole recorded signal (P-S wave windows) in comparison 

with S and S-Coda windows for H/V computation and found that the results are nearly the 

same. We tried to find a FF-based reliable criterion for classifying the soil types of 620 

accelerographic stations in which a total number of 3200 strong motion accelerograms were 

recorded from 1994 to 2003. Moreover, 74 stations with computed Vs-30 were investigated 

to find a correlation between Vs-30 and the estimated FF. Based on the computed Vs-30, the 
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studied stations are categorized in four groups I, II, III and IV. The classification of NEHRP 

(2000), Iranian Building Codes (standard 2800) and Zare (1999) are proposed in this study. 

The mean FF is estimated for all stations using the H/V spectral ratio, but because of the 

discrepancy in the number of accelerograms, source parameters and path effect, the obtained 

results do not have the same quality and reliable confirmation. 

Fig. 3-12 to 3-14 signify the correlation between the estimated FF and site class for the 

stations with different number of records. In the first place, all stations for which the shear 

wave velocity were measured, even if they have just one record, were considered. As it is 

clear, a single record cannot be representative of site characteristics, and it reflects a 

combination of site, source and path effects that cannot be separated. Increasing the number 

of records will minimize the source and path effects by averaging and the consequential is 

mainly representative of the site effect. We tried to find a correlation between the site class 

estimated by Vs-30 and FF resulted in H/V spectral ratio. The obtained results from different 

classifications proposed in NEHRP (2000) and Zare (1999) and standard 2800 (2003), show 

differences in few stations and another scale will lead to different result. Although this 

correlation help us to find the boundaries of 2.0 Hz, 2.0 to 5.0 Hz, 5.0 to 8.0 Hz and 8.0Hz., 

high overlaps of the defined boundaries made us find a direct correlation between the 

measured Vs-30 and the estimated NF. This idea enabled us to define new criteria for site 

classification which are presented in Table 3-8. 

Fig. 3-15 shows that these defined criteria cover more than 75% of the studied stations, 

even if there was a single good quality record with the possibility of estimating H/V spectral 

ratio. These boundaries are considered as site classification criteria which were considered in 

this research and Fig. 3-16 shows a better separation of site classes by using the new defined 

criteria.  

Table 3-8. New criteria defined for sit e classifications 

Site Class Vs-30 (m/sec)  FF(Hz) 

I 750 ≤ Vs-30  8.0 ≤ NF  

II 500≤ Vs-30 < 750  5.0 ≤ FF < 8.0 

III 250 ≤ Vs-30 < 500  2.0 ≤ FF < 5.0 

IV Vs-30 < 250  NF < 2.0  
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Fig. 3-12. Comparison of site class (NEHRP 2000 

criterion) and FF estimated using H/V spectral 

ratio. The effect of considering the stations with 

more recorded accelerograms is shown. 

 

Fig. 3-13. Comparison of site class (Zare 1999 

criterion) and FF estimated using H/V spectral 

ratio. The effect of considering the stations with 

more recorded accelerograms is shown. 

 

Fig. 3-14. Comparison of site class (standard 2800 criterion)  and FF estimated using H/V spectral ratio. 

The effect of considering the stations with more recorded accelerograms is shown. 

 

 

Fig. 3-15. Defining the new limits for Vs-30 and 

FF boundaries 

 

Fig. 3-16. Comparison of site class (this study 

critera)  and FF estimated using H/V spectral 

ratio. A better separation of classes and lower 

overlap is seen. 
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3-5.2. Applying empirical methods in site classification, using response spectral ratio 

(H/V): A case study on Iranian strong motion network (ISMN) 

* Source Article: Ghasemi, H., Zaré M, Y. Fukushima and F. Sinaiean, (2009), "Applying 

empirical methods in site classification, using response spectral ratio (H/V): A case study on 

Iranian strong motion network (ISMN)", Soil Dynamics and Earthquake Engineering, Vol.29, 

pp.121-132. 

In this section, I present the empirical methods in site classification, using response spectral 

ratio (H/V): a case study on Iranian strong motion network (ISMN), an analysis taken from 

the published article by Ghasemi et al. (2009). Here, three different empirical schemes have 

been considered to classify the ISMN stations. 

Method 1: 

In Method 1, first the average H/V spectral ratio of records at each station is determined, and 

then the first (long period) dominant peak is taken as the natural period of the site. To classify 

strong motion stations, the natural period at each station is compared with site-dependent 

period ranges recommended by JRA (1980). The overall success rates of the classification 

scheme for SC-I, SC-II and SC-III are 57, 43 and 42 percentages, respectively. Similar 

success rates for Method 1 have been obtained by Zhao et al. (2006) as well. However, the 

classification accuracy, using peak periods, is strongly related to the number of records. 

Method 2: 

Zhao et al. (2006) proposed an automatic classification based on the probabilistic distribution 

of spectral shapes. They empirically illustrated that the method is more effective in SC-I, SC-

III and SC-IV sites than in SC-II ones for Japan stations. The results of the present study are 

consistent with those presented by Zhao et al. (2006), i.e. the more success rates are of SC-I 

and SC-III sites and the least one is of SC-II sites. Higher success rates for SC-II as well as 

SC-I and SC-III sites are expected, if additional information such as borehole measurements 

were available for ISMN stations. As an example, Zhao et al. (2006)  showed that the success 

rates for different site classes can be enhanced by considering another classification limit, i.e. 

‘‘if the site class assigned to a site according to the S-wave travel time in the top 20 m is 

higher than that assigned by H/V ratios, the site class determined by the S wave travel time 
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should be selected.’’ By applying this restrain, they observed a considerable improvement in 

the SC-II sites. The exact classification overall rate of Method 2 is higher than Method 1.  

Method 3: 

In this study, a site classification index (SI) is designed as 

                                                              ∑
−

−=
)1(

61
2

2

nn

d
SI i

k                                         (3-7) 

 where di is the difference between each rank of corresponding values of xk and y, xk the 

mean H/V ratio curve for the site class, y the mean H/V ratio curve for the site of interest, and 

n the total number of periods. In fact, the proposed SI is Spearman’s rank correlation 

coefficient (Press et al., 2011), which is statistically a nonparametric (distribution-free) rank 

to be proposed as a measure of the association strength between two variables. In this study, 

it is used to measure the correlation between average HVRS curves for the site of interest and 

mean HVRS ones for different site classes without making any assumptions about the 

frequency distribution. The range of Spearman correlation is from -1 to 1. The SI=1 indicates 

a perfect positive correlation between x and y. As in Method 2, SI is calculated for each site 

class for a certain site; the site class with the largest value of SI is assigned to this site. The 

accuracy rates of this scheme are 73%, 43% and 70% for SC-I, SCII and SC-III, respectively. 

Application of the proposed classification scheme: 

In the present study, for further applicability control of the proposed SI, 347 ISMN strong 

motion stations, having more than three records at each station, are selected. The strong 

motion stations are then classified following the third methodology described before. Fig. 3-

18d shows the average H/V response spectral ratio for ISMN site classes. The vertical dashed 

lines represent the limits of period intervals for each site class. The peak periods in spectral 

ratios are consistent with those recommended by JRA (1980) at 0.13, 0.26 and 0.44 s for SC-

I, SC-II and SC-III sites, respectively. The overall shapes and amplitudes of average H/V 

spectral ratios are remarkably different for different site classes. The mean H/V spectral ratio 

and 84 percentile curves are plotted in Fig. 3-18a, b and c for SC-I, SC-II and SC-III sites, 

respectively. The results of each site class are fairly consistent with those obtained by Zhao et 

al. (2006) and, which confirm the acceptability of classification results of this research. 
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Fig. 3-18. (a–c) Comparing response spectral ratios of ISMN strong motion data with the mean H/V 

response spectral ratios obtained in this study and the mean H/V response spectral ratios determined 

by Zhao et al (2006). for Japanese strong motion sites. The dashed lines indicate 84 percentile of each 

site class. (d) Average H/V spectral ratios for the site classes assigned in this study. The vertical thick  

 

3-5.3. Smooth spectra of horizontal and vertical ground motions for Iran  

* Source Article: Ghasemi H, Zaré M and F. Sinaeian, (2009), "Smooth Spectra of 

Horizontal and Vertical  Ground Motions For Iran", ISET Journal of Earthquake 

Technology, Paper No. 500, Vol. 46, No. 1, March 2009, pp. 1–17. 

In this section, I present the a study on the smooth spectra of horizontal and vertical ground 

motions for Iran, an analysis taken from the published article by Ghasemi et al. (2009). In this 

study, “a set of strong-motion records, located at the near-field regions during the 

earthquakes with moment magnitudes equal to or larger than 6, were selected. To consider 

the effects of strong motions, only those records for which the maximum horizontal ground 

accelerations are greater than 0.05g were used. 

The smooth spectra of numerous horizontal and vertical ground motions were 

computed via their corresponding peak ground motion parameters. In order to validate the 

results, as obtained by analyzing the Iranian strong-motion records, the ratio between the 

smoothed and actual response spectra is calculated for each ground motion. Fig. 3-19 shows 
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the median spectral ratio for horizontal and vertical ground motions; the shaded area 

corresponds to ± 1 standard deviation about the median. The closeness of the median ratio of 

actual and smoothed SVs to unity for all natural periods confirms accuracy of the results 

obtained in this study. Here, a t-test of the hypothesis is also performed, i.e., the data points 

in each period range come from a united distribution. The results indicate that the null 

hypothesis cannot be rejected in wide period ranges. 

 

Fig. 3-19. Median ratios between the 5%-damping smooth spectrum and the actual spectra of (a) 

horizontal and (b) vertical  ground motions (the shaded area corresponds to ± 1 standard deviation 

about the median) 

     

3-5.4. Spectral demand curves based on the selected strong motion records in Iran  

* Source Article: Zaré M., (2007),  "Spectral Demand Curves Based on the Selected Strong 

Motion Records in Iran", Journal of Seismology and Earthquake Engineering (JSEE), Vol. 7, 

No.3. pp.111-123. 

In this section, I present my study on the spectral demand curves based on the selected strong 

motion records in Iran, an analysis taken from the published article by Zaré (2007). In this 

study, the spectral demand curves were prepared based on 89 selected records (with signal to 

noise ratio in the frequency range of less than 0.3Hz and a PGA greater than 50cm/sec2). 

According to the H/V ratio method, site classification was determined so that the number of 

selected records were 22, 16, 25 and 26 for the site classes 1, 2, 3 and 4, respectively. The 

discussion on the developed results are summarized as: 
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� Alborz-Central Iran has the highest spectral displacement (Sd) in comparison with other 

site classes, see Figs. 3-27 and 3-28. However, the mean demand curves of site class-4 in 

Alborz-Central Iran shows systematic increase in the spectral displacement comparing to 

those of site classes-2 and 3, see Fig. 3-28. 

� Based on the existing reliable and selected data for this study, the demand curves and Sd 

show no significant increase in site classes 2 and 3 in comparison with site class-1, see 

Figs. 3-27 and 3-28. 

� The near fault demand curves in Fig. 3-27, show that horizontal component spectra have 

greater values than that of vertical one caused by the directivity effect which induced 

long period pulses of SH waves in fault-normal horizontal component of the motion. 

� Such difference between the frequency content of the horizontal and vertical components 

in the near-fault distances is especially evident for spectral displacement ordinates, when 

the values of horizontal components represent twice the vertical one, see Fig. 3-28. 
 

 

Fig. 3-27. Mean demand curve for the near-fault conditions, for a) horizontal and b) vertical 

components. 

  

 

Fig. 3-28. Mean spectral displacement for the near-fault conditions, for a) horizontal and b) vertical 

components.  
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3-5.5. Doppler Effect observed on the recorded strong ground motions in Iran and 

Turkey 

* Source Article: Zaré M., (2002), "Doppler Effect Observed on the Recorded Strong 

Ground Motions in Iran and Turkey", Journal of Seismology and Earthquake Engineering, 

Vol.4, No. 2 and 3, pp.21-36. 

In this section, I present my study on the Doppler Effect observed on the recorded strong 

ground motions in Iran and Turkey, an analysis taken from the published article by Zare 

(2002). The strong motion specifications, site class, the applied filter, peak acceleration (after 

filtering) and the observed intensity are presented in Table 1 of Zare (2002). The earthquake 

source specifications (epicenter location, Magnitude scales, and the values for different 

distance definitions, focal depth and mechanisms) as well as the corner and maximum 

frequencies and the values of rise and rupture times are given in Table 1 of Zare (2002) for 10 

selected records. 

The earthquake of Tabas (16/06/1978, central Iran), Kocaeli (17/08/1999, Mw7.4 

Marmara Sea region, NW Turkey) and Kaynasli (12/11/1999, Mw7.1, Bolu area, NW Turkey) 

were selected to be discussed. “This selection was based on the availability of a pair of 

records obtained in opposite ends of the earthquake fault rupture. 

� The FFT of the amplitudes displacements are compared for different components of 

Tabas and Deyhuk records in Fig. 3-29. The greater amplitudes for Tabas record is 

evident, while the fc1 and fc2 are placed in different frequencies. Tabas was much closer 

to the active part of the rupture than Deyhuk, and the rupture propagation towards 

Tabas is supported by the observed much higher fc1 in this station. The displacements for 

the first 20 seconds of the displacement time-histories (DTH) in Tabas and Deyhuk are 

compared however in Fig. 3-30. A great difference is observable between these two 

records; the evident greater amplitudes and even the trapezoid type pulses in about 16 to 

18 seconds correspond to Tabas DTH. This could be interpreted to the rupture directivity 

towards the Tabas, during the Tabas earthquake” (Zare, 2002). 
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Fig. 3-29. The FFT of displacements are 

compared for Tabas and Deyhuk records for 

different components: the upper and lower are the 

horizontal components and the middle one is the 

vertical component (the Deyhuk traces are shown 

with dashed lines). 

 

Fig. 3-30. The displacement time-histories are 

compared for Tabas and Deyhuk records for 

different components: the upper and lower are the 

horizontal components and the middle one is the 

vertical component (the Deyhuk traces are shown 

with dashed lines). 

 

 

� “The FFT of the amplitude of displacements for different components of Yarimca and 

Duzce records are compared in Fig. 3-31. The shapes of these spectra are more or less 

similar in different frequencies. This similarity could be followed in the waveform of the 

DTH’s of these two records, see Fig. 3-32. This is suggested to be related to the bilateral 

directivity in the Kocaeli earthquake.  

� “The FFT of the amplitudes of displacements in Duzce and Bolu records are compared 

for different components in Fig. 3-33. The level of the Fourier amplitude of 

displacements in Duzce shows greater values than that of Bolu. The wave forms of 

DTH’s for these two locations are compared in Fig. 3-34, where the difference is evident 

especially for the horizontal components; the displacements were greater in Duzce, but 

the rupture time was found to be shorter in Bolu.  
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Fig. 3-31. The FFT of displacements are 

compared for Yarimca and Duzce records for 

different components: the upper and lower are the 

horizontal components and the middle one is the 

vertical component (the Duzce traces are shown 

with dashed lines). 

 

Fig. 3-32. The displacement time-histories are 

compared for Yarimca and Duzce records for 

different components: the upper and lower are the 

horizontal components and the middle one is the 

vertical component (the Duzce traces are shown 

in dashed lines). 

 

�  

 

Fig. 3-33. The FFT of displacements are 

compared for Duzce and Bolu records for 

different components: the upper and lower are the 

horizontal components and the middle one is the 

vertical component (the Bolu traces are shown 

with dashed lines). 

 

Fig. 3-34. The displacement time-histories are 

compared for Duzce and Bolu records for 

different components: the upper and lower are the 

horizontal components and the middle one is the 

vertical component (the Bolu traces are shown 

with dashed lines). 
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3-5.6. Site characterizations for the Iranian strong motion network 

* Source Article: Zaré M., P.-Y. Bard and M. Ghafory-Ashtiany, (1999), "Site 

characterization for the Iranian Strong Motion Network", Soil Dynamics and Earthquake 

Engineering, Vol. 18, No.2, pp. 101-123. 

Twenty-six sites of the Iranian strong motion network, having provided numerous records of 

good quality, were selected for a site effect study with the objective of obtaining a reliable 

site categorization for later statistical work on Iranian strong motion data. For each site, 

superficial Vp and Vs profiles were measured with refraction techniques, microtremor 

recordings were obtained and analyzed with the H/V technique and the available three-

component accelerograms by the receiver function technique. The aggregation of these 

results allows the proposition of a four-class categorization based on the H/V spectral ratio of 

strong ground motions, which demonstrate a satisfactory correlation with the S-wave velocity 

profile. Iran has a particular geological and meteorological situation compared to other 

seismic countries such as Japan or California, a mountainous country with dry weather 

conditions and a low water table in most areas. These conditions result in a relatively small 

number of sites with low frequency amplification, while many sites exhibit moderate 

amplifications in the intermediate and high frequency range. 

Fifty sites were studied. These sites were chosen from a database of 279 records 

(already processed and developed (Zare et al., 1998)). The sites were chosen on the basis of 

the number and quality of corresponding records, as well as on the amplitude of the recorded 

motion and its dependence with a great earthquake (to compare cases of the same events). 

The site studies were carried out with different methods: geoseismic tests to determine the 

compressional and shear waves in a profile under the station, microtremor studies (with SS-1 

instruments and SSR-1 sensors) and geoelectric studies. Finally, the geological site 

observations were performed to understand the geologic frame in each local-ity (type of the 

superficial layers, the depth of the water table, etc...). Among the fifty aforementioned sites, 

in 24 sites microtremor tests were applied, the geoseismic tests were performed in the 26 

more important sites. In all of the sites, the obtained strong motion records are studied to 

obtain their horizontal to vertical spectral ratio (receiver function for the strong motions; RF 

SMS). Calculating the same ratio for micro-tremors (H/V ratio for the microtremors; H/V 

MTS), we were able to compare the H/V ratio for noises and earthquakes. No geotechnical 
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boring was done through this study and no data of this type was found in the location of the 

stations. 

The relatively good relationship between the S-wave velocity profiles and the RF 

results allowed us to propose a multi-class site categorization based on the RF curves which 

is simply based on the amplitude and level of the highest peak on the RF curve (Table 3-10). 

According to these criteria, the 26 studied sites are classified and presented later. On the other 

hand, there are the cases where the RF amplitude is not equal to 4 (as it is defined earlier), but 

passes 3. In these cases it observes the results of other tests (if available) to distinguish the 

site conditions. In such intermediate cases, we have used the Vs and Vp profiles and the 

microtremor results to decide on the case. However, if the peaks did not approach 3 at all, 

that site is classified as rock site (class 1). 

Table 3-10. The four class site categorization 

Group 
Frequency band of 

the amplication 
Vs30 (ms-1) Sites 

1 F ≥15 Hz Vs30 ≥700 
Abbar, Deyhuk, Ghaen, Jovakan, Kakhk, Naghan, Saadabad, 
Tabas 

2 5 - 15 Hz 500 - 700 Kavar, Maku, Manjil, Vendik, Zanjiran 

3 2 - 5 Hz 300 -500 Fin, Firouzabad, Ghazvin, Golbaf, Rudbar, Zarrat 

4 F≤2 Hz Vs30 ≤300 
Abhar, Lahijan, Hosseinieh, Rudsar, Shabankareh, Tonkabon, 
Talesh 

     

The measured velocity profiles corresponding to each of these classes are grouped in Fig. 

3-35. The main characteristic of category 1 is that the S-wave exceeds 700 ms-1 at depths 

beyond 5 m, although the values may be much lower at very shallow depths (thin layers with 

resonance frequencies exceeding 15 Hz). On the opposite, the velocity profiles in category 4 

exhibit low velocities at the surface (below 250 ms-1) and at depth (below 500 ms-1down to 

30 m) except for three `exceptional' sites for which there was a clear discrepancy between 

velocity profile and RF curve, that we checked several times and could not interpret. Velo-

city profiles for categories 2 and 3 are intermediate. 

The microtremor H/V spectra corresponding to each of these 4 categories are displayed 

in Fig. 3-36. It clearly shows that, to the contrary of many published studies, microtre-mors 

could not, in our case, point out the fundamental frequency, this negative result may perhaps 

be related to the absence of strong impedance contrasts in velocity profiles, except for some 

class 4 sites. In any case, it requires further work, and probably new measurements, before it 

can be understood.  
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Fig. 3-35. The comparison of shear wave velocity pro®les in four site classes. 

 

 

 

Fig. 3-36. The comparison of the H/V ratio for the microtremors in four site classes 
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Selection of appropriate ground-motion attenuation relations is a key element in any 

probabilistic seismic hazard assessment PSHA. Where ground-motion recordings are 

abundant, ground-motion relations would be developed empirically based on regression 

analysis of previously recorded ground motions. In contrast, where recordings are inadequate, 

they could be often derived theoretically based on seismological models to generate synthetic 

accelerograms. However, in reference to Campbell (2003), in regions where real recorded 

data are sparse, there could be considerable uncertainty in calculating absolute values of 

ground motions from seismological models. In addition, in reference to several studies (e.g., 

Bommer et al., 2005), it has become standard practice to employ more than one ground-

motion relation in the formulations of logic-tree for PSHA. Thus, the applicability of the 

selected attenuation relations to address the seismic hazard assessment of any region is an 

important issue. 

In this chapter, I discuss about nine attenuation models developed empirically during my 

research works for Iran and other regions (e.g. Malaysia).  

 

4-1.   On the selection of ground–motion attenuation relations for seismic 

hazard assessment of the Peninsular Malaysia region due to distant 

Sumatran subduction intraslab earthquakes  

* Source Article: Vaez Shoushtari, A., B. A. Azlan ,  and  Zaré M, (2016), "On the selection 

of ground–motion attenuation relations for seismic hazard assessment of the Peninsular 

Malaysia region due to distant Sumatran subduction intraslab earthquakes", Soil Dynamics 

and Earthquake Engineering, 82, 123–137. DOI: 10.1016/j.soildyn.2015.11.012. 

In the following section I present the recently prepared attenuation relations for distant 

subduction intraslab earthquakes in Peninsular Malaysia, an analysis taken from the 

published article Vaez Shoushtari (2016). This study has attempted first to derive response 

spectral ground-motion attenuation relations for distant subduction intraslab earthquakes 

based on the ground-motion data recorded in Peninsular Malaysia, Japan, and Iran.  

Ground-motion database for regression: 

The amount of ground-motion data recorded in Peninsular Malaysia due to Sumatran 

subduction intraslab earthquakes is limited. In order to derive an appropriate set of spectral 
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ground-motion relations for distant subduction intraslab earthquakes, the response spectra 

database was compiled based on the ground motions due to Sumatran and Japan subduction 

intraslab earthquakes recorded in Peninsular Malaysia and Japan, respectively. In addition, 

the ground-motion recordings due to one subduction intraslab earthquake in the Java region 

recorded in Peninsular Malaysia as well as the recent Saravan-Iran earthquake in 2013 with 

M7.7, focal depth of about 51 km, and extension faulting mechanism were also included in 

the database (Table 4-1). These ground-motion records were from the Malaysian 

Meteorological Department (MMD)- Malaysia, Kyoshin network (K-NET) and Kiban 

Kyoshin network (KiK-net)-Japan, and the Iran Strong Motion Network (ISMN) databases. 

The final database included 531 sets of two horizontal components digital ground-motion 

records. In reference to National Earthquake Hazards Reduction Program (NEHRP, 2003) 

site classification, each record was assigned to a site class. The data recorded on all site 

classes covered relatively all the magnitude–distance ranges. The moment magnitudes are 

from M 5.0 to 7.7 with Rhyp 120 up to 1400 km. 

Table 4-1. Subduction intraslab earthquakes used in the present study 

No. Location 
Date 

(dd/mm/yy) 

Time 

(GMT) 

Longitude 

(°) 

Latitude 

(°) 

Focal 

depth 

(km) 

Moment 

Magnitude 

Record 

no. 

1 Japan 26/05/2003 09:24:39 141.57 38.94 61 7 82 
2 Sumatra 01/12/2006 03:58:00 99.05 3.46 208 6.3 4 
3 Java 08/08/2007 17:05:00 107.58 - 6.03 305 7.5 1 
4 Sumatra 30/09/2009 10:16:00 99.67 - 0.79 78 7.6 10 
5 Japan 14/01/2010 18:46:28 143.1 42.17 70 5 24 
6 Japan 13/03/2010 12:46:28 141.45 37.62 75 5.5 45 
7 Japan 30/07/2011 18:54:00 141.16 37 53 6.4 81 
8 Sumatra 05/09/2011 17:55:00 97.86 2.88 95 6.7 12 
9 Japan 23/05/2012 15:02:28 142.22 41.39 54 6 65 
10 Sumatra 23/06/2012 04:34:00 97.77 2.98 105 6.1 8 
11 Japan 07/12/2012 08:18:35 144.09 38.01 58 7.2 86 
12 Japan 02/02/2013 14:17:43 143.24 42.85 105 6.9 91 
13 Iran 16/04/2013 10:44:32 62.21 27.89 51 7.7 22 

 

Attenuation model and regression analysis: 

Nonlinear regression analysis of the compiled database including the geometric mean of two 

horizontal components was based on the least-squares method. The attenuation model of the 

relation used here was selected by trial and error using different models proposed in previous 

studies until there was a sufficient match between the predicted and observed values based on 

the calculated standard deviation and R-square values. Finally, according to Fukushima and 

Tanaka (1990), the following form of attenuation model was selected (all log in base 10): 
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                             )log()10*log()log( Yk
aM SdcRbRaMY ε++++−+=                  (4-1) 

where Y is either PGA, PGV, or 5% damped pseudo-acceleration (PSA). The acceleration 

values are in cm/s2 and velocity values are in cm/s. M is moment magnitude, R is hypocentral 

distance in km, εlog(Y) has a normal distribution that represents the random error with a mean 

value of zero and a standard deviation (sd) of σlog(Y), Sk is the site class term that represents 

site effects, and a, b, c, and d are regression coefficients. The regression analysis was done 

considering all soil types (NEHRP site classes B, C, D and E). Least-squares method 

minimizes the sum of squared residuals, where the residual is the difference between the 

log(Y) observed and that predicted using Eq. (4-1). The resulted regression coefficients of 

various spectral periods of engineering interest are tabulated in Table 4-2. 

Table 4-2. Regression coefficients. 

Period (s) a b c d SB SC SD SE σlog(Y) 

PGA 0.6241 0.001623 0.01134646 0.1694 0.5930 0.1206 0.0830 0.1597 0.489 
PGV 0.7905 0.001334 0.00089834 2.0851 0.6122 0.1939 0.0123 0.2026 0.332 
0.10 0.5193 0.001670 0.03692850 1.0457 0.4847 0.0627 0.0953 0.0922 0.587 
0.15 0.5707 0.001756 0.02070174 0.8663 0.6331 0.0964 0.0691 0.0931 0.560 
0.20 0.6057 0.001703 0.01435259 0.6604 0.7030 0.1409 0.0748 0.1046 0.529 
0.25 0.6532 0.001655 0.00653504 0.3528 0.7815 0.2255 0.0448 0.1135 0.492 
0.30 0.6930 0.001617 0.00391245 0.0916 0.8019 0.2616 0.0365 0.1031 0.468 
0.40 0.6996 0.001552 0.00361459 0.0132 0.8148 0.3233 0.0168 0.1382 0.431 
0.50 0.7504 0.001471 0.00176890 0.3527 0.8440 0.3646 0.0768 0.1483 0.405 
0.60 0.8153 0.001500 0.00085436 0.7250 0.8971 0.4120 0.1547 0.1307 0.394 
0.70 0.9539 0.001545 0.00015722 1.4462 1.0183 0.5320 0.3018 0.0244 0.391 
0.80 1.0444 0.001512 0.00004874 1.9156 1.1317 0.6609 0.4409 0.1148 0.398 
0.90 1.0916 0.001479 0.00002801 2.2034 1.1657 0.6924 0.4837 0.1943 0.394 
1.00 1.0904 0.001409 0.00002447 2.2878 1.1987 0.7187 0.4863 0.2240 0.390 
1.20 1.0954 0.001350 0.00001908 3.0689 0.5684 0.1372 0.0864 0.3498 0.388 
1.50 1.0906 0.001275 0.00001580 3.2028 0.6270 0.1830 0.0056 0.2404 0.392 
2.00 1.0655 0.001199 0.00001665 3.1919 0.7151 0.2916 0.1436 0.1145 0.387 
2.50 1.0392 0.001138 0.00001363 3.1805 0.8401 0.4554 0.2746 0.0419 0.381 
3.00 0.9982 0.001090 0.00001713 3.0050 0.9095 0.5858 0.3989 0.1536 0.370 
4.00 0.9903 0.001023 0.00001035 3.1383 0.9796 0.7178 0.5675 0.3141 0.347 
5.00 0.9506 0.000909 0.00000578 3.0629 1.0477 0.8044 0.6774 0.4311 0.330 

 

Response spectral accelerations of Sumatran/Java subduction intraslab earthquakes: 

The main purpose of this study was to propose an appropriate set of empirical spectral 

ground-motion attenuation relations for distant subduction intraslab earthquakes to be more 

applicable for assessing the seismic hazard of Peninsular Malaysia. Therefore, the ground 

motions recorded at long distances in Peninsular Malaysia due to the five Sumatran/Java 

subduction intraslab earthquakes were used in order to have an evaluation of the derived 
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empirical ground-motion relations (Table 4-3). Geometric mean of 5% damped pseudo-

acceleration response spectra of these intraslab earthquakes are plotted in Fig. 4-1 together 

with the predictions of the present and selected spectral global and overseas regional ground-

motion relations. The estimated acceleration response spectra by the present study attenuation 

relations are shown by three lines; solid line with filled circle symbols indicates mean values 

and dashed lines with open circle symbols reflect the mean ± one standard deviation (sd).  

As seen in Fig. 4-1, most of the observed acceleration response spectra  have fallen  

relatively  within  the  range  between  the mean ± one standard deviation attenuation curves 

by the present study equations. This shows the capability of proposed empirical attenuation 

relations to predict actual response spectral accelerations within an acceptable level of 

uncertainty. According to the figure, the spectra estimated by the LL08 model have been 

significantly overestimated compared to all observed spectra due to the five intraslab 

earthquakes. At most of the events, the BC15 model tends to predict lower spectral 

amplitudes than do the other models. In Fig. 4-1, it can be seen that the four AB03/08, 

ZAE06, BC15, and the present study ground-motion relations have produced spectra with 

approximately consistent shapes to that of the observed ones. 

In final, the evaluation and comparison presented in Fig. 4-1 illustrate that the empirical 

spectral ground-motion relations derived by this study together with the AB03/08, ZEA06, 

and BC15 spectral models would be applicable in view of developing ground-motion logic 

trees for seismic hazard assessment in the regions affected by long distance subduction 

intraslab earthquakes such as the Peninsular Malaysia region. 

 

Table 4-3. List of ground motions recorded at long distances in Peninsular Malaysia due to five 

Sumatran/Java subduction intraslab earthquakes. 

No Date Time/UTC Longitude  Latitude  
Focal 

Depth 

Moment 

Magnitude 
Station 

Rhyp 

(km) 

1 01/12/2006 03:58:00 99.05 3.46 208 6.3 KGM 542 
2 08/08/2007 17:05:00 107.58 6.03 305 7.5 IPM 1420 
3 30/09/2009 10:16:00 99.67 –0.79 78 7.6 KUM 690 
4 30/09/2009 10:16:00 99.67 –0.79 78 7.6 PYSM_B0 476 
5 05/09/2011 17:55:00 97.86 2.88 95 6.7 KOM 683 
6 23/06/2012 04:34:00 97.77 2.98 105 6.1 KGM 634 
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Fig. 4-1. Recorded and predicted acceleration response spectra of the five Sumatran/Java subduction 

intraslab earthquakes listed in Table 4-3 by the present study and selected spectral global and overseas 

regional ground-motion attenuation relations. 
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4-2.   Recent development of the intensity prediction equations for Iran  

* Source Article: Zaré M, (2016), " Recent development of the earthquake strong motion-

intensity catalog and intensity prediction equations for Iran ", Journal of seismology, DOI: 

10.1007/s10950-016-9622-4. 

In the following section I present my recent study on development of intensity prediction 

equations performed in 2016, In this study (Zare, 2016), two empirical relations between the 

"intensity" and "Ground Motion Parameters (GMPs)" were determined. At first, a relation 

was calculated in which the value of intensity was considered as a function of five predictive 

variables including Log (PGA), moment magnitude (Mw), epicentral distance, duration and 

site type. Then, due to the maximum correlation between the Log (PGA) and intensity, a 

simple regression between these two parameters was defined which can be used in rapid 

preliminary assessments. 

Development of strong motion-intensity database: 

At first, it was tried to provide a catalog of all the available GMPs and intensity data for the 

time span of 1975-2014 as follow: 

Strong motion Database: The strong motion data of the current study was selected from 

processed databanks prepared by Zare (1999; 468 accelerograms of 1974-1997), Sinaiean 

(2006; 3268 accelerograms of 1994-2004), Zare et al., (2015; 140 accelerograms of 1974-

1997; see section 3-3-2 of this manuscript) and Akkar et al., (2014; selection of records of 

three foreign events including the 1999 Izmit Turkey (Mw7.5), 2005 Balakot Pakistan 

(Mw7.5) and 2011 Van Turkey (Mw7.5) from the EMME strong motion catalog). 

Intensity Database: To collect intensity database of the Iranian earthquakes, different sources 

were used including the database provided by Zare and Memarian (2003), as well as papers, 

iso-intensity maps and field reports in which intensities of important earthquakes were mostly 

prepared by the Iranian organizations such as the IIEES, BHRC, GSI and IGUT. 

Completing the Database: Among all of the compiled strong-motion and intensity data, the 

data corresponding to the sites, where both strong-motion and intensity values have been 

simultaneously recorded, were selected and merged in the form a catalog which contains 306 

data consisting of important information such as stations, record number, date, time, Mw, 

focal depth, PGA, PGV, PGD, duration, epicentral distance, site type and the intensity levels 

(Table 2 and Fig.1 of Zare, 2016). 
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Multiple Regression Analysis: 

In this study, the effect of five available parameters consisting of "Log (PGA)", "Mw", 

"epicentral distance", "site type", and "duration" on the "intensity" was investigated. The 

parameters were tested as predictive independent variables to see whether there is a 

mathematical meaningful relation between the earthquake intensity and them. For this 

propose, 186 out of 306 existing data in GMPs-intensity catalog was considered, because this 

number of data covers all the calculated GMPs along with intensity, while 120 others which 

mostly belong to Sinaiean (2006) and Akker et al. (2014) strong-motion databases, were 

removed due to the lack of the parameter "duration". The correlations between the earthquake 

intensity and the predictive variables are presented in Table 4-4.  

Table 4-4. Pearson correlation between predictors and intensity 

 
Intensity Mw 

Epicentral 

Distance 
Duration 

Log 

(PHA) 

Site 

Type 

Intensity 1.000 0.337 -0.558 -0.396 0.760 -0.182 
Mw * 1.000 0.198 0.179 0.272 -0.125 
Epicentral Distance * * 1.000 0.274 -0.503 0.119 
Duration * * * 1.000 -0.380 0.185 
Log (PHA) * * * * 1.000 -0.140 
Site Type * * * * * 1.000 

There are different methods to conduct a multiple regression such as forward selection, 

backward removal and stepwise. In this study, the stepwise method was employed which is a 

combination of the two forward selection and backward removal methods. The stepwise 

calculates coefficient of effective independent variables in the relations and/or removes least 

significant variables. A stepwise regression was applied to the Iranian data and the 

coefficients of the PMGs-intensity relationships were obtained (Table 4-5). The stepwise 

regression has provided 4 models participating the predictive variables. In model 1, the 

predictors only contain Log (PHA); In model 2, the predictors contain Log (PHA) and Mw; In 

model 3, predictors contains Log (PHA), Mw and epicentral distance and finally In model 4, 

predictors contains Log (PHA), Mw, epicentral distance and duration. The P-value (or called 

significance probability) which describes the effectiveness of independent variables in a 

regression has adopted values less than 0.05. If the P-value is more than 0.05, the 

independent parameter is removed from regression. This shows that the parameter soil type is 

removed from the regression since it probably has no considerable effect based on the 

available data. Moreover, the parameter Log (PHA) is involved in all the presented models. 
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This indicates that intensity is more affected by Log (PHA), meanwhile they have also the 

highest correlation. Then, the instrumental intensities of the records were predicted by 

application of the Model 4. The residual values were calculated. Descriptive statistics of the 

residuals are represented in Table 4-6. It indicates that the residuals have a normal 

distribution in a range between -2.5 to 2.5 with no considerable bias in predictions.  

Table 4-5. Coefficients of GMPs-intensity equation in the four models of stepwise regression 

Model 
Coefficients 

P-value 

95.0% Confidence Interval 

for Coefficients 

Value Std. Error Lower Bound Upper Bound 

      
1 

(Constant) 1.136 0.170 - 0.803 1.470 

Log (PHA) 2.377 0.106 0.00 2.170 2.585 

2 

(Constant) -1.142 0.582 - -2.287 0.003 
Log (PHA) 2.258 0.107 0.00 2.046 2.469 

Mw 0.390 0.096 0.00 0.202 0.578 

3 

(Constant) -1.460 0.549 - -2.539 -0.381 
Log (PHA) 1.584 0.139 0.00 1.311 1.856 
Mw 0.723 0.101 0.00 0.523 0.922 

Epic. Dist -0.007 0.001 0.00 -0.010 -0.005 

4 

(Constant) -1.448 0.521 - -2.472 -0.423 
Log (PHA) 1.212 0.144 0.00 0.930 1.495 
Mw 0.935 0.102 0.00 0.735 1.135 
Epic. Dist -0.008 0.001 0.00 -0.010 -0.006 

Duration -0.033 0.005 0.00 -0.043 -0.023 

    Dependent Variable: Intensity 
 

Table 4-6. Descriptive statistics of the residuals derived by multiple GMPs-intensity regression 

 
No. 
Samples 

Min Max Mean 
Standard deviation  
of Mean 

Variance Skewness Kurtosis 

Residual 186 -2.42 2.20 1.02E-16 0.05 0.76 -0.06 0.09 

 

PGA-MMI Regression: 

As it was mentioned, PGA correlates better with the intensity comparing to the other 

predictors. It is also the most available parameter to predict instrumental intensity and to 

generate shake maps quickly. Thus, another regression is performed to test the correlation 

between PGA and intensity and to calculate a proper relationship. The new regression can be 

directly calculated using all the PGA-intensity values (e.g. Margottini et al. 1992; Faccioli & 

Cauzzi 2006) or can be calculated considering the a single average value of the PGA for each 

intensity levels (e.g. Trifunac & Brady 1975; Wald et al. 1999a). It is noted that by using data 

grouped into intensity classes obviates the problems of the large scatter of the peak ground 

motion data for each intensity unit (Faenza and Michelini, 2010). In this study, the second 
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approach was chosen. Thus, average values of PGA with their standard deviations were 

calculated for each intensity level (Table 4-7). Subsequently, the simple Ordinary Least 

Squares (OLS) method was applied to the Log (PHA)-intensity data and the regression 

equation was obtained as the following: 

                                             Intensity = 4.07 Log (PHA)- 1.726                                       (4-2) 

This equation was also used to re-estimate the intensity of the existing 306 data of GMPs-

intensity catalog of Iran. Residuals (observed intensity minus predicted intensity) were again 

calculated and descriptive statistics were obtained (Table 4-8). It demonstrates that it has a 

normal distribution in a range between -4.5 to 4.5 with no considerable bias in predictions. 

Comparing the residuals of the multiple regression (between the "Intensity" and "Log 

(PHA)", "Mw", "epicentral distance" and "duration") to the residuals of the OLS regression 

(between the "Intensity" and "Log (PHA)") shows that the multiple regression is able to 

predict the intensity more accurately based on the multiple predictors. Overestimations and 

underestimations are more evident in the OLS regression, however the OLS regression 

between Intensity and Log (PHA) can be used in rapid damage assessments. 

Table 4-7. Average values of Log (PHA) for each intensity level 

Observed 

Intensity 

Avg. Log (PHA) 

cm/s2  stdev*  

2 1.08 0.09 
2.5 1.17 0.04 
3 1.15 0.21 
3.5 1.50 0.29 
4 1.31 0.34 
4.5 1.22 0.20 
5 1.51 0.31 
5.5 1.86 0.40 
6 1.89 0.37 
6.5 2.01 0.36 
7 2.11 0.27 
7.5 2.34 0.51 
8 2.36 0.39 
8.5 2.66 0.10 
9 2.54 0.30 
10 2.80 0.22 

stdev= standard deviation 
 

 
Table 4-8. Descriptive statistics of residuals derived by OLS regression between Log (PHA) and I. 

 
No. Samples Min Max Mean Stdev of Mean Variance Skewness Kurtosis 

Residual 306 -4.43 4.49 0.2960 0.05689 1.980 -0.367 0.099 
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4-3.   An empirical spectral ground-motion model for Iran  

* Source Article: Ghasemi H , Zaré M, Y. Fukushima, K. Koketsu, (2009), "An empirical 

spectral ground-motion model for Iran",  Journal of Seismology, Volume 13, Issue 4, pp 499-

515, DOI 10.1007/s10950-008-9143-x. 

A new ground-motion prediction equation for 5%-damped horizontal spectral acceleration 

applicable to Iran is presented. The advantages of using this model rather than those proposed 

previously for Iran are discussed by considering the distribution of residuals against the 

explanatory variables, magnitude and distance. The applicability of the proposed model, as 

well as those of several other models developed for shallow crustal environments, is also 

investigated by means of statistical tools. The results reveal the overall suitability of the new 

model as well as the validity of models developed using mainly Eurasian strong-motion 

records. 

Selected strong-motion records: 

We analyzed 716 triaxial accelerograms, recorded during 200 earthquakes of MW ≥5 in Iran. 

In addition to the Iranian data, 177 triaxial strong ground-motion records from West-Eurasia 

and data of the Kobe earthquake were analyzed, to augment the Iranian dataset in certain 

distance and magnitude intervals. All the data span 0.5–100 km in distance and Mw 5.0–7.4. 

Functional form: 

To identify the most appropriate functional form, several models of ground-motion prediction 

equations with similar explanatory variables as those for this study were examined. The 

functional form finally selected is: 

                       271641032110 )10(log)(log 5 SaSaaRaMaaTSa Ma
+++++=             (4-5) 

where Sa(T) is the spectral acceleration with 5% damping in cm/s2. a1–a7 are period-

dependent coefficients that must be determined via regression analysis. The variables S1 and 

S2 take on values as: S1=1 and S2=0 for rock and S1=0 and S2 =1 for soil. In the above model, 

the addition of the term a410(a5M) to R in the geometrical spreading term allows the amplitude 

saturation in the near-fault region to be expressed (Fukushima et al. 2003). To avoid instable 

results for a5 coefficient due to the lack of data close to the fault, we ultimately fixed a5 at 

0.42 (Fukushima et al. 2000). Then, a direct search technique known as the Nelder–Meade 
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algorithm was used to search for values of the nonlinear parameters that minimize the norm 

of the residual. The estimated attenuation coefficients and the logarithmic standard deviation 

for 5%-damped spectral acceleration values at periods of up to 3 s are shown in Table 4-11. 

Table 4-11. Empirical attenuation coefficients and logarithmic standard deviation values for 5%-

damped spectral acceleration 

Period (s) a1 a2 a3 a4 a5 a6 a7 σ log y 

0.05 0.868 0.405 −1.424 0.014 0.420 0.859 0.836 0.319 
0.06 0.906 0.398 −1.440 0.015 0.420 0.944 0.911 0.322 
0.07 0.957 0.394 −1.449 0.015 0.420 0.978 0.937 0.325 
0.08 0.700 0.387 −1.427 0.015 0.420 1.282 1.238 0.325 
0.09 0.966 0.384 −1.413 0.016 0.420 1.046 1.005 0.326 
0.1 0.904 0.380 −1.396 0.016 0.420 1.136 1.096 0.331 
0.2 0.786 0.425 −1.215 0.015 0.420 0.663 0.748 0.319 
0.3 0.432 0.474 −1.134 0.014 0.420 0.477 0.605 0.318 
0.4 0.246 0.528 −1.080 0.011 0.420 0.135 0.289 0.327 
0.5 0.003 0.571 −1.069 0.010 0.420 0.002 0.173 0.333 
0.6 −0.118 0.608 −1.053 0.010 0.420 −0.209 −0.037 0.337 
0.7 −0.234 0.635 −1.034 0.009 0.420 −0.361 −0.194 0.347 
0.8 −0.331 0.673 −1.083 0.010 0.420 −0.450 −0.300 0.336 
0.9 −0.459 0.706 −1.092 0.011 0.420 −0.570 −0.424 0.335 
1 −0.567 0.727 −1.071 0.011 0.420 −0.678 −0.533 0.336 
2 −1.209 0.876 −1.104 0.011 0.420 −1.291 −1.183 0.363 
3 −1.436 0.920 −1.151 0.012 0.420 −1.515 −1.411 0.370 

 

Fig. 4-3 (left) compares the predicted response spectra for the same site category and 

magnitude MW7 at different distances. This figure reveals that, as expected, the spectral 

amplitude steadily decreases with increasing distance. It also shows decrease of ground-

motion attenuation with distance at longer periods. The effect of magnitude on the predicted 

response spectra is illustrated in Fig. 4-3 (right). As expected, a systematic decrease in the 

amplitudes of the response spectra with decreasing magnitude at all periods is observed. 
 

  

Fig. 4-3. Comparison of predicted mean acceleration spectra of the same site category (soil) at 
different distance ranges for MW=7 events and (left) of the same site category (soil) at different 
magnitude ranges for distance of R=10 km (right). 



Chapter 4: Attenuation 
 

 113 
 

Comparison with other relationships: 

The ground-motion models, considered in this study (i.e., Fukushima et al. 2003; Ambraseys 

et al. 2005; Boore and Atkinson 2008; Campbell and Bozorgnia 2008; Chiou and Youngs 

2008) have each been developed based on strong ground-motion observations made in 

seismically active shallow crustal environments similar to that beneath the Iranian plateau. In 

order to evaluate the applicability of these different relationships, strong ground motions 

recorded during some earthquakes were considered. Supplementary detailed studies of the 

rupture process and causative fault geometry are available for all these events. Such 

information is essential in estimating the necessary inputs for the NGA ground-motion 

models. Since seismic hazard analysis is commonly performed for rock site conditions, only 

those ground motions recorded on rock sites are considered. The resulting dataset contains 69 

triaxial strong motions spanning distances of 9–150 km and magnitudes of 5.6–7.3. The 

selected records are temporarily excluded from the prepared catalogue and the coefficients of 

the regression model re-calculated. 

For a median LH value of at least 0.2, with the absolute value of the mean and median of 

the normalized residuals and their standard deviations all being smaller than 0.75, the ground-

motion model is ranked as class “C”. The sample standard deviation should also be smaller 

than 1.5. A median LH value of at least 0.3, absolute values of the mean and median of the 

normalized residuals and their standard deviations all being smaller than 0.5, and a sample 

standard deviation of less than 1.25 constitute class “B”. For residual sets calculated at 

periods of up to T=2 s using the different ground-motion models, the median LH values, the 

maximum likelihood estimates of the central tendency parameters, and corresponding 

standard deviations of these parameters are tabulated in Table 4-12”.  

Table 4-12. Results of the applied statistical measurements on residual sets for various ground 

motion models 

Model LH Sigma Mean Sigma Median Sigma Std Sigma Rank 

Boore and Atkinson (2008) 0.364 0.014 −0.082 0.038 0.071 0.042 1.361 0.032 C 

Campbell and Bozorgnia (2008) 0.424 0.015 0.156 0.031 0.268 0.038 1.137 0.024 B 

Chiou and Youngs (2008) 0.332 0.017 −0.590 0.04 −0.434 0.045 1.506 0.032 D 

Ambraseys et al. (2005) 0.414 0.013 0.186 0.031 0.324 0.042 1.148 0.023 B 

Fukushima et al. (2003) 0.413 0.021 0.237 0.038 0.357 0.048 1.121 0.028 B 

This study (2009) 0.46 0.014 0.041 0.028 0.2 0.033 1.004 0.02 A 
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4-4.   Ranking of several ground-motion models for seismic hazard analysis 

in Iran 

* Source Article: Ghasemi H., Zaré M and Y Fukushima, (2008), "Ranking of several 

ground-motion models for seismic hazard analysis in Iran", Journal of Geophysics and 

Engineering. 5, pp. 301–310. 

The main goal of our study was to rank the most repeatedly used attenuation relations for 

seismic hazard analysis in Iran, using a set of recent earthquake records. A review of selected 

earthquake characteristics and their corresponding strong-motion records is presented after a 

brief description of the candidate ground-motion models considered in this study. The results 

of statistical measurements and tests are presented afterwards. Using the ranking scheme 

proposed by Scherbaum et al (2004), the candidate ground-motion models are finally ranked 

into four different qualitative classes. Obviously, this ranking is valid in the Iranian plateau, 

and we will not discuss the prominence of attenuation relations itself. 

To select candidate ground-motion models, published relations developed for Iran and 

those developed for regions with similar tectonic regime to Iran are considered. Four out of 

six ground-motion models considered in this study (i.e. Fukushima et al (2003); Boore and 

Atkinson (2007); Campbell and Bozorgnia (2007) and Chiou and Youngs (2006)) are 

developed based on strong motions, recorded in seismically active shallow crustal 

environments, and the rest (Zare´ 1999; Sinaeian 2006) are derived merely from ISMN data. 

In this study, the strong motions recorded during the 2002 Avaj, 2003 Bam, 2004 Kojour 

and 2006 Silakhor earthquakes are considered. The supplementary studies on the rupture 

process and the causative fault geometry are available for all these events (ERI 2002; Jackson 

et al 2006; Tatar et al 2007). Such information is essential in estimating the necessary inputs 

of NGA ground motion models. 

The first considered GOF test is the t-test which can be applied on a normalized residual 

set to test the hypothesis of supplying the data in the sample vector from a distribution of zero 

mean. The test statistic has a Student t-distribution if the null hypothesis (mean is zero) is 

true. The data are assumed to be gained from a normal distribution of unknown variance. The 

t-test p-values are given in Table 4-13. The p-value of a statistical significance test represents 

the probability of obtaining values of the test statistic that are equal to or greater in magnitude 

than the observed test statistic, and is another quantitative measure for reporting the result of 
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a test of a hypothesis (NIST, 2006). Generally, one rejects the null hypothesis if the p-value is 

smaller than or equal to the significance level. As can be seen from the t-test results, the 

normal distribution with zero mean at the 5% significance level can be rejected for the 

Campbell and Bozorgnia (2007) and Fukushima et al (2003) models and not for others. 

Table 4-13. Results of the applied statistical tests. The rank of each model is also listed. 

Model t-test 
lil-

test 

var-

test 
K–S LH Sigma Mean Sigma Median Sigma deviation Sigma Rank 

Boore and Atkinson (2007) 0.86 0.02 0.00 0.00 0.18 0.03 0.021 0.119 0.271 0.158 1.829 0.079 D 

Campbell and Bozorgnia (2007) 0.00 0.03 0.00 0.00 0.30 0.02 0.522 0.080 0.674 0.073 1.312 0.062 C 

Chiou and Youngs (2006) 0.31 0.08 0.00 0.00 0.21 0.04 0.108 0.107 0.044 0.129 1.671 0.065 D 

Sinaeian (2006) 0.21 0.02 0.05 0.31 0.46 0.04 −0.088 0.072 0.054 0.067 1.089 0.050 A 

Fukushima et al (2003) 0.03 0.02 0.00 0.00 0.37 0.03 0.170 0.083 0.331 0.089 1.242 0.057 B 

Zare´ (1999) 0.08 0.02 0.08 0.18 0.54 0.03 −0.086 0.067 −0.004 0.059 0.988 0.086 A 

 

The p-values calculated in this test are given in Table 4-13. Considering the results of the 

lil-test, the null hypothesis cannot be rejected at the 5% significance level only in the Chiou 

and Youngs (2006) model. The variance test (var-test) is applied to check the unit variance 

for the residual sets. It performs a chi-square test for the hypothesis of sample vector data 

gathered from a normal distribution with unit variance. This test is applied to the binned data 

and computed by finding the observed and expected counts for each bin. The calculated p-

values of this test for residual sets considered in this study are listed in Table 4-13. It shows 

that the normal distribution at the 5% significance level cannot be rejected only for the Zare 

(1999) model. Regarding the reported p-values (in Table 4-13), the assumption of standard 

normal distribution should not be rejected for Sinaeian (2006) and Zare´ (1999) models. 

The maximum likelihood estimates of the central tendency parameters and standard 

deviation of the residual sets are tabulated in Table 4-13. The corresponding standard 

deviations of these parameters are calculated using the bootstrap technique through data re-

sampling. The parameters just described, as will be shown later, are used by Scherbaum et al 

(2004) to rank ground-motion models 

According to the p-values of the t-test for the residual sets, the largest value is obtained 

for the Boore and Atkinson (2007) model, as expected considering the mean values listed in 

Table 4-13. On the other hand, the most suitable model based on the p-values of the var-test 

is the Zare´ (1999) model with the standard deviation close to unity. These GOF tests are 

used only to check one of the underlying assumptions. Hence, GOF measures that can be 
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used to test whether or not a residual set follows standard normal distribution, e.g. 

Kolmogorov–Smirnov and LH values, are more appropriate in ranking schemes. According 

to the Kolmogorov–Smirnov test, the largest values are determined for Sinaeian (2006) and 

Zare´ (1999) models, while p-values are almost zero in others. Considering the median LH 

values, it can be seen that the Zare´ (1999) and Sinaeian (2006) models provide values closest 

to 0.5. A median LH value for the Zare´ (1999) model is slightly higher than 0.5 due to its 

corresponding residual distribution standard deviation being slightly lower than 1. The 

smallest values are obtained for Boore and Atkinson (2007) and Chiou and Young (2006). 

As indicated by Scherbaum et al (2006), and also shown by the results of this study, none 

of the statistical tests for significance considered, i.e. t-test, var-test, lil-test and K–S test, 

seem to be appropriate to be used in a practical ranking scheme. Indeed most of the tests only 

check for one hypothesis, i.e. normal distribution, zero mean or unit standard deviation, and 

consequently they cannot be used for the ranking because all the models would be rejected by 

at least one of the tests. The K–S statistical test, which checks simultaneously the entire 

hypothesis, also failed to rank ground-motion models, and all of the models except the Zare´ 

(1999) and Sinaeian (2006) models are rejected at the 5% significance level. 

Recently, Scherbaum et al (2004) proposed a comprehensive data-driven ranking 

scheme. This scheme is based on the LH median value together with the mean, median and 

standard deviation of the residuals. If a median LH value of at least 0.2, with the absolute 

value of mean and median of the normalized residuals and their standard deviation smaller 

than 0.75, is determined for a normalized residual set, the ground-motion model should be 

ranked as class ‘C’. The sample standard deviation should also be smaller than 1.5. A median 

LH value of at least 0.3, with the absolute value of mean and median of the normalized 

residuals and their standard deviation smaller than 0.5, and sample standard deviation smaller 

than 1.25 give a rank ‘B’ to the model. The best rank ‘A’ is obtained with a median LH value 

of at least 0.4, with the absolute value of mean and median of the normalized residuals and 

their standard deviation smaller than 0.25, and sample standard deviation smaller than 1.125. 

A model that does not satisfy the mentioned criteria for any of these classes should be ranked 

as class ‘D’. Following this scheme, the Zare´ (1999) and Sinaeian (2006) models are 

assigned rank A, Fukushima et al (2003) rank B, Campbell and Bozorgnia (2007) rank C and 

the other models are ranked D or unacceptable. 
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4-5.   Spectral attenuation of strong motions for near source data in Iran 

* Source Article: Zaré M., S. Karimi-Paridari, and S. Sabzali, (2008), "Spectral Attenuation 

of Strong Motions for Near Source Motions in Iran", Journal of Seismology and Earthquake 

Engineering (JSEE), Fall 2008, Vol. 10, No. 3. Technical Note. Pp147-152. 

In this section, I present my study on the spectral attenuation of strong motions for near 

source data in Iran, an analysis taken from the published article by Zaré et al. (2008). This 

study is to investigate spectral attenuation law for Iran, using the response spectra of Iranian 

strong motion data in the form of different parameters. It is to establish the empirical 

relationships for the strong motions and to study the changes in different regions of the 

country, regarding attenuation law. 

The Applied Approaches: 

To establish the attenuation relationships for Iran, the approach presented by Joyner and 

Boore (1981) and Fukushma and Tanaka (1990) was followed. A one-step regression is used 

to fit a model to multiple independent variables (magnitude, distance, site parameters…). “In 

the two-stage methods, the parameters controlling distance dependence and a set of 

amplitude factors, one for each earthquake, are determined in the first stage, by maximizing 

the likelihood of the set of observations. The parameters controlling magnitude dependence 

are then determined in the second stage by maximizing the likelihood of the set of amplitude 

factors” (Joyner and Boore, 1993). In the one-step method, all parameters are obtained 

simultaneously by maximizing the likelihood of observations. This approach is used by 

Brillinger and Pristler (1984), yielding the results similar to the two-step method for the 

spectral ordinates using the north-western American data (Brillinger and Pristler, 1984).  

Fundamental Form: 

The genuine form of the dependence is: 

                                        Log A = a.M + b.R - d.Log R + ci.Si + σP                               (4-6) 

where, A is the strong motion parameter, a is the magnitude coefficient, M is the magnitude, 

b is the distance coefficient showing inelastic attenuation, R is the distance, c is the site class 

coefficient, S is the site class, σ is 84 percent (P=1) to be added to the mean (50 percent 

values; P=0), d is the coefficient for logR introduced to allow a geometrical expansion which 
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may be different from the body wave dependence. In this study the moment magnitude (Mw) 

is used for M and the hypocentral distance for X. The ci.Si expression is to show the site 

effects for 4 site classes that are already defined by Zaré et al (1999). In short, site classes are 

assigned to the sites of fundamental frequencies; over 15Hz for site class 1; 5-15Hz for site 

class 2; 2-5Hz for site class 3; below 2Hz for site class 4. 

Ground Motion Parameters: 

“The regressions were performed for various ground motion parameters for the spectral 

accelerations, Sa(T). The regression on Sa(T) was fulfilled for 7 different periods between 0.1 

and 2sec. found for the damping of %5” (Zare, 2012). The general form of the attenuation 

relationship for the spectral acceleration (Sa) is; 

                              Log Sa(T) = a (T).M + b(T).R - Log R +ci (T).Si+σ(T).P                   (4-7) 

In the present study another form of this relation is used based on better accordance with the 

input data. his formula is already used by Boore et al (1997); 

                ln Sa(T) = b1(T).Si+ b2(T) (M-6)+ b3(T) (M-6)2+ b5(T).Ln R+ σSa(T).P           (4-8) 

b2 and b3  are assumed as constant coefficients; here, only b1 and b5 are calculated for 

different site types. 

The Input Database: 

The database, used as the input for this study, consists of 87 three components accelerograms, 

recorded between 1975 and Dec. 2003 by National Iranian Strong Motion Network. The 

moment magnitude and hypocentral distance are estimated for these records directly by the 

strong motion records. The hypocentral distance is obtained by the S-P time difference, while 

the seismic moment is directly calculated by the level of acceleration spectra plateau and the 

corner frequency (Zare, 1999). 

The spectral values of selected records are used to derive the empirical attenuation laws 

for different response spectral ordinates in different site conditions. The strong motions are 

selected based on their PGA values (PGA of 0.05g on at least one component) and the good 

signal quality in the frequency band of 0.3Hz or lower. The data are splitted into two subsets 

corresponding to two geographical areas: 1. central Iran and Alborz region 2. Zagros region, 

according to the strong earthquakes recorded at 60km distances (1975-2003). “The results 

presented in this paper are the coefficients obtained for all data (89 records) selected 

including the data of Alborz-Central Iran and Zagros (Table 1 of Zare et al., 2008)”. 
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Results: 

The results of the regressions are presented in Table 4-14. The coefficients are presented for 7 

different periods from 0.1sec (PGA) to 2 seconds. The attenuation coefficients are used and 

tested giving a magnitude 7.0 and 10km hypocentral distances on the horizontal component 

in Fig. 4-4 for different site classes. The response spectra for a rock site (class-1) for 

horizontal component and different distances of 5, 10, 20 and 40 kilometers are assessed 

using the results presented in Table 4-14 for the magnitude Mw=7.0, see Fig. 4-5. These 

results show greater amplification of spectral values for the softer soil conditions. The 

amplification increase approaching towards the site class 4 from the site class 1. 

Table 4-14. The coefficients calculated for spectral attenuation in the horizontal component. 

b1(T).Si + b2(T) (M-6) + b3(T) (M -6)2 + b5(T).Ln R+ σSa(T).P 

Iran Constant Calculated 

Period 

(sec) b2 b3 b1.1 b1.2 b1.3 b1.4 b5 sigma 

0.10 0.753 -0.226 0.037 0.304 -0.480 -0.186 -0.037 0.48 

0.14 0.707 -0.230 0.279 0.337 0.015 0.210 -0.054 0.47 

0.20 0.711 -0.207 0.459 0.349 0.257 0.373 -0.102 0.50 

0.44 0.852 -0.108 -0.431 -1.023 -0.986 -0.736 -0.093 0.67 

0.70 0.962 -0.053 -0.459 -0.833 -0.778 -0.231 -0.251 0.74 

1.30 1.073 -0.035 -1.710 -2.537 -2.961 -1.884 -0.178 0.84 

2.00 1.085 -0.085 -1.204 -2.268 -1.154 -1.265 -0.546 0.91 

 

 

Fig. 4-4. Spectral attenuation for horizontal 

component, magnitude 7.0, 10km hypocentral 

distance in site classes 1, 2, 3 and 4. 

 

Fig. 4-5. Spectral attenuation coefficient for 

horizontal component, magnitude 7.0, site classes 

1 (Rock) and hypocentral distances of  5, 10, 20 

and 40km. 
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4-6.   Spectral attenuation of strong motions in Iran 

* Source Article: Zaré, M. S Sabzali, (2006), "Spectral attenuation of strong motions in 

Iran", Proceedings of the third international symposium of the effects of surface geology on 

seismic motion, Grenoble, France, 30 August - 1 September 2006, 10 pages. 

In this section, I present the spectral attenuation of strong motions in Iran, an analysis taken 

from the published article by Zaré and Sabzali (2006). The scope of this study was to 

investigate spectral attenuation law for the Iran, using the response spectra of the Iranian 

strong motion data, in form of different parameters. It was intended to establish the empirical 

relationships for the strong motions and to observe if any difference may be distinguished in 

different regions of the country in view point of the attenuation law. 

In the present study, the form of a formula already used by Boore et al(1997) is considered: 

                      Log Sa= a1(T).M +  a2(T).M2 + b(T).Log R + ci(T).Si + σsa(T).P               (4-9) 

The input data consists of 89 three components accelerograms, recorded between 1975 and 

December 2003 by the IRSC. The waveforms were selected based on their PGA of 0.05g on 

at least one component and the good signal quality in the low frequency band of 0.3Hz or 

lesser.  

The results of the regressions (Eq. 4-9) are presented in Table 4-15 and Table 4-16 for the 

horizontal and vertical components, respectively. The coefficients are presented for 22 

different periods from 0 sec (PGA) to 4.0 seconds. The response spectra for Mw=7.0 and 

distance of 10km obtained for different site classes (1 to 4) on the horizontal component is 

shown in Fig. 4-6-a. These results show greater amplification of spectral values for the softer 

soil conditions (towards the site class 4). Another response spectra is obtained in Fig. 4-6-b 

for different site classes (assuming Mw=7.0 and a hypocentral distance of 10km) on the 

vertical component. Comparing Fig. 4-6-a and b, greater spectral ordinates (of the order of 

about 20%) is found for the horizontal component. 

 

Table 4-15. The coefficients of attenuation for horizontal component 

Period a1 a2 b c1 c2 c3 c4 s 

PGA 0.5781 -0.0317 -0.4352 -2.6224 -2.5154 -2.4654 -2.6213 0.2768 
0.10 -0.1268 0.0378 -0.3554 -0.6127 -0.3864 -0.6271 -0.6789 0.3965 
0.12 0.0804 0.0216 -0.3581 -1.2384 -1.0401 -1.2306 -1.2815 0.3964 
0.14 0.1785 0.0164 -0.3245 -1.6669 -1.5104 -1.6197 -1.6732 0.4038 
0.16 0.2050 0.0156 -0.3154 -1.8400 -1.6829 -1.7759 -1.8045 0.3998 
0.18 0.2090 0.0174 -0.3272 -1.9581 -1.7999 -1.8384 -1.8702 0.3979 
0.20 0.2816 0.0131 -0.3706 -2.2031 -2.0942 -2.0409 -2.0630 0.3970 
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0.24 0.3363 0.0093 -0.3544 -2.4600 -2.4147 -2.3231 -2.3132 0.4040 
0.30 0.4995 -0.0017 -0.3241 -3.1487 -3.1373 -3.0708 -3.0349 0.4005 
0.34 0.5880 -0.0076 -0.3308 -3.4829 -3.5049 -3.4664 -3.4022 0.3926 
0.40 0.6728 -0.0139 -0.3166 -3.8298 -3.8950 -3.8717 -3.7706 0.3906 
0.44 0.7571 -0.0198 -0.3392 -4.1494 -4.2510 -4.2190 -4.0985 0.3937 
0.50 0.7427 -0.0166 -0.3510 -4.2176 -4.3455 -4.3264 -4.1991 0.3975 
0.60 0.8631 -0.0239 -0.3638 -4.7556 -4.8980 -4.8942 -4.7262 0.3885 
0.70 0.8915 -0.0237 -0.3957 -4.9757 -5.1107 -5.0906 -4.9026 0.3806 
0.80 0.8558 -0.0182 -0.4142 -5.0398 -5.1495 -5.1394 -4.9479 0.3863 
0.90 0.9180 -0.0228 -0.3836 -5.3799 -5.4849 -5.4762 -5.3091 0.3821 
1.00 0.9840 -0.0271 -0.3777 -5.7144 -5.8141 -5.8119 -5.6495 0.3719 
1.50 0.8706 -0.0125 -0.4196 -5.7244 -5.8760 -5.8406 -5.6622 0.3559 
2.00 0.7104 0.0049 -0.4295 -5.5496 -5.7268 -5.6646 -5.5175 0.3494 
3.00 0.5148 0.0227 -0.3788 -5.3979 -5.5819 -5.5157 -5.3762 0.3300 
4.00 0.2006 0.0493 -0.3873 -4.6677 -4.8708 -4.7623 -4.5708 0.3172 

 

Table 4-16. The coefficients of attenuation for vertical component. 

Period a1 a2 b c1 c2 c3 c4 s 

PGA 0.5593 -0.0258 -0.6119 -2.6261 -2.6667 -2.5633 -2.7346 0.2961 
0.1 -0.2552 0.0561 -0.4854 -0.4866 -0.4764 -0.38 -0.579 0.4282 
0.12 -0.1986 0.0535 -0.5125 -0.6966 -0.7456 -0.6132 -0.7568 0.4134 
0.14 -0.1104 0.0479 -0.4364 -1.1841 -1.2004 -1.0672 -1.2107 0.4063 
0.16 0.0728 0.0346 -0.4739 -1.7724 -1.7558 -1.6578 -1.7811 0.3801 
0.18 0.2125 0.0247 -0.4851 -2.279 -2.2396 -2.1349 -2.2567 0.3796 
0.2 0.415 0.0075 -0.516 -2.855 -2.8054 -2.7472 -2.842 0.3898 
0.24 0.5045 -0.0009 -0.5084 -3.1925 -3.1596 -3.1131 -3.1826 0.3965 
0.3 0.757 -0.0204 -0.495 -4.0612 -4.0382 -4.0881 -4.0895 0.4044 
0.34 0.7979 -0.0216 -0.486 -4.3081 -4.2664 -4.3771 -4.3293 0.4006 
0.4 0.9255 -0.032 -0.4379 -4.7837 -4.7938 -4.9261 -4.8358 0.399 
0.44 0.9432 -0.0342 -0.3898 -4.9266 -5.0141 -5.1454 -5.0029 0.3946 
0.5 1.158 -0.0509 -0.4054 -5.6335 -5.7361 -5.8479 -5.739 0.3918 
0.6 1.0831 -0.0415 -0.3901 -5.6818 -5.8021 -5.8726 -5.7446 0.3693 
0.7 1.1669 -0.0445 -0.436 -6.0706 -6.1828 -6.2552 -6.1234 0.3689 
0.8 1.2803 -0.0528 -0.4834 -6.4507 -6.5458 -6.6204 -6.4759 0.3667 
0.9 1.2743 -0.0502 -0.4723 -6.6025 -6.6969 -6.7364 -6.6349 0.3666 
1 1.1663 -0.0379 -0.4453 -6.5341 -6.6488 -6.622 -6.5569 0.37 
1.5 1.1954 -0.0382 -0.3742 -6.9971 -7.1584 -7.079 -7.0761 0.384 
2 1.0394 -0.0212 -0.3457 -6.8936 -7.063 -6.8969 -6.9362 0.3713 
3 0.4556 0.0315 -0.3462 -5.5778 -5.7703 -5.691 -5.6513 0.3562 
4 0.3087 0.0434 -0.2749 -5.4165 -5.5875 -5.4693 -5.4951 0.3311 

 

 

(a) 

 

(b) 

Fig. 4-6. Response spectra obtained by the attenuation coefficients obtained for the  horizontal (a) and 

vertical (b) component, for M=7.0, hypocentral distance of 10km and different site classes.  
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4-7.   Macroseismic intensity and attenuation laws: a study on the 

intensities of the Iranian earthquakes of 1975-2000 

* Source Article: Zaré M. and Memarian H., (2003), "Macroseismic Intensity and 

Attenuation laws: A Study on the Intensities of the Iranian Earthquakes of 1975-2000", 4th 

International Conference of Earthquake Engineering and Seismology, 12-14 May 2003 

Tehran, Iran, 8 pages. 

A catalog for the earthquakes since 1975 until 2000 was prepared that comprises the 470 

intensity values for which the information for the localities of reported or estimated intensity 

values and the earthquake source specifications could be found (see section 2-3-6, catalog 

developed by Zare and Memarian, 2002).  

Attenuation of intensities in Iran: 

At first, the regression was performed without the site condition coefficients. The regression 

was performed for intensity (as a dependent parameter) and magnitude (Mw) and epicentral 

distance (to be taken as horizontal distance to the fault/source, in km) based on the following 

simple model. This model considers the an-elastic attenuation geometric expansion 

separately, as proposed by Ambraseys (1995); 

                                                         I=a.M –b.X – clnX +σ.P                                         (4-10) 

The coefficient for this attenuation formula is presented as given in Table 4-17. Another 

attempt is carried out for intensity (as a dependent parameter) and macroseismic intensity (I0), 

and the macroseismic epicentral distance (to be taken as horizontal distance to the 

fault/source, in km) based on the equation 4-11. The coefficients for such equation are 

represented in Table 4-18. 

                                                       I=a.I0 –b.X – clnX+ σ.P                                            (4-11) 

 

Table 4-17. The coefficients for the equation 4-10, R is the coefficient of correlation 

Region a b c σ R (Correlation) 

      Alborz-C.Iran 1.207 0.0126 0.227 0.92 0.88 

Zagros 1.148 0.0214 0.120 0.72 0.94 

IRAN 1.175 0.0140 0.227 0.88 0.77 
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Table 4-18. The coefficients for the equation 4-11, R is the coefficient of correlation 

Region a b c σ R (Correlation) 

      Alborz-C.Iran 0.994 0.0160 0.212 0.92 0.86 

Zagros 0.942 0.0152 0.188 0.88 0.77 

IRAN 0.942 0.0162 0.196 0.91 0.82 

To consider the site conditions the same procedure explained for equation 4-10 is taken in 

equation 4-12 by adding the site coefficients (to be either 1 or 2 as explained above for hard 

or soft soils respectively). The coefficients for such equation are given in Table 4-19. Another 

attempt similar to equation 4-11 is carried out for intensity (as a dependent parameter) and 

macroseismic intensity (I0) as independent parameter, adding the “site” parameter, in 

equation 4-13. The coefficients for such equation are represented in Table 4-20. 

                                                     I=a.M –b.X – clnX+ ci.Si +σ.P                                   (4-12) 

                                                     I=a.I0 –b.X – clnX+ ci.Si  +σ.P                                   (4-13) 

Table 4-19. The coefficients for the equation 4-12, R is the coefficient of correlation   

Region a b c d1 d2 R (Correlation) 

Alborz-C.Iran 1.268 0.0142 0.256 -1.061 -1.590 0.8 

Zagros 1.107 0.0188 0.227 -0.040 0.566 0.55 

IRAN 1.279 0.0125 0.270 -1.274 -1.600 0.76 
 

 

Table 4-20. The coefficients for the equation 4-13, R is the coefficient of correlation   

Region a b c d1 d2 R (Correlation) 

Alborz-C.Iran 0.719 0.0146 0.221 1.806 1.524 0.84 

Zagros 0.702 0.0178 0.202 1.577 1.275 0.72 

IRAN 0.746 0.0142 0.226 1.422 1.280 0.79 

Conclusion: 

The attenuation model fit the earthquake intensities in Iran are presented considering the 

magnitude or macroseismic intensities and for the cases when we consider or not the site 

effect parameter. Based on the dispersion of the site effect estimations, it is recommended to 

use the attenuation laws which are developed in this study with no consideration of site 

effects. The general (form of the attenuation of intensities in Iran follows the attenuation 

model of acceleration for Iran (Zaré 1999). 
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4-8.   Attenuation law for the strong-motions in Iran 

* Source Article: Zaré, M., M Ghafory-Ashtiany, PY Bard, (1999), "Attenuation law for the 

strong-motions in Iran", Proceedings of the third international conference on seismology and 

earthquake engineering, pp. 345-354. 

The attenuation of the Iranian strong motion is studied using the Iranian strong motions 

database. This database comprised 468 three-component well recorded data (analog and 

digital) for which the teleseismic source parameters were available, or calculated from the 

strong motion records. The two-step used attenuation model used in this study is: 

                           log A= a.M - b.X- d.log X +ci.Si + σ.P      , i= 1, 2, 3, 4                        (4-14) 

Where A is strong motion parameter, M is the moment magnitude, X is the hypocentral 

distance. The coefficients a, b and ci are the coefficients of magnitude, anelastic attenuation 

with the distance and site effects (as c1, c2, c3 and c4 for the four-class site classification by 

Zare et al., 1999; see Table 3-2 in section 3-3-2) respectively. The sigma term represent the 

84.1% standard deviation with P=1 to be added to the mean (50% values; P=0). The d 

coefficient for the logX term is introduced to allow a geometrical expansion which may be 

different from the body wave 1/x dependence. The regression were performed in this paper 

for various ground motion parameters; PGA, PGV and PGD. 

 

Database 

The database used as the input for this study consists of 468 three-component accelerograms 

(169 analog by SMA-1 instruments and 299 SSA-2 records) recorded between 1975 and 

February 1996 by the Iran Strong Motion Network. The magnitude range for the whole 

dataset of records was 2.7 to 7.4, and the range for hypocentral distance was 4-224 km.  

Results:  

The results of regressions are presented in this paper in the form of peak values. The values 

of the coefficients for the maximum of strong motion parameters (PGA, PGV and PGD) are 

estimated in Table 4-21 to 4-23 for d=1. The "b" values, which represent the anelastic 

attenuation, found to be the positive values in some cases in Table 4-21 to 4-23. Such 

condition, that does not seems to be normal, might be concerned to the fixed values of logX 

term in our regression, however the values of "b" are very low. 
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Table 4-21. Coefficients for the attenuation of PGA, for 468 cases 

Region  a b c1 c2 c3 c4 Sigma 

Alborz-C.Iran (vertical) 0.322 0.0003 -0.828 -0.754 -0.971 -0.788 0.352 
Alborz-C.Iran (horizontal) 0.322 0.0004 -0.688 -0.458 -0.720 -0.585 0.394 
Zagros (vertical) 0.406 -0.0038 -1.262 -1.333 -1.230 -1.777 0.356 
Zagros (horizontal) 0.399 -0.0019 -1.047 -1.065 -1.020 -0.975 0.329 
Iran (vertical) 0.362 0.0002 -1.124 -1.150 -1.139 -1.064 0.336 
Iran (horizontal) 0.360 0.0003 -0.916 -0.862 -0.900 -0.859 0.333 

 

Table 4-22. Coefficients for the attenuation of PGV, for 381 cases 

Region  a b c1 c2 c3 c4 Sigma 

Alborz-C.Iran (vertical) 0.466 0.0014 -3.108 -3.178 -3.328 -3.069 0.363 
Alborz-C.Iran (horizontal) 0.471 0.0006 -2.865 -2.896 -2.969 -2.737 0.360 
Zagros (vertical) 0.612 0.0028 -4.011 -4.101 -3.984 -3.917 0.319 
Zagros (horizontal) 0.588 0.0040 -3.627 -3.651 -3.632 -3.502 0.315 
Iran (vertical) 0.548 0.0018 -3.675 -3.761 -3.702 -3.610 0.336 
Iran (horizontal) 0.538 0.0014 -3.335 -3.360 -3.348 -3.224 0.338 

 

Table 4-23. Coefficients for the attenuation of PGD, for 346 cases 

Region  a b c1 c2 c3 c4 Sigma 

Alborz-C.Iran (vertical) 0.828 -0.0029 -5.861 -6.127 -6.023 -5.753 0.521 
Alborz-C.Iran (horizontal) 0.828 -0.0036 -5.694 -5.837 -5.771 -5.352 0.489 
Zagros (vertical) 0.784 0.0084 -6.043 -6.164 -6.144 -6.109 0.312 
Zagros (horizontal) 0.797 0.0086 -5.893 -5.973 -5.954 -5.743 0.334 
Iran (vertical) 0.830 -0.0003 -6.051 -6.213 -6.136 -6.081 0.337 
Iran (horizontal) 0.829 -0.0010 -5.831 -5.942 -5.899 -5.645 0.388 
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In the current chapter, I explain my most important studies or research collaborations on 

seismic hazard assessment and its related concepts. The chapter starts with the review of 

seismic hazard analysis in Iran and its challenges, introducing the studies on seismic sources 

and magnitude assessments and terminates to the seismic hazard studies which I was 

involved in. In this regard, at first, I review the studies of the seismic hazard analysis of Iran 

performed during the last 40 years in the section 5-1 and then I will point out the challenges 

of such studies in Iran in the section 5-2. In the sections 5-3 and 5-4, I will describe the 

researches on seismotectonic and source identification and earthquake magnitude evaluation, 

respectively; the studies which I contributed in. I then demonstrate the recent studies on the 

seismic hazard in Iran and some parts of Asia in the sections 5-5 and 5-6, respectively.  

 

5-1.   Seismic hazard zoning in Iran: a state-of-the-art on the studies during 

four decades 

* Source Article: Zaré M, (2017), "Seismic hazard zoning in Iran: a state-of-the-art on the 

studies during four decades", JSEE, Vol 19, No 2, pp 71-101. 

It is efficient to carry out earthquake hazard analysis of seismically active regions for the 

earthquake resistant design of civil structures. In this respect, it is essential to have the fullest 

possible understanding of earthquake hazard by preparing detailed seismic zoning maps in 

terms of intensity, peak ground motion parameters, spectral accelerations and etc. The output 

of a seismic hazard zoning map depend on completeness level and accuracy of available data 

and analysis method. The better input for hazard analysis results in more reliable parameters 

and seismic hazard assessments. 

Iran is considered as one of the most seismically active regions in the world faced with 

different earthquakes each year. Active tectonic conditions, existence of different faults and 

seismic sources and a large population in earthquake-prone areas, makes it necessary to 

perform more considerations and scientific studies in order to analyze the seismic risks. 

The seismic hazard zoning maps are developing in Iran using seismicity and active 

tectonic data since the mid-1970s. The analysis have been expressed using different seismic 

parameters. The studies to determine the level of seismic hazard in Iran were established 

using active fault maps, iso-intensity maps of major earthquakes, seismotectonic map (e.g.  

Nowroozi, 1976; Berberian, 1976a; Berberian, 1976b; Nogol Sadat, 1993; Ramazi, 1995; 
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Tavakoli, 1996; Mirzaei et al., 1998; Zare and Memarian, 2000; Mojarab et al., 2014) as well 

as an earthquake catalog of Iran (Ambraseys and Melville, 1982; Berberian, 1994; Moinfar et 

al, 1994; Mirzaei et al., 1997; Shahvar et al., 2013; Karimiparidari et al.,2013). 

Continuous improvement in providing earthquake catalogs, defining seismotectonic 

provinces and intensities has led to evolution of the hazard analysis. The first generation of 

seismic hazard maps were developed based on the deterministic approach in terms of 

maximum intensity levels. Then, by progress in data completion and methods, the 

probabilistic approaches in terms of peak ground accelerations were proposed (Cornell, 1968; 

Algermissen et al., 1982). Most of the probabilistic seismic hazard analysis (PSHA) involve 

several steps as below: 

• Definition of the nature and locations of earthquake sources. 

• Seismicity and frequency-magnitude relationships for the sources. 

• Attenuation of ground motion with distance from the sources. 

• Determination of exceedance probability at given sites. 

In this section, some of the most important seismic hazard zonings in Iran during the 

last four decades are explained. The trend of such zoning studies started by deterministic 

approaches, continued by probabilistic approaches and finally is under consideration in terms 

of spectral zoning maps. It is tried to depict the development history of seismic hazard zoning 

in Iran which starts from 1977 by Neghabat and Liu and terminates to the last updated 

version carried out by Zare et al (2015). 

Development History of the Seismic Hazard Zoning Studies in Iran 

Since the mid-70’s by 2015, dozens seismic hazard analysis have been carried out for the 

country and its regions, employing different data and methods. 

In 1977, Neghabat and Liu prepared an earthquake microzonation analysis of Iran. They 

initially divided the geological area of Iran into four seismic regions including the Zagros 

folded belt, the Rezaiye-Esfandagheh orogenic belt, the central and southeast Persia and the 

Alborz ranges. Each of the four regions were divided into several sub-regions as earthquake 

source zones in order to be analyzed separately. The earthquake database of their analysis 

comprised of the instrumental mainshocks with Richter magnitude greater or equal to 4, 

recorded during 1900-1970. Then, the probability of the maximum earthquake intensity for 

each independent zone was determined based on different statistical and probabilistic 
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relationships such as Gutenberg-Richter reoccurrence relation, arrival rates and attenuation 

functions and the seismic hazard method developed by Cornell (1968). Finally, by 

synthesizing the results of the four mentioned geological regions, a general isoseismic 

contour map was presented for the entire country in terms of the Modified Mercalli intensity 

corresponding to various return periods of 20, 100, 500 and 2500 years. Neghabat and Liu 

(1977) concluded that the highest intensity levels occur in the northeastern section of the 

country which is expected according to the relatively shallow depth of earthquakes i.e. 15 

kilometers in this region. A lower intensity level belong to the Persian Gulf, northwestern of 

Iran and the lowest risk areas occur basically in the northwest between Tehran and Tabriz and 

the central and southeastern part of the country. 

In the same year, Berberian and Mohajer-Ashjai (1977), prepared another seismic 

hazard map of Iran based on the deterministic estimate of the maximum intensity, adding 

other available data such as historic earthquakes, effects of the major Quaternary and active 

faults of the country. Their paper presents a deterministic estimate of the maximum intensity 

levels to be expected in different parts of Iran.  

Mohajer-Ashjai and Nowroozi (1978) used thirteen available isoseismal maps of 

Iranian major earthquakes, reports of historical damages, distribution of moderate and large 

earthquakes and post Quaternary faults and volcanoes to construct two intensity zoning maps 

for Iran. The first map was prepared on the basis of observed and calculated intensities in 

which 5 zones were introduced. The second map consisted of probable intensity zones which 

were calculated assuming seismic activity of post-Quaternary faults. 

Berberian (1981) also depict a seismic hazard zoning map in terms of intensity in which 

the values were not expressed as the maximum possible intensities but the most probable 

intensities. Looking at the map reveals that the third zone with maximum intensity covers the 

region of Quaternary faults and the area associated with past destructive earthquakes. 

Up to this time, most of the seismic hazard studies were concentrated on deterministic 

estimation of the intensity parameter. Since then, by progress in data collection and statistical 

methods, the probabilistic approach was employed to calculate the probable peak ground 

accelerations. The PSHA method takes all possible earthquake occurrences and ground 

motions into account to calculate a combined probability of exceedance that incorporates the 

relative frequencies of occurrence of different earthquakes and ground-motion characteristics. 

The first probabilistic hazard analysis in terms of PGA versus annual risk and return 

period was carried out by Bozorgnia and Mohajer-Ashjai in 1982. For this purpose, they used 
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a catalog of 2346 recorded instrumental events during 1900-1981 in Iran. They also modeled 

a total number of 324 seismic sources from which 304 were fault segments and 20 were area 

sources. They finally presented the probable PGA in 25 major cities of Iran corresponding to 

20, 50, 100, 150, 200, 500, 1000 and 10,000 years return periods.  

Nowroozi and Ahmadi (1986) also conducted a PSHA for Iran using seismotectonic 

province model and compiled and statistically treated earthquake data of each province. They 

first calculated the coefficients of a log-linear and a log-quadratic magnitude frequency 

relationship and estimated the PGA for a set of return periods and epicentral distances and 

noted the substantial variations in return periods for a given earthquake magnitude. 

Another important seismic hazard zoning for the country has been produced as an 

attachment of the Iranian seismic code for buildings (known also as the Standard No. 2800). 

Until now, four editions of the Standard 2800 have been published and updated in 1988, 

1999, 2007 and 2012, respectively (Fig. 5-1- a, b, c). All maps have been prepared based on 

the study on relative seismic hazard zoning using different seismic, tectonic and geology 

data. To produce the seismic hazard zoning maps with relative earthquake hazard, seismic 

history, known Quaternary faults, seismotectonic maps and attenuation relations were applied 

as the main data. In addition, some important factors such as considering the socio-economic 

importance of different cities and possibility of unknown Quaternary faults were also usually 

taken into account. Last version of this map was published in 2012 for which a 

comprehensive study on some disciplines, or revision of some important aspects was carried 

out. For instance, a new fault map was compiled in the scale of 1:1,000,000 in which 700 

faults with over 20 km in length were identified meanwhile magnetic basement lineaments 

were removed. A refined and updated catalogue of the Iranian earthquakes including historic 

to 2011 events was compiled with the expertise judgments. In addition other data such as 

tectonic condition of different parts of the country, seismic sources, recorded strong motion 

data, and the case studies of important structures’ sites such as dams and power plants were 

also used. On the basis of combination of these updated data, a hazard map was produced 

which divides the country into four zones with design base accelerations of 0.35g, 0.30g, 

0.25g, and 0.20g (Fig. 5-1-c). The defined zones are rated as very high, high, moderate, and 

low hazard, respectively. This map indicates that about 70% of the area in the map 

corresponds to 0.30g (high hazard) zone. 
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(a) 

 

(b) 

 

(c) 

Fig. 5-1. Seismic macrozonation hazard map of Iran as an attachment to the Standard 2800 published 

in: 1999 (a) 2007 (b) and 2012 (c). 

 

Tavakoli and Ghafouri-Ashtiani (1999) prepared seismic hazard maps of Iran in the 

forms of iso-acceleration contour lines and seismic hazard zoning using PSHA method on the 

basis of three kinds of data: earthquake database, seismotectonic provinces and attenuation 

relationships. In their study, the computer program SEISRISK III was applied to calculate the 

PGA. Accordingly, the two mentioned maps (contour lines and zoning) were originally 

presented on 1:5000000 scale. These maps indicated that the minimum and maximum 

accelerations ranged from 15% to 48% g. The highest PGA were predicted to be 0.45g and 

0.3g for return periods of 475 and 75, respectively, encompassing North Tabriz, North 



Chapter 5: Seismic Hazard Analysis 
 

 133 
 

Tehran and Dasht-e-Bayaz fault zones. The lowest PGA were predicted to be less than 0.35g 

and 0.2g for return periods of 475 and 75, respectively, for a narrow NW-SE band from 

Urumiyeh to Esfahan and in the Central Lut zone. It is notable that the calculated PGA is 

corresponding to the maximum horizontal acceleration in bedrock level and the PGA on 

surface soil level should be then calculated for each region using proper attenuations relations 

and soil profiles. Their results were then also published in the Global Seismic Hazard 

Assessment Program (GSHAP, 1999) (Fig 5-2). 

 

 

Fig. 5-2. seismic hazard zoning of Iran. four zone levels are defined, rated as: very high hazard, high 

hazard, moderate hazard and low hazard (GSHAP, 1999). 

 

Mäntyniemi et al. (2007) used a new method called "parametric-historic" (Kijko and 

Graham, 1999) to map PGA, PGV and PGD. This method does not require any definition of 

seismic sources and/or seismic zones and permits the use of both incompletely reported 

historical and complete instrumental earthquake catalogs as input data, considering the 

inherent magnitude errors and uncertainties of earthquake locations. Mäntyniemi et al. (2007) 

used 3345 earthquake mainshocks on the Mw scale in the time span of 734-2002 which was 

compiled by Zare (2002). Using the data and employing the Iranian attenuation relationship 

given by Zare et al (1999), final seismic hazard map was prepared which specified a 10% 

probability of exeedence of the given horizontal PGA values for an exposure time of 50 

years, corresponding to a returm period of 475 years. The soil category of rock and stiff 

sediments was assumed. The new map does not show such strong elongation of contours as 



Chapter 5: Seismic Hazard Analysis 
 

 134 
 

previous works that are based on assumptions of seismotectonic units. In this new one the 

resulting PGA values are lower than those of previous works which can be resulted from a 

different methodology. 

In 2008, with regard to earthquake hazard mitigation program and retrofitting of 

structures, infrastructures and lifelines, a new detailed seismic hazard analysis project was 

proposed by the President Deputy Strategic Planning and Control of Iran. The project was 

divided into 7 phases for which six different regions of the country containing the Greater 

Tehran, Alborz, northwestern Iran, eastern Iran, central Iran and south of Zagros were 

considered for seismic hazard analysis for which their results will be further combined to 

derive a unique map for the country. Up to now, the first phase of the program (the Greater 

Tehran) has been published under the consideration of the faculty of engineering, University 

of Tehran (Gholipour et al, 2008). The next two phases (Khorasan and Azarbaijan regions) 

are currently being done under consideration of the Geological Survey of Iran. In addition, 

with respect to significant importance of the plan, the responsibility of monitoring the plan 

was assigned to the road, housing and urban development research center. In the first phase 

for the Greater Tehran region, available surface/subsurface geophysical, seismological, 

geotechnical, geodetic and hydro geological characteristics of the project area was first 

evaluated. The analysis resulted in preparing a seismic hazard map in which maximum 

acceleration of an earthquake with a determined occurrence probability is presented. Keeping 

in mind the different kinds of uncertainties for earthquake size and location and future 

triggering, the analysis has been performed for events of 2%, 5%, 10% and 50% occurrence 

probabilities in 50 years and for different soil profiles including 150, 255, 525, 760 and 1070 

m/s shear wave velocities. In addition, uniform seismic response spectra and simplified 

uniform spectra for 475-year and 2475-year return periods were also presented.  

In 2012, several seismic hazard analysis were published for the country. Moinfar et al. 

(2012) published a paper on the subject defining the trend of preparing seismic hazard map 

for the Iranian seismic code for buildings. They tried to make “a comparison between the 

base accelerations of the updated Iranian seismic hazard map with those of the neighbor 

countries. This comparison shows that there is a relatively good agreement with countries 

located in the west and northwest of Iran, while there are some disagreements with the 

northeast and eastern neighbors” (Moinfar et al., 2012). Therefore, their finding 

recommends that a future collaboration between the countries in the region can aim to 

develop a unified seismic hazard zoning map for the region and the Middle East. 
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At the same time, Zare (2012) introduced a new map based on new seismic source 

determination. The determination of seismic source zones were performed using the up-to-

date geophysical and geodetical measurements. The new data showed that the revision in 

seismic hazard zoning maps in local and regional (nation-wide) scale is necessary. In his 

study, new map was prepared according to new seismic source data and parametric method 

(Fig. 5-3). 

 

Fig. 5-3. Seismic Hazard Zoning for Iran, using parametric method and assessing PGA for 475 years 

of return period (Zare, 2012). 

Hamzehloo et al. (2012) also developed new seismic hazard maps for Iran based on 

probabilistic earthquake hazard analysis. As the first step, necessary data were provided. The 

IIEES catalogue, which is based on the reports from International seismological institutes, 

and reports from Ambreseys and Melville (1982) were used, considering moment magnitude 

(Mw) in all calculations. In this respect, the authors estimated the seismicity parameters and 

the return period for different earthquake magnitudes using the Kijko (2000) method which 

makes it possible to combine the information of the historical part of earthquake catalog with 

those of the instrumental part. The method is based on assumption of the Poisson occurrence 

of earthquakes with the activity rate of λ and the doubly truncated Gutenberg- Richter 

distribution. On the basis of geological and seismological studies, Hamzehloo et al. (2012) 

found 25 source zones in which seismicity parameters were estimated after omitting 

foreshocks and aftershocks from the catalogue. In addition, four attenuation relationships 

(Ghasemi et al., 2009; Boore et al., 1997; Campbell and Bozorgnia, 2003; Abrahamson and 
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Silva, 1997) were also considered. They also presented the disaggregation and uniform 

hazard plots showing the contribution of hazard for major cities in Iran. 

Yazdani and Kowsari (2013), for the first time, used time-independent Bayesian 

probability method to assess seismic hazard in Iran. The earthquake database they used in the 

prior estimation contained 140 historical and 495 instrumental events. “The Bayesian 

approach was applied to calculate the probability that a certain cut-off magnitude would be 

exceeded at certain time intervals in different regions of Iran” (Yazdani and Kowsari, 2013). 

The results for the cut off magnitude of 6.5 indicated that the highest probability of seismic 

hazard exists in the Alborz, Kopeh-Dagh, Bandar-Abas, Kerman, and Zagros regions. The 

seismic hazard was assessed to be lowest for the Esfahan–Sirgan region, the Arabian 

Platform, the Persian Gulf, and Kavir in Central Iran. Based on their results, the comparison 

of results between the Bayesian method and previous seismotectonic models of Iran revealed 

the ability of the Bayesian method to identify seismotectonic provinces based on earthquake 

data alone. They also explained that identification of different seismotectonic provinces with 

similar characteristics in a region of intensity is one of the most important goals of seismic 

hazard studies. This task is usually completed by subjective interpretation, based on 

geological and seismotectonic information. It should be emphasized that Bayesian updating is 

a strong tool that can be used for more reliable geological and seismological interpretation. 

Recently, a comprehensive earthquake seismic hazard analysis was performed in the 

framework of EMME (Earthquake Model of the Middle East Region) project. The EMME 

Project is a regional project of the umbrella GEM (Global Earthquake Model) project. The 

PSHA approach and the existing source models were revised or modified by the 

incorporation of newly acquired data. More importantly, the most distinguishing aspect of the 

EMME project from the previous ones is its dynamic character. This very important 

characteristic is accomplished by the design of a flexible and scalable database that will 

permit continuous update, refinement, and analysis. In 2013, a part of the project was finished 

and new seismic hazard maps were released (for more details, see section 5-6-1).  

In the early 2015, Mousavi Bafrouei et al. published new PGA and spectral acceleration 

(SA) hazard maps of Iran using a modified probabilistic seismic hazard assessment, 

developed by Chinese researchers. As the input data, they used a unified catalog of de-

clustered earthquakes containing both historical and instrumental until late 2012 as well as an 

area source model which contains 238 potential seismic sources within 5 major 

seismotectonic provinces. For each seismotectonic provinces, seismicity parameters and 
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background seismicity were determined. Then seismic hazard assessment of Iran for a grid of 

over 40,000 points with 10 km interval was carried out using OpenQuake software by three 

different GMPEs (Boore and Atkinson, 2008; Chiou and Youngs, 2008; Campbell and 

Bozorgnia, 2008) and two models of seismicity for potential seismic sources in a logic tree. 

Finally, Mousavi Bafrouei et al. (2015) calculated the PGA and SA for 5% damping ratio at 

0.2 and 2 seconds corresponding to 10% and 63% probability of exceedance within 50 years 

(475-year and 50-year mean return periods, respectively). They found the maximum and 

minimum PGA for 475-years return period to be 0.63g in North-East of Lorestan and 0.1g in 

central Iran, respectively. They also found that the comparison of their results with the last 

version of the seismic hazard map in Standard 2800 and showed significant differences, so 

that seismic hazard levels estimated in this study in southern Iran, Sistan-Baluchestan, 

Hormozgan and Fars provinces, indicated significantly higher values.  

The most recent seismic hazard map of Iran was developed using the most recently 

comprehensive data and a PSHA approach by Zare et al. (2015). In this regard, a 

homogeneous earthquake catalog of Iran developed by Karimiparidari et al (2013) was used, 

which includes the Iranian events in terms of uniform moment magnitudes (Mw) with the 

range of MW 3.5–7.9 from the 3rd millennium BC to April 2010. Until now, this catalog 

seems to be the most comprehensive data, since it covers a wide time span of earthquake 

history and contains of uniform scaled magnitudes. Zare et al., (2015) used new seismic 

source models and seismotectonic zoning map of Iran (Karimiparidari et al., 2011). This 

seismotectonic models were developed based on the latest data of active tectonic, topography, 

magnetic intensity and seismicity catalog. These new maps divide the area of Iran into 27 

seismotectonic zones and demonstrate two models for linear and regional seismic sources. 

Modification and computation local coefficients of the space-time windows in the well-

known window algorithm developed by Gardner and Knopoff (1974), was also performed in 

the research by Zare et al., (2015). To modify the space-time windows, the well-documented 

events of Iranian earthquake catalog in the time period of 1972 to 2008 were used. The data 

contains 21 different sequences of mainshocks and aftershocks with the magnitude of the 

mainshocks ranged between Mw 5.4 and 7.1. The updated temporal and spatial windows 

were applied to the seismic catalog in different seismotectonic zones of Iran. After 

declustering, the seismic catalogs were found to follow a Poisson distribution in all studied 

zones based on the results of the statistical Kolmogorov-Smirnov test. The same test on times 

between successive declustered events shows that the inter-event times of all catalogs follow 
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an exponential distribution. Following the removal of foreshocks and aftershocks, magnitude 

of completeness of each seismotectonic zone was established for the entire time span of the 

catalog. They also made a comparison study on available strong motion attenuation relations 

to select proper models and weight them in a logic tree. In this respect, six attenuation models 

(including Ghasemi et al., 2009; Zafarani and Soghrat, 2012; Boore and Atkinson, 2008; 

Akkar and Cagnan, 2010; Ambraseys, 2005) which had the best coincidence to the Iranian 

data were used to conduct the PSHA. In this respect, for each seismotectonic zone, very 

lower level of its seismicity was considered as the background seismicity. Frequency of 

earthquakes was attributed to each zone using the ratio of the uncovered area by sources to 

the total area of zone. In the following, seismicity parameters were calculated and the 

probabilistic source-based approach established by Cornell in 1968 was followed by different 

branches defined in logic tree. Accordingly, a grid network with 0.2*0.2 square kilometers 

cells in the area of study was taken into account and seismic hazard zoning map of Iran with 

475-year return period was prepared using CRISIS2007 software and Kriging interpolate 

method. (For more details, see section 5-5-1). 

The seismic hazard zoning maps are developing in Iran using seismicity and active 

tectonic data since the mid-1970s. During the first years of this four decades, studies mostly 

focused on deterministic earthquake intensity approaches. Developing strong motion data, 

attenuation relations and probabilistic methods, probabilistic maximum acceleration 

approaches were replaced to the deterministic intensity method. Most of the recent seismic 

hazard analysis studies and projects were conducted based on PSHA method, meanwhile 

some other mathematical/statistical algorithms were rarely used.  

Although the deterministic and probabilistic PGA methods are efficient, some other 

modern seismic hazard analysis approaches are currently proposed in the world such as 

spectral analysis, neo-deterministic and realistic acceleration approaches. It is expected that 

the  further studies to be focused on the new approaches as well as the developing of spectral 

zoning maps, a new focus on Mmax assignments and incorporation of seismic historical data 

in hazardous region having rare instrumental seismicity data. Meanwhile some tools are 

provided in the 10 recent years such as defining spectral attenuation models by different 

researches (e.g. Khademi, 2002; Ghodrati Amiri et al., 2007; Zaré et al., 2008; Zafarani et al., 

2008; Ghasemi et al., 2009; Sadeghi et al., 2010; Ghodrati Amiri et al., 2010; Bagheri et al., 

2011; Saffari et al., 2012; Hamzehloo and Mahood, 2012; Soghrat et al., 2012; Zafarani and 

Soghrat, 2012; Kale et al., 2015) which may provide new tools for further hazard zone 
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mapping in Iran. There are currently published some spectral acceleration hazard maps (e.g. 

Hamzehloo et al., 2012; Mousavi Bafrouei et al., 2015). and a comprehensive study is under 

preparation by IIEES. 

The future trend in hazard mapping seems to cover the intensity assessment, realistic 

acceleration and the neo-deterministic approaches and also the development of site specific 

hazard analysis for Iran based on the detailed integrated the site characteristics database. 

 

5-2.   Challenges of seismic hazard analysis in Iran  

Some recent earthquake occurrences in Iran have shown that in some cases, earthquake 

hazard assessments have failed to correctly predict the real ground motions and intensities. 

As mentioned before, such condition goes back to lack of enough data and uncertainties in 

attenuation, maximum magnitudes and algorithms. Although there are fairly good recorded 

historic and instrumental data in Iran and good researches on some critical active faults of the 

Iranian Plateau (e.g. studies on paleoseismic, GPS and seismicity rate of North-Tehran, North 

Tabriz and Mosha faults; Nazari, 2006), but more investigation such as paleoseismic 

investigation and evaluation of seismic capacity of other active faults as well as identification 

of blind faults are still a matter of concern.  

A fault that is likely to have another earthquake sometime in the future and has at least 

one of the following characteristics: 

• Fault are commonly considered to be active if it has moved one or more times during 

the past 10,000 years (Holocene). 

• The U.S. Nuclear Regulatory Commission defines a fault as capable if the fault has 

moved at least once in the 35,000 years or more than once in the past 500,000 years. 

• Macro-seismicity instrumentally determined with records of sufficient precision to 

demonstrate a direct relationship with the fault. 

• Micro-seismicity instrumentally determined with records of sufficient precision to 

demonstrate a direct relationship with the fault. 

• A structural relationship to a capable fault according to characteristics such that 

movement on one could be reasonably expected to be accompanied by movement on 

the other. 

• Fault has been historically active in such a way that with the available features, the 

location of earthquake could be determined with sufficient precision.  
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• The existence of fault scarp on surface that has not been eroded.  

• The existence of subsurface faults that offset Quaternary deposits and geomorphic 

features.  

Here, I point out to two important earthquakes which are good examples to show that what 

happened was so different of what we expected. 

The first example of such incorrectly predicted situation was the September 16, 1978, 

Mw7.4 Tabas earthquake in which about 15,000 people were killed. The thing that I can 

mention as a big challenge related to this earthquake is that, before the earthquake, we did not 

recognize the causative fault which could generate such a great catastrophic event. According 

to Berberian, (2014), “The earthquake ruptured the unmapped and unknown Tabas thrust 

fault at the western Neogene foothills of the Shotori Mountains. The 1978 Tabas  earthquake 

was associated with (i) 75-km long, coseismic surface thrust faulting dipping east–northeast 

along a curved fault line and (ii) flexural-slip faulting in the form of bedding-plane slip with 

a thrust mechanism on the hanging wall of the Tabas thrust in a vast area. About 75 km of 

discontinuous coseismic thrust faulting, in several segments of arcuate form, was mapped at 

the surface along an existing but unrecognized foothill-front reverse fault, the Tabas active 

thrust. The majority of the slip, in at least four subevents, contributing to the strong-motion 

signals and the WWSSN body waves, terminated about 15 km NW of Tabas-e Golshan, giving 

a fault length of 90 km. Maximum coseismic surface faulting of about 75 km was observed 

and mapped on the surface. Since the maximum measured “single” thrust displacement at the 

surface was only 35 cm, the major part of the primary rupture is likely to have been blind.” 

Another important example that I can mention as a challenge we faced is the December 

26, 2003 (Mw6.5) Bam earthquake, indicating the failure of the Iranian seismic hazard zoning 

map. Before the 2003 Bam earthquake, the region was classified as a zone with an average 

hazard in the seismic hazard zoning map of Iran in the Iranian building code (Standard No. 

2800). However, the 2003 earthquake revealed the high potential of the fault in the region as 

well as the unpredicted strong shaking due to the near-field effect. In the earthquake report by 

Eshghi and Zare (2003), we indicated that “the trends of the main faults (including the Bam 

fault) in this region are North-South, and NW-SE. These two systems intersect in western Lut 

area. The NW-SE faults (Kuhbanan and Ravar faults) and the north-south faults (Nayband, 

Chahar-Farsakh, Anduhjerd, Gowk, Sarvestan and Bam faults) have determined the border 

of the north-south structures in the Lut area with the NW-SE structures. These intersection 
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zones were some of the main sources for the disastrous earthquakes. The existing records on 

historical seismicity indicate no major earthquake in Bam since the historical time. It seems 

that the Bam earthquake of 26/12/2003 has ended a seismic gap along the Bam fault. This 

seismic gap could be verified with the Arg-e Bam castle, which was constructed about 2000 

years ago and since then, until the 2003 earthquake of Bam. 

 

5-3.   Studies on Seismotectonic and Sources  

5-3.1. Modeling of the seismotectonic provinces of Iran using the self-organizing map 

(SOM) algorithm 

* Source Article: Mojarab M., Memarian H., Zaré M, Morshedy A.H., Pishahang M.H.,  

(2014), "Modeling of the seismotectonic provinces of Iran using the self-organizing map 

algorithm", Computers & Geosciences, Vol. 67, pp. 150–162, doi: 

10.1016/j.cageo.2013.12.007. 

In this section, I present the modeling of the seismotectonic provinces of Iran using the self-

organizing map (SOM) algorithm, an analysis taken from the published article by Mojarab et 

al. (2014). 

Seismotectonic modeling of Iran using the SOM smart algorithm requires a data bank of 

the necessary features. In all of the smart clustering methods, each input data record is 

defined as a point in a multi-dimensional space. Therefore, each local point in the area of 

study has geological, seismic, geophysical, and morphological features. 

To prepare a data bank and to assign features, including seismic, fault, gravity, magnetic, 

and topography, to specific coordinates, the map of Iran was first covered by a regular (X,Y) 

network, and approximately 20,000 points were generated for thorough coverage. In the next 

step, the collected information was designated to each coordinate (X, Y). Then, for each (X, 

Y) in the thorough coverage network, along with the geographical coordinates, other 

information, such as topography, seismic density, fault density, gravity, and magnetism, was 

designated. Accordingly, the information on a 20,000-point collection with seven features 

was acquired for clustering. Then, the collected information layers were converted to one 

single layer with seven different features for clustering. 
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The SOM algorithm, which was first defined by Kohonen (1981), is a nonparametric, 

recursive regression process in which a set of input data with high dimension is mapped to a 

lower dimensional space. A flowchart of the various steps in the current study is presented in 

Fig. 5-4. 

 

Fig. 5-4. Steps of zonation, including preparing input data, validating cluster number, applying SOM 

algorithm, and comparing the output of the SOM algorithm to the output of the combined model. 

 

To verify the efficiency of the SOM algorithm, four of the most referenced seismotectonic 

models of Iran (Nowroozi 1976; Berberian 1976b; Nogol Sadat, 1993; and IRCOLD, 1996) 

were selected from the literature. 

Considering that the SOMa model has one of the best compatibilities with the combined 

model of the Iranian seismotectonic provinces, to assess it more precisely, we compared this 

model with each of the four models selected from the literature. In Fig. 5-5a, the output of 

SOMa is compared with Nowroozi's model. It is observed that this model in Zagros, Makran, 

West Alborz, and most of Central Alborz has good compatibility with the output of the SOM 

network. Although in other regions of seismotectonic provinces, the two models were not 
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very compatible, some of the borders of the provinces, such as the southern borders of Alborz 

and western borders of Central Iran, have been well identified. 

In Fig. 5-5b, which compares Berberian's model with the output of the SOM network, it 

is clear that the zones of Zagros, Makran, Alborz, and South Makran are quite compatible in 

both models, with dissimilarities only in Central Iran and North-West Iran. Interestingly, the 

borders of many of the seismotectonic provinces are the same in both models, and in some 

cases, the torsions and curvatures of these borders are well identified in the SOM outputs. 

In Fig. 5-5d the IRCOLD model with SOM output is compatible in the Zagros, Makran, 

and Alborz, regions of Northern Makran and Eastern Iran, and the region of Bandar-Abbas. 

In addition, a comparison of the SOM outputs and Nogol's map indicates that good 

compatibility does not exist between these two models, except at the Zagros border, the 

Makran zone, and the East Iran Mountains (Fig. 5-5c). 
 

 

Fig. 5-5. Comparison between the SOMa model with the four presented seismotectonic models: (a) 

Nowroozi, (b) Berberian, (c) Nogol and (d) IRCOLD 
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5-3.2. New seismotectonic zoning and source maps of Iran 

* Source Article: Karimiparidari S., Zaré M. and Memarian H., (2008), "New 

seismotectonic zoning map of Iran", 6th International Conference on Seismology and 

Earthquake Engineering (SEE6), Tehran, Iran. 

In this section, I present a new seismotectonic zoning and source maps of Iran, an analysis 

taken from the published article by Karimiparidari et al. (2014).  

The new seismotectonic zoning map of Iran is developed using earthquake data, tectonic 

and different active fault maps, the magnetic intensity map and the topography map of Iran. 

Distinct characteristic of different parts helped to divide Iran into several zones. The borders 

defined for some zones may not be precise in some parts, as uniform information are not 

available for all parts of Iran. As an instant, the magnetic intensity map has some gaps in 

south west of Iran and also in the country’s border lines. Generally, boundaries of zones 

follow the main active fault traces, which are in good harmony with the magnetic trends and 

seismicity. In central Iran, the topography map helped to make decision about some 

boundaries. The major seismotectonic zones such as Zagros mountain range, Alborz 

mountain range, Central Iran and Makran are divided into several subzones. Fig. 5-6 

illustrates the newly seismotectonic zoning map of Iran which includes 29 zones, each with 

different seismotectonic characteristics. 

In order to test the completeness of the catalogue in each zone, the dependent events 

should be removed. In this respect, the window algorithm, employed in the method described 

by Gardner and Knopoff (1974), was used. Proper diagrams were developed to estimate the 

magnitude of completeness. The first zone (zone No.16 in Fig. 5-6), which is selected from 

the north west of Zagros mountain range, shows the magnitude of completeness at or above 

Mw 4.2. The second one is selected from south part of Zagros mountain range (zone No. 9 in 

Fig. 5-6) and its magnitude of completeness is 4.0. The catalogue in Alborz mountain range 

(zone No. 21 in Fig. 5-6) is complete for Mw 4.0 and above. Makran coast (zone No. 27 in 

Fig. 5-6) has the completeness at Mw 4.5. Catalogue in zone number 6 in Fig. 5-6 as a part of 

Central Iran is complete at magnitude Mw 4.0 and above. 
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Fig. 5-6. New seismotectonic zoning map of Iran which includes 29 zones with different 

seismotectonic characteristics. 

 

 
 

5-3.3. Inception of activity and slip rate on the main recent fault of Zagros mountains, 

Iran 

* Source Article: Alipoor R., Zaré M. and Ghasemi M.R., (2012), "Inception of activity and 

slip rate on the Main Recent Fault of Zagros Mountains, Iran", Geomorphology, Vol. 175–

176, pp. 86–97, doi: 10.1016/j.geomorph.2012.06.025. 

In this section, I present the inception of activity and slip rate on the main recent fault of 

Zagros Mountains, Iran, an analysis taken from the published article by Alipoor et al. (2012). 

“The Main Recent Fault (MRF) is the manifestation of a major active strike‐slip fault in the 



Chapter 5: Seismic Hazard Analysis 
 

 146 
 

hinterland of the Zagros fold‐and‐thrust belt in Iran. We used geological, geomorphological 

markers, pull‐apart basins, and drainage patterns to explore totally a new more accurate 

strike‐slip offset on the MRF of the Zagros Mountains in SW Iran. The MRF has a NW–SE 

strike that is among the most important structural features within the Arabian–Iranian 

continental collision zone. Inception of the MRF has been suggested to be related to the slab 

break‐off underneath the Zagros during the last 10–5 Ma. We conclude that the maximum 

total right‐lateral offset on the MRF is about 16km, leading to a slip rate of about 1.6–3.2 

mmy−1. These figures for the fault inception time and slip rate are consistent according to 

geodetic estimates and three‐dimensional mechanical modeling. 

Considering, the new suggested 16‐km offset on the MRF, the fault inception can be 

calculated by the previously estimated various slip rates. Fig. 5-7 shows the fault inception 

for the MRF with respect to our new 16‐km offset and compares them with the previously 

estimated slip rates.  

 
 

 

Fig. 5-7. Fault displacement versus time. A variety of offsets allows an independent determination of 

inception of faulting. Total offset according to this study is 16 km; and F.I represents the various fault 

inception times. Grey line shows 5 –10 Ma age for inception of faulting in this study. Green and red 

lines show the 0.9–1.6 and 2.6–4 Ma age for inception of faulting with respect to the 10–17 and 4–6 

mm/y slip rates as suggested by Talebian and Jackson (2002) and Walpersdorf et al. (2006), 

respectively. Blue and pink lines show the 3.2–8 and 5.3 Ma age for inception of faulting with respect 

to the 2–5 and 3 mm/y slip rate as suggested by Copley and Jackson (2006) and Vernant et al. (2004), 

respectively” (Alipoor et al., 2012). 
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5-3.4. Geophysical and geological study on the West Qarchak fault and its implications 

in seismic hazard, Tehran, Northern Iran 

* Source Article: Esmaeili, B. M. Almasian, M. Zaré, R. Alipoor, A. Alizadeh, (2014), 

"Geophysical and geological study on the West Qarchak fault and its implications in seismic 

hazard, Tehran, Northern Iran", Episodes, Vol. 37, no. 2, pp 105-110. 

In this section, I present the geophysical and geological study on the West Qarchak fault and 

its implications in seismic hazard, Tehran, Northern Iran, an analysis taken from the 

published article by Esmaeili et al. (2014).  

Geo-electrical investigations: 

The electrical resistivity method (29 geo-electrical measurement) were carried out based on 

Wenner–Schlumberger array with lengths between 360 to 490m in four sections (Profiles A, 

B, C and D in Fig. 5-8), across the West Qarchak Fault. The length, position and direction of 

the profiles were chosen to cover the scarp completely. The distance between profile A and 

profile D is about 4 km. In addition, to explain and discover the geological condition and 

displacement of sub-surface layers along the scarp, four sections were illustrated with regard 

to the geo-electrical tests information. As shown in Fig. 5-9, an apparent vertical 

displacement can be found from Northeast to Southwest direction. However, it is difficult to 

correlate the stratigraphical units to geo-electric sections, but about 25 to 30m total vertical 

displacement can be estimated along the West Qarchak Fault scarp in subsurface layers.  

 

 

Fig. 5-8. Iso-resistivity profiles (A, B, C and D) and apparent dip direction to south west. 
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Fig. 5-9. Electrical resistivity sections show about 25-30 total vertical displacement for WQF. 

 

In the present study, a segment of West Qarchak Fault with length of 4 km was 

investigated (Fig. 5-10) by geo-electrical method. It can be said that this fault reaches the 

Pishva Fault in southeast with same faulting characteristics and joints of Kahrizak Fault in 

Northwest (Fig. 5-10). The scarp of the West Qrchak Fault reaches the scarp of Kahrizak 

Fault and both of them follow contour lines, and therefore they are not ancient shorelines.  

 

 

Fig. 5-10. West Qarchak Fault and its scarp and Geo-electrical tests in the profiles” (Esmaeili et 

al., 2014). 
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5-4.   Magnitude Assessments 

5-4.1. Calculation of confidence intervals for the maximum magnitude of earthquakes in 

different seismotectonic zones of Iran 

* Source Article: Salamat M., Zaré M., Holschneider M. and Zöller G., (2016), "Calculation 

of confidence intervals for the maximum magnitude of earthquakes in different seismotectonic 

zones of Iran", Pure and Applied Geophysics, pp 1–15, doi:10.1007/s00024-016-1418-5. 

In the current study, the upper bound of the confidence interval of the maximum possible 

earthquake magnitude Mmax in different seismotectonic zones of Iran is calculated. This 

calculation is performed for different predefined levels of confidence based on a complete 

earthquake catalog. To study the confidence interval of the maximum magnitude in different 

seismotectonic zones of Iran, the uniform earthquake catalog between 1900 and 2015 in Iran 

and the surrounding area is gathered. It is divided into six sub-catalogs in six seismotectonic 

zones of Alborz, Azerbaijan, Central Iran, Zagros, Makran, Kopeh Dagh and both original 

and declustered catalogs are considered. To have independent events to a certain degree, the 

method of Grunthal (1985) is applied to decluster the original catalog. This allows to evaluate 

the influence of a possible violation of the assumption of the independence of events. It is 

assumed that seismic events in the studied region follow the Gutenberg–Richter relation with 

known magnitude of completeness m0 and the Richter-b value calculated from Aki’s formula. 

Because the confidence interval is known to be unbounded in many cases, we calculate 

the highest confidence level with finite confidence interval 1-αc. The critical value of the 

confidence level 1-αc is calculated for the original and a declustered version of the catalog in 

different magnitudes of completeness equal to 4.8, 5.0 and 5.5. Based on the calculations, it is 

deduced that increasing the magnitude of completeness resulted in the higher value of the 

confidence level but the removal of a higher percentage of data must be considered in this 

case. For m0= 5.5, 1-αc in the original catalog is higher than the declustered catalog in all 

seismic zones. For m0= 4.8 and m0= 5.0, more significant results for 1-αc are shown in 

declustered catalog of Zagros seismotectonic zone and it seems logical based on the existence 

of numerous clusters with magnitude less than 5 in the mentioned zone. 

After calculation of the critical value of the confidence level 1-αc in different 

seismotectonic zones of Iran for m0= 5.5, we use three different values of the confidence 
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level lower than the critical one to calculate the finite confidence intervals. Tables 5-1 and 5-

2 show the results of confidence intervals for different values of 1-α a in both catalogs for six 

seismotectonic zones. For different numbers of events, maximum observed magnitudes and 

the Richter-b values, the highest confidence level 1-αc in the original and the declustered 

catalog of each zone is calculated and the result shows the highest value in the Central Iran 

and the Zagros seismotectonic zones. The confidence levels in the Central Iran 

seismotectonic zone, for the completeness magnitude of m0=5.5, m0= 5.0 and m0= 4.8 in the 

original and the declustered catalog are equal to 0.96, 0.72, 0.27 and 0.91, 0.81, 0.55, 

respectively. These values are equal to 0.94, 0.57, 0.36 and 0.81, 0.79, 0.76 for the original 

and the declustered catalog in Zagros seismotectonic zone for m0=5.5, m0= 5.0 and m0= 4.8, 

respectively. It should be noted, even though, increasing the magnitude of completeness 

would probably result in more independency of events, but reduction of the number of events 

may cause high uncertainty in the estimation of Mmax. Calculations of the confidence interval 

in the original catalog of the Central Iran indicate that with m0=5.5, the confidence interval 

ranges are [7.4, 8.11], [7.4, 7.9], [7.4, 7.79] for 90, 85 and 80% of all cases. The same results 

are equal to [6.9, 7.5], [6.9, 7.29], [6.9, 7.19] for 90, 85 and 80% of all cases in the Zagros 

seismotectonic zone. Calculation of the confidence interval in Kopeh Dagh, Alborz and 

Azerbaijan seismotectonic zones are not that much promising and still too low due to the lack 

of sufficient data in the Makran seismotectonic zone, the seismic catalog is not qualified 

enough to have a good estimation in this zone and the current estimation is not meaningful. 

Results of the calculated confidence interval for m0= 5.5 in original catalogs of all 

seismotectonic zones of Iran are more acceptable in comparison with different values of the 

magnitude of completeness. Since for m0= 5.5, declustering the catalog does not have any 

effect on the seismicity parameters in all seismotectonic zones; to calculate the confidence 

interval, it is recommended to use the original catalog without any declustering. Getting the 

reasonable confidence interval with the low probability of error needs qualified statistics of 

more events, and the current catalog with few events, high uncertainty and small number of 

large events especially in Makran, Kopeh Dagh, Alborz and Azerbaijan does not result in a 

meaningful level of confidence with finite confidence interval. Reduction in the probability 

of error may result in a reasonable level of confidence, but it causes the divergence of the 

confidence interval between the maximum observed magnitude and infinity which means 

unbounded confidence intervals. 
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Table. 5-1. Different levels of confidence and confidence intervals in original catalogs of six 

seismotectonic zones of Iran 

Zone  
Magnitude of 
completeness (m0) 

Level of 
confidence 1-α 

Maximum observed 
magnitude 

Upper bound of the 
confidence interval ψ(µ) 

Alborz  5.5 
0.5 7.3 8.66 
0.45 7.3 8.11 
0.4 7.3 7.87 

Azerbaijan  5.5 
0.58 7.3 8.59 
0.55 7.3 8.16 
0.5 7.3 7.88 

Kopeh Dagh  5.5 
0.6 7.2 8.38 
0.55 7.2 7.97 
0.5 7.2 7.77 

Makran  5.5 
- 8 - 
- 8 - 
- 8 - 

Central Iran  5.5 
0.9 7.4 8.11 
0.85 7.4 7.9 
0.8 7.4 7.79 

Zagros  5.5 
0.9 6.9 7.5 
0.85 6.9 7.29 
0.8 6.9 7.19 

 

 

Table. 5-2. Different levels of confidence and confidence intervals in declustered catalog of six 

seismotectonic zones of Iran 

Zone  
Magnitude of 
completeness (m0) 

Level of 
confidence 1-α 

Maximum observed 
magnitude 

Upper bound of the 
confidence interval ψ(µ) 

Alborz  5.5 
0.5 7.3 8.79 
0.45 7.3 8.18 
0.4 7.3 7.93 

Azerbaijan  5.5 
0.5 7.3 8.18 
0.45 7.3 7.89 
0.4 7.3 7.74 

Kopeh Dagh  5.5 
0.6 7.2 8.93 
0.55 7.2 8.15 
0.5 7.2 7.87 

Makran  5.5 
- 8 - 
- 8 - 
- 8 - 

Central Iran  5.5 
0.85 7.4 8.25 
0.8 7.4 8 
0.75 7.4 7.87 

Zagros  5.5 
0.8 6.9 7.96 
0.75 6.9 7.46 
0.7 6.9 7.31 
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5-4.2. Estimating magnitudes of prehistoric earthquakes and seismic capability of fault 

from landslide data in Noor valley (Central Alborz, Iran) 

* Source Article: Asadi Z. and Zaré M, (2014), "Estimating magnitudes of prehistoric 

earthquakes and seismic capability of fault from landslide data in Noor valley (central 

Alborz, Iran)", Natural Hazard, Vol. 74, Issue 2, pp. 445–461, doi: 10.1007/s11069-014-

1186-4. 

In this section, I present the estimating magnitudes of prehistoric earthquakes and seismic 

capability of fault from landslide data in Noor valley (Central Alborz, Iran), an analysis taken 

from the published article by Azadi and Zaré (2014). 

Giant paleolandslides in Noor valley 

We have identified several giant landslides in Noor valley including Razan, Iva, Baladeh, and 

Vakamar. These landslides and their properties have been listed in Table 5-3. 

Large size of Noor valley landslides and the location of this valley in an active tectonic 

region are evidence showing these giant landslides have been trigged by earthquakes. As 

there is no performed geotechnical analysis, it cannot be definitely concluded that the 

landslide has been triggered by seismic activity. Nevertheless, three or four out of six 

criteria, defined by Crozier (1992), have been used to explain that the origin of these giant 

paleolandslides is earthquake. These criteria are as follows :(1): Ongoing seismicity in 

central Alborz; (2): The spatial relationships between the patterns of landslides and active 

faults in Noor valley; (3): Large size of landslides; (4): Insufficient explanation landslide 

distribution only on the basis of geological and geomorphological conditions. 

The presence of these four factors has been investigated in this research. 

 

Table. 5-3. Giant landslides have identified in Noor valley 

Name Size (km) 
Area 

(km2) 
Volume (km3) Location Classification 

Razan 6.74 * 24.9 ̴ 167.82 – 52.26 36.18 Duab 10.06 * 8.45 

    
52.19 36.22 Razan 6.27 * 6.06 

    
52.1 36.22 Ina 7.57 * 6.92 

Baladeh 4.01 * 4.09 16.4 ̴ 0.1 51.83 36.22 – 
 

Iva 3.75 * 4.5 16.92 ̴ 0.08 52.04 36.18 – 
 

Vakamar 5.28 * 3 16.14 – 52.03 36.22 – 
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Estimating magnitudes of triggering earthquakes by landslide data 

The volume of giant landslides is calculated in Noor valley through Eq. (5-1), presented by 

Mather et al. (2003). 

                                                    Volume = 0.1667 π Dr Wr Lr                                              (5-1) 

Where Dr—depth of surface of rupture (m), Wr—equivalent surface width of surface of 

rupture (m), Lr—equivalent surface length of surface of rupture (m), so volume is ‘‘m3’’. 

In this study, volumes for all giant landslides have not been calculated in Noor valley. 

Only the volumes of Baladeh and Iva giant landslides have been estimated based on Eq. 5-1, 

because of measuring the depths of their rupture surfaces (Dr). In fact ‘‘Dr’’ is the height of 

slip scarp and is measurable only in these landslides. The measured Dr Values are 10–15 m 

in Iva landslide (20 m in its certain parts) and 15–20 m in Baladeh. Wr and Lr have been 

measured based on the satellite images and aerial photographs and presented in Table 5-3. 

The volumes of Baladeh and Iva giant landslides have been calculated through Eq. 5-1 as 

0.08–0.17 and 0.1 km3, respectively. As the volume in Eq. 5-2 is in the form of km3, the 

volume obtained in Eq. 5-1 is converted to km3. 

The sizes and patterns of prehistoric and historic ground failures directly imply the 

relation between strong motions and the mass volumes of the occurred landslides (Nepop and 

Agatova 2008), presented in Eq. 5-2. 

                                                 Log VLmax = 1.36M - 11.58 (±0.49)                                         (5-2) 

where VLmax is the volume of largest landslide (km3). According to Eq. 5-2, the magnitudes 

(M), estimated for triggering earthquake of Baladeh and Iva giant landslides, are 7.7 ± 0.49 

and 7.9 ± 0.49, respectively. 

According to Keefer (1984) as well as the current study, an earthquake should have 

occurred around this valley for triggering its giant landslides. The North Alborz fault can 

probably be considered as causative fault. However, concerning the linear distribution of 

giant landslides along the most important fault of Noor valley (Baladeh fault) shows the 

effect of mentioned fault in the occurrence of landslides triggering earthquakes in this region. 

Besides, the linear distribution of giant landslides along Baladeh fault indicates that the 

eastern segment of Baladeh fault probably causes an earthquake that triggers giant 

landslides (Fig. 5-11). 
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Fig. 5-11. Baladeh fault and other faults in Noor valley” (Asadi and Zare, 2014). 

 

5-4.3. Aftershock decay rates in the Iranian plateau  

* Source Article: Ommi S., Zafarani H, and Zaré M., (2016), "Aftershock Decay Rates in the 

Iranian Plateau", Pure and Applied Geophysics, Vol. 173, Issue 7, pp. 2305–2324, doi: 

10.1007/s00024-016-1285-0. 

In this section, I present the aftershock decay rates in the Iranian plateau, an analysis taken 

from the published article by Ommi et al. (2016). 

Paying attention to the completeness period in the calculation of the modified Omori 

law parameters has a considerable impact. An increase in the completeness period is 

accompanied by a decrease in the parameters C and K, however, it has less effects on 

parameter P (Utsu and Ogata 1995). To be more accurate in the selection of the MC, here, this 

parameter is calculated for different seismotectonic provinces using the earthquake catalogue 

of Iran between 1920 and 2013. To estimate MC in each region, maximum curvature MC 

(MaxC), b-value stability MC (CAO) (Cao and Gao 2002) and Entire Magnitude Range 

methods (Ogata and Katsura 1993; Woessner and Wiemer 2005) have been used. 

To determine the modified Omori law variables, the best way is to find them with 

maximizing likelihood function (Ogata, 1983). With the help of the this method, the 

calculation of the modified Omori law parameters for the selected earthquakes of Iran have 
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been done considering the occurrence time of the mainshock events (Fig. 5-12 and Table 5-4) 

in order to study the aftershock decay rates. 

To be more precise, 1000 bootstraps have been used for this calculation. Some 

aftershock sequences include secondary aftershocks, which are aftershocks of a major 

aftershock (Utsu, 1970). In these cases, the change of the rate is seen in the aftershock 

catalogue which has had an influence on the trend shape and parameter amount. The reason 

for this change in the rate is the occurrence of a major aftershock or a cluster close to the 

previous cluster which can affect the seismicity rate of the region (Hamdache et al. 2013). 

According to the epidemic type aftershock sequence (ETAS) model that is developed by 

Ogata (1988) and is based on the stochastic point process theory, aftershock seismicity rate is 

calculated with a combination of all secondary aftershock sequences. 

 

Table. 5-4. Sequence characteristics and resulted aftershock parameters 

Date  MN Durationa Nb N>Cc Mc Kd Err  Pd Err  Cd Err  Ae b valuee 

06/22/2002 6.4 479 552 143 2.9 13.5 3.6 0.95 0.06 0.02 0.1 -1.62 0.81 

12/26/2003 6.4 778 229 210 2.9 20 13.41 0.95 0.1 0.05 0.26 -1.32 0.77 

05/28/2004 6.3 644 628 210 2.3 50 8.9 1.27 0.06 0.59 0.1 -1.3 0.77 

02/22/2005 6.3 670 269 161 3.2 13.3 4 0.87 0.06 0.23 0.34 -1.58 0.9 

11/27/2005 5.9 372 68 52 3.1 10 0 1.14 0.07 0.51 0.31 -1.43 0.9 

02/28/2006 5.8 434 62 38 3.1 10 0.81 1.2 0.06 2.1 1.2 -0.81 0.67 

03/25/2006 6 486 82 78 2.7 10 1.12 0.99 0.03 0.106 0.17 -1.2 0.71 

03/31/2006 5.9 414 306 150 2.7 18.6 6.3 0.97 0.07 0.183 0.18 -1.46 0.88 

08/27/2008 5.7 351 215 148 2.6 11.5 13.2 0.85 0.17 0.01 0.24 -1.79 0.95 

09/10/2008 6 457 130 87 3.1 10 6.07 0.94 0.04 0.18 0.41 -1.07 0.74 

09/27/2010 6.1 506 267 102 2.4 10 0.07 0.94 0.02 5 0.4 -1.84 0.79 

12/20/2010 6.5 679 309 204 3.2 16 2 0.93 0.08 0.04 0.52 -1.8 0.94 

10/23/2011 7.1 689 179 161 3 15.9 1.33 0.97 0.03 0.04 0.01 -2.53 0.93 

08/11/2012 6.5 724 5089 2523 1.8 441.1 37.67 1.03 0.02 1.41 0.16 -0.94 0.78 

04/09/2013 6.3 479 272 215 2.8 43.5 19.54 1.16 0.13 0.47 0.25 -0.78 0.71 
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Fig. 5-12. Calculation of the revised Modified Omori law parameters (the exactness of these 

calculations is 1000 bootstraps). The solid line represents the plentitude of events per day and the 

dashed line shows the practice of the observed given inputs. The star shows the location of the 

secondary aftershocks, H is the result of the test of goodness of fit, RMS shows the root mean square, 

KS shows the amount of mean Kolmogorov-Smirnov value, parameter P is for statistical testing to 

make adaption with the observations, P, C, K are the coefficients of the modified Omori Law 
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5-5.   Recent Seismic Hazard Zoning in Iran  

5-5.1. Seismic hazard analysis in Iran (475 years return period) 

* Source Article: Zaré M., Karimiparidari S., Memarian H., (2015) "Seismic Hazard 

Analysis in Iran (475 Years Return Period)", Submitted. 

This study aims to conduct a probabilistic seismic hazard analysis for Iran using the most 

recently comprehensive data. For this purpose, a homogeneous earthquake catalog of Iran 

developed by Karimiparidari et al (2013) was used, which includes the Iranian events in 

terms of uniform moment magnitudes with the range of MW 3.5–7.9 from the 3rd millennium 

BC to April 2010 (see section 2-3-2). Moreover, new seismic source models and 

seismotectonic zoning map of Iran were used which were developed based on the latest data 

of active tectonic, topography, magnetic intensity and seismicity catalog. These new maps 

divide the area of Iran into 27 seismotectonic zones and demonstrate two models for linear 

and regional seismic sources (Karimiparidari, 2008; see section 5-3-2). Following the 

removal of foreshocks and aftershocks, magnitude of completeness of each seismotectonic 

zone was established for the entire time span of the catalog. A comparison study also 

performed on available strong motion attenuation relations to select models and weight them 

in the logic tree. Finally, seismicity parameters were calculated and the probabilistic source-

based approach established by Cornell in 1968 was followed by different branches defined in 

logic tree and the new probabilistic hazard map of Iran for a 475 years return period was 

developed. 

Seismicity Parameters of Seismic Sources: 

In order to calculate seismicity parameters, earthquakes related to each seismic source were 

determined individually. After declustering dependent events using the modified Gardner and 

Knopoff's (1974) space-time window (by Karimiparidari et al., 2016; see section 2-3-4), 

completeness threshold of the catalog for each seismic source was determined. In order to 

determine completeness threshold of the catalog, MAXC method (Wyss et al., 1999; Wiemer 

and Wyss, 2000) was applied using ZMAP software (Wiemer, 2001). In this method, 

maximum value of the first derivative of the magnitude-frequency curve is calculated which 

is coincident to the magnitude of maximum frequency of events in non-cumulative 
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magnitude-frequency FDM distribution. The 475 years return period was determined using 

Gutenberg- Richter model. 

Seismicity parameters related to 27 seismotectonic zones were calculated to use in 

seismic hazard analysis. Events with magnitude of 3.5-7.9 were considered. Information of 

seismic catalog (time span, total number of events, number of independent events, percentage 

of removed events, magnitude of completeness (MW) after 1900) and seismicity parameters 

(λ, b-value, β, observed Mmax, date of observed Mmax, estimated Mmax and final Mmax) 

calculated for each seismotectonic zone are presented in the Table 5-5. It is notable that the 

value of λ was normalized to the time span of catalog but not to the area of zones. Minimum 

and maximum of the final Mmax in Shahr-e-Babak and Makran boundary were proposed 

5.9±0.4 and 8±0.1 respectively. 

As expected, seismic sources are sometimes defined in some regions where there are not 

enough earthquakes to calculate seismicity parameters. In such a condition, data of similar 

sources close to these sources or seismicity parameters of the related seismotectonic zones 

were used. Considering logic tree weighting, maximum magnitude of earthquake attributed to 

each source was calculated by averaging between maximum calculated magnitude based on 

the last edition developed method by Kijko and Sellevoll (1989 and 1992), maximum 

observed magnitude and calculated magnitude obtained from magnitude-fault length 

experimental relation (Figure 5-13).  

 

 

Fig. 5-13. Logic tree showing different uncertainties 
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Table. 5-4. Specifications of seismic catalog, completeness of magnitude and seismic parameters of 

27 seismotectonic zones 
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Results of Seismic Hazard Analysis for Iran 

Seismic hazard of Iran was mapped for a 475 years return period based on seismic sources 

and specific seismicity parameters using CRISIS2007 software. In this software, seismic 

sources were defined as the regional and linear sources, maximum acceleration at period 0 

was calculated and attenuation relations were defined in appropriate distances. In addition, a 

grid with 0.2*0.2 square kilometers cells was applied as the best result.  

Six relations by Akkar and Boomer (2010), Zafarani and Soghrat (2012), Ghasemi et al. 

(2009), Akkar and Cagnan (2010), Ambraseys (2005) and Boore and Atkinson (2008) were 

used which had the best coincidence to the Iranian data. Moreover, both seismic sources and 

background seismicity were considered. In this regard, for each seismotectonic zone, very 

lower level of its seismicity was considered as the background seismicity. Frequency of 

earthquakes was attributed to each zone using the ratio of the uncovered area by sources to 

the total area of zone. Finally, seismic hazard map of Iran for a 475 years return period was 

produced using Kriging interpolate method and weighted average of the results of all six 

attenuation relations (Figure 5-14). Maximum acceleration was calculated 0.5g. 
 

 
Fig. 5-14. Seismic hazard map of Iran for 475 years return period calculated averaging two models of 

seismic sources and six attenuation relations. 
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The results of this study were compared to other studies such as Iranian research center of 

urban Planning and architecture (1997), GSHAP (1999), Iranian code of practice for seismic 

resistant design of buildings (Standard No. 2800) (2005) and Hamzehloo et al. (2012) for 

some important and earthquake-prone cities of Iran (Table 5-5). In this study, maximum 

acceleration was calculated 0.5g, while it was calculated 0.5g, 0.45g, 0.35g, 0.46g in the 

studies by Iranian research center of urban Planning and architecture (1997), GSHAP (1999), 

Standard No. 2800 (2005) and Hamzehloo et al. (2012) respectively. The city of Ghaen in the 

current study, Standard No. 2800 (2005) and GSHAP (1999) has the highest hazard level but 

stands on the second level in studies by Iranian research center of urban Planning and 

architecture (1997) and Hamzehloo et al. (2012). In the all seismic hazard maps, the city of 

Tabriz has the highest acceleration. In this study, the acceleration of Tehran was calculated 

0.36-0.4g for 475 years return period which is more than calculated acceleration by Iranian 

research center of urban Planning and architecture (1997) and Standard No. 2800 (2005), less 

than calculated acceleration by GSHAP (1999) and close to the calculated acceleration by 

Hamzehloo et al. (2012). 

 

Table. 5-5. comparing calculated acceleration of this study to other studies such as Iranian research 

center of urban Planning and architecture (1997), GSHAP (1999), Standard No. 2800 (2005) and 

Hamzehloo et al. (2012) for some important earthquake-prone cities of Iran. 

 

Acceleration (g) 

Name of 

City 
This Study 

Hamzehloo 

et al. (2012) 

Standard No. 

2800 (2005) 

GSHAP 

(1999) 

Iranian research center 

of urban Planning and 

architecture (1997) 

0.36-0.4 0.36-0.46 0.35 0.45 0.2-0.3 Tehran 

0.46-0.5 0.46 < 0.35 0.45 0.5 < Tabriz 

0.16-0.35 0.36-0.46 0.3 0.35 0.15-0.2 Mashahd 

0.41-0.45 0.36-0.46 0.3 0.4 0.2-0.3 Shiraz 

0.46-0.5 0.36-0.46 0.35 0.45 0.3-0.4 Ghaen 

0.36-0.4 0.36-0.46 0.3 0.4 0.2-0.3 Kerman 
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5-5.2. Seismic hazard and risk assessment in Tehran 

* Source Article: Zaré M., Kamranzad F, Ostad-Taghizadeh A., (2016), "Risk Assessment of 

Multiple Natural Hazards in Tehran", Submitted. 

Tehran as the Capital and the most populated city in Iran is located in the "Alborz" 

seismotectonic region. Active tectonic conditions, potentially seismic faults, experience of 

historic destructive earthquakes as well as a large population in this earthquake-prone area 

have necessitate to perform more studies in order to analyze the seismic hazards and risks of 

the city. In this research, the seismic hazard map of Tehran is firstly prepared. The map is 

then combined with the distribution of non-resistant structures as the vulnerability factor and 

the population density as the exposure term to derive a seismic risk map for Tehran. 

Tectonically, Tehran is in an active region with shortening velocity of about 8 ± 2mm/yr 

at the longitude of Tehran (Vernant et al., 2004). The active tectonic condition has caused 

Tehran to be surrounded by many active faults including the North Tehran, Mosha, North 

Rey, South Rey, Kahrizak, and Eivanekey faults. Based on existing evidences, the area of 

Tehran and its vicinity have been destroyed completely several times by severe earthquakes 

with magnitude greater than 7 (Table 5-6). 

In this study, a new seismic hazard analysis for Tehran is performed and the results are 

presented in the form of two maps: (i): a peak ground acceleration (PGA) zoning map with 

475 years return period that is calculated using the probabilistic seismic hazard analysis. This 

map shows probable surface PGA by consideration of site effects. (ii): a surface fault rupture 

hazard map which shows the surface fault rupture width for the seismic sources in Tehran. 

Table. 5-6. Significant earthquakes (7≤M) around Tehran (Ambraseys and Melville, 1982). 

Date Lat. N Lon. E Magnitude Region 

     4th BC 35.5 51.8 7.6 Rey 
743 35.3 52.2 7.2 Rey 
855 35.6 51.5 7.1 Rey 
958/02/23 36 51.1 7.7 Rey - Taleghan 
1177/05 35.7 50.7 7.2 Rey - Buin Zahra 
1384 35.3 52.2 ~ 7 Rey 
1608/04/20 36.4 50.5 7.6 Taleghan 
1830/03/27 35.7 52.5 7.1 Damavand 
1962/09/01 35.63 49.87 7.1 Buin Zahra 
1990/06/21 37.07 49.28 7.4 Manjil 
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PGA map with 475 years return period for surface deposits 

To develop a new seismic hazard map of the metropolitan Tehran, the probabilistic approach 

(Cornell, 1968) which is the most popular method, is applied to estimate the PGA for the 

Tehran region. “The assessment of values of input parameters (Mmax, distance to the seismic 

source and the site conditions) and the selection of the attenuation models to evaluate the 

seismic hazard parameters contains different amounts of uncertainties” (Zare, 2006). As the 

first step of the PSHA study, the historical and instrumental earthquake data and tectonic 

settings within 150 km radius of the central Tehran was considered. 

The fault map introduced by Hessami et al, (2003) and the EMME declustered 

earthquake catalog (Zare et al., 2014) were used. Since the geometry of the faults is not 

precisely clear, it is useful to consider the seismic sources as area sources. Seismic area 

sources are usually determined based on the seismicity and the accumulation of past 

earthquakes, the fault rupture width maps and their trends, correspondence of the selected 

zones or their boundaries with the topography and geophysical aeromagnetic maps. Keeping 

in mind these points, nine seismic area sources are identified around Tehran (Fig. 5-15). 

Seismic sources were then modeled and recurrence relationship was established. For this 

purpose, the method proposed by Kijko and Sellevoll (1992) was employed which considers 

uncertainty in magnitude and incomplete earthquake catalogue to estimate seismicity 

parameters from incomplete data. In this way, for each area source, seismicity parameters 

including b-value of the Gutenberg-Richter relation, annual mean occurrence rate (λ), and 

maximum possible magnitude, (Mmax) were evaluated (Table 5-7). It should be noticed that 

the Mmax is estimated based on the maximum observed historical/instrumental earthquake and 

the assessment of maximum probable earthquake for a seismic source using empirical 

relationships between the magnitude and fault length. In this study, two empirical 

relationships were used to calculate the probable Mmax of each area source as the follows: 

      Mw= 0.91 ln LR + 3.66     (Zare, 1999)                                            (5-3) 

      Mw= 5.08 + 1.16 log LR    (Wells & Coppersmith, 1994)               (5-4) 

where LR is the rupture length and equals to 37% of the fault length based on the records of 

the Iranian fault ruptures (Zare, 1999).  
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Fig. 5-15. Seismic area sources for PSHA study in Tehran 

 

Table. 5-7. Seismicity parameters of the selected seismic area sources. 

Zone 
Lfmax 

(km) 

LR 

(km) 
Mmin 

Mmax 
Selected 

Mmax 
β λMmin 

Observed 
Zare 

(1999) 

Wells & 

Coppersmith 

(1994) 

1    >150 55.5 4.5 7.4 7.3 7.1 7.4 2.06 0.22 
2    120 44.4 4.5 7.6 7.1 7.0 7.6 2.07 0.07 
3    200 74 4.5 7.7 7.6 7.2 7.7 2.15 0.12 
4    110 40.7 4.5 7.2 7.0 6.9 7.2 2.12 0.19 
5    80 29.6 4.5 7.5 6.7 6.8 7.5 2.14 0.11 
6    165 61.05 4.5 5.4 7.4 7.2 7.4 2.22 0.14 
7    90 33.3 4.5 6.4 6.9 6.8 6.9 2.33 0.11 
8    72 26.64 4.5 7.1 6.6 6.7 7.1 2.22 0.14 
9    113 41.81 4.5 6.2 7.1 7.0 7.1 2.32 0.14 

 

Then, five attenuation relations which are consistent with the condition of the study area 

are used. This relations have been defined by Zare (1999), Zare and Sabzali (2006), 

Ambraseys et al (2005), Boore and Atinkson (2008), Akkar and Bommer (2010). 

The aim is to perform PSHA and derive two PGA maps for bedrock and surface levels. 

In order to calculate the surface PGA, soil effect should be taken into account. The site 

conditions are classified mostly based on the seismic codes in 4 orders of site conditions. 

Here, V30 map in Tehran introduced by Gholipoor et al (2008) was used to consider the site 

effect. The area of interest has been divided by 0.01° intervals generating 1657 grid points. 

Finally, two PSHA maps (basement and surface) with 475 years return period were prepared 

for Tehran (Fig. 5-16). 
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(a) 

 

(b) 

Fig. 5-16. Hazard map of Tehran for 475 years return period in terms of PGA on (a): rock basement 

and (b): on surface soil. 

The first seismic hazard map is produced using PGA evaluation on the bedrock of 

Tehran. This map shows a maximum PGA of 0.45-0.5g in the northern and southern parts of 

Tehran where are near the Mosha, North Tehran and Rey-Kahrizak faults. The second 

seismic hazard map is produced using PGA evaluation on surface above soil deposits of 

Tehran considering the average shear wave velocity in 30 meter depth of the surface (V30) 

map. The surface hazard map shows a maximum PGA of 0.7g in the southern regions of 

Tehran. Comparing the two hazard maps on bedrock and surface confirms that the thick soil 

deposits in different parts of Tehran are able to amplify ground motions during an 

earthquake. Therefore, central and southern areas of the city are assigned as the highest 

hazardous zones which are exposed to amplified strong motions due to large earthquakes. 

Fault Rupture Hazard Map 

Beside evaluation of earthquake hazard in terms of maximum probable acceleration maps, 

probable surface fault rupture zones are subjected to a specific attentions. Severe 

displacements in a rupture zone due to the near field/near fault effects can lead to large 

damages to structures and may cause secondary hazardous phenomena such as induced 

landslides. Consequently, areas located in a probable rupture zones should be determined as 

hazardous zones in hazard/ risk assessments. In this regard, the faults within and near Tehran 

were considered and classified into three group: Major, Medium and Minor Faults. Major 

faults are those that have length of more 20 km and are the North Tehran, Sorkh Hesar- 
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Tarasht, Eivanekey-Rey and Kahrizak-Pishva fault zones. Mediums and Minors have 5-15 

and less than 5 km length, respectively. 

On the basis of reliable datasets corresponding to 23 seismic faults of the Iranian Plateau, 

Zare (2001) showed that the surface rupture width best fits with the rupture length as the 

following empirical regression:  

                                                � = 10���	��� !� 	± σ      (Zare, 2001)                            (5-5) 

where LR is the rupture length and the coefficient a= -0.45, b= 0.48 with standard deviation of 

σ=0.7. In this research, the surface rupture width of each group is estimated according to the 

above formula (Table 5-8). Fig. 5-17 shows the rupture width zones map which is considered 

as a hazard map for the seismic hazard assessment in the study area. Finally the two obtained 

maps in terms of the surface maximum probable acceleration as well as the surface rupture 

width are the results for earthquake hazard assessment in Tehran. 
 

Table. 5-8. Surface rupture width of the faults within Tehran 

Fault Zones 
Length 

(km) 

Surface Rupture 

Length (Km) 

(Zare, 1994) 

Mw 

(Zare, 

1999) 

Surface Rupture 

Width (km) 

(Zare, 2001) 

Major 
Faults 

North Tehran 130 48.1 7.2 3.0 
Sorkh Hesar- Tarasht 50 18.5 6.3 2.1 
Eivanekey-Rey 100 37.0 6.9 2.7 
Kahrizak-Pishva 75 27.7 6.7 2.5 

Medium Faults 5-15 3.70 4.9 1.4 

Minor Faults <5 0.92 3.5 1.0 

 

 

Fig. 5-17. Fault rupture width zones in the city of Tehran. 
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Earthquake Risk Map 

The purpose of risk mapping is usually to prepare useful informative tools in order to assess 

disaster preparedness and to increase resiliency and safety of a society. Risk is defined as the 

multiplication of three factors as below: 

                                             Risk = Hazard * Vulnerability * Exposure                           (5-6)        

in which hazard is calculated using probability and intensity of a disaster. vulnerability can be 

described in terms of technical-physical, organizational, Psycho-social and economic 

vulnerabilities and exposure is the number or amount of the target society who are considered 

as elements at risk such as population of a city. 

Until preparing this study, there was no homogenous accurate data about the 

organizational, Psycho-social and economic vulnerabilities and physical vulnerability of 

structures in Tehran. Thus, in order to map the risk, the seismic hazard map is combined with 

the distribution of non-resistant structures (Fig. 5-18) as the vulnerability factor and the 

population density (Fig. 5-19) as the exposure term. Finally, the seismic risk map of Tehran is 

prepared (Fig. 5-20). This map shows that the central and southern regions of Tehran are in a 

higher risk of multiple hazards than other regions. Moreover, looking at the Figs. 5-18 and 5-

19 reveals that most of the non-resistant and densely populated areas are located on the 

central and southern Tehran, intensifying the risk of natural disasters.  

 

 

Fig. 5-18. Distribution of non-resistant structures 

in Tehran 

 

Fig. 5-19. Population density in Tehran 
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Fig. 5-20. Seismic risk Map of Tehran 

Discussion 

It is notable that in this study, only in-situ risks have been considered, meaning that other 

secondary risks and aftermaths such as post-earthquake conflagration, safety issues, problems 

of population displacement after great disasters, far distances to hospitals and emergency 

rescue services and so on were not considered. 

Keeping in mind the inevitable application of data with different accuracy and 

resolutions (e.g. earthquake catalogs, fault maps, rupture relationships, landslide data, DEM 

map, rain, geology and site conditions, river flows, subsidence, exposure, vulnerabilities and 

so on), the inhomogeneous can be assigned as an uncertainty source which may affect the 

results. 

In order to improve risk assessments of multiple natural hazards in Tehran, the following 

points are proposed for further studies: 

• Data, qualitative/quantitative assessment methods and vulnerability factors should be 

continuously reviewed and updated. 

• By improving data, it should be tried to prepare online risk maps which monitors and 

evaluates hazard status, rescue facilities and exposures at any moment. 

• In aspect of disaster management, it is useful to approve several specific action plans 

for some critical probable scenarios of disasters. 

 

 



Chapter 5: Seismic Hazard Analysis 
 

 169 
 

5-6.   Seismic Hazard Zoning in Some Parts of Asia 

5-6.1. Assessment of seismic hazard in the Middle East and Caucasus: EMME 

(Earthquake Model of Middle-East) project 

* Source Article: Erdik M., Şeşetyan K., Demircioğlu M.B., Tüzün C., Giardini D., Gülen L., 

Akkar D.S. and Zaré M., (2015), "Assessment of Seismic Hazard in the Middle East and 

Caucasus: EMME (Earthquake Model of Middle East) Project", 15th World Conferences on 

Earthquake Engineering (WCEE) 

In this section, I present the EMME hazard model, an analysis taken from the published 

article by Erdik et al. (2015). The study on the EMME catalog was performed by Zaré et al 

(2014) “to establish the new catalog of seismicity for the Middle East, using all historical 

(pre-1900), early and modern instrumental events up to 2006. According to different 

seismicity, which depends on geophysical, geological, tectonic, and seismicity data, this 

region was subdivided to nine subregions, consisting of Alborz–Azerbaijan, Afghanistan–

Pakistan, Saudi Arabia, Caucasus, Central Iran, Kopeh–Dagh, Makran, Zagros, and Turkey 

(Eastern Anatolia; after 30° E)” (Zaré et al., 2014). In this regard, a new uniform catalog of 

earthquakes in the Middle East region in terms of moment magnitude (Mw) was developed in 

order to prepare a reliable and most complete collection of available information of 

seismicity in this region. In addition, some of the seismicity information, i.e., number of 

events, range of magnitudes, and magnitude completeness (Mc) and seismicity depths of this 

region were also determined (for more details, see section 2-3-1). 

According to Erdik et al. (2015), “Active faults are the places where earthquakes occur, so 

the delineation of the active fault zones and the parameterization of their characteristics is 

the first step in seismic hazard assessment. A digital active tectonic map of the Middle East 

region was generated in ArcGIS format. A total of 3,397 active fault sections were defined 

and faults with a total length of 91,551 km were parameterized for the EMME Project (Fig. 

5-21). The areal source zonation model developed for the EMME region is presented in Fig. 

5-22.  
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Fig. 5-21. Active fault map of the EMME Project region. 

 

 

Fig. 5-22. The seismic source zonation map of the EMME region. 

 

Table 5-9 lists the ground-motion models selected for GMPE logic tree for the EMME 

project and Fig. 5-23 shows the hazard maps for selected return periods for the median 

(from the logic tree) of PGA (), PGV, PGD and spectral ordinates at a reference bedrock 

level. 
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Table. 5-9. GMPE logic-tree in EMME (bold numbers denote suggested logic-tree weights). 

GMPEs for SACRs  GMPEs for SRs 

Akkar and Bommer (2010) 0.25  Boore and Atkinson (2003) 0.20 

Akkar and Cagnan (2010) 0.25  Lin and Lee (2008) 0.20 

Chiou and Youngs (2008) 0.25  Youngs et al. (1997) 0.20 

Zhao et al. (2006) 0.25  Zhao et al. (2006) 0.40  

 

 

 

Fig. 5-23. The seismic hazard map of the Middle East displays the ground shaking (i.e. Peak 

Horizontal Ground Acceleration, PGA) to be reached or exceeded with a 10% probability in 50 years. 

This reference value represents the shaking to be expected during the human lifetime, corresponding 

to the averages recurrence of such ground motion every 475 years, as prescribed by the national 

building codes for standard building in the Middle Eastern countries. Blue to green colors depict 

comparatively low hazard (PGA ≤ 10%g of the gravitational acceleration), yellow to orange colors 

moderate hazard (10% < PGA ≤ 30%g) and red to brown colors identify high hazard areas 

(PGA>30%g). 
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5-6.2. Estimation of the maximum credible hazard in Kuala Lumpur and Singapore due 

to gigantic Sumatran mega thrust earthquakes: based on a comparative study on 

attenuation laws  

* Source Article: Vaez Shoushtari A., Azlan B.A and Zaré M, Harith NSH, (2015), 

"Estimation of the maximum credible hazard in Kuala Lumpur and Singapore due to gigantic 

Sumatran megathrust earthquakes: based on a comparative study on attenuation laws", 

Natural Hazards, Vol.78, pp. 725-751, doi: 10.1007/s11069-015-1742-6. 

In this section, I present a comparative study on attenuation laws for estimation of the 

maximum credible hazard in Kuala Lumpur and Singapore, an analysis taken from the 

published article by Vaez Shoushtari et al. (2015). In this paper, nine attenuation laws 

(including Nabilah and Balendra 2012; Zhao et al. 2006; Fukushima and Tanaka 1992; 

Petersen et al. 2004; Adnan et al. 2005; Megawati and Pan 2010; Atkinson and Boore 2003; 

Lin and Lee 2008 and Skarlatoudis et al. 2013) for subduction interface earthquakes in 

Sumatra as well as other regions with different limitations in the moment magnitude and 

source-to-site distance range were classified using PGAs recorded in Peninsular Malaysia and 

Singapore to identify which were the most compatible with the region.  

In this study, only the peak ground accelerations of events recorded in Peninsular 

Malaysia and Singapore were collected and the attenuation law proposed by Zhao et al. 

(2006) was the most compatible spectral attenuation relationship with the region. Thus, in 

order to estimate the maximum credible hazard in Kuala Lumpur and Singapore, the 

predicted acceleration response spectra (geometric mean of two horizontal components—µ) 

due to the three worst possible earthquake scenarios were calculated based on the spectral 

attenuation law for three soil site classes (NEHRP site classes A, B, and C) for both cities. 

The results are shown in Figs. 5-24 and 5-25. 

British Standard building design code (BS) 8110 (BS 8110-1:1997), being used in 

Peninsular Malaysia and Singapore, does not account for seismic loads. However, to ensure 

structural robustness, the design code does require that all buildings should be capable of 

resisting a notional ultimate horizontal design load that is equal to 1.5 % of the characteristic 

dead weight of the structure and applied at each floor level simultaneously. The design wind 

load should not be less than this value. Given the moderate design wind speed of about 30 

m/s in Singapore (Megawati et al. 2005) and Kuala Lumpur, the notional horizontal load is 

generally greater than the wind loading for most medium-rise buildings. As a result, the 
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minimum design level of buildings across the entire natural period range is a constant at 1.5 

% g (̴ 0.15 m/s2) (Megawati and Pan 2010). This lateral design load is shown as a horizontal 

solid line in Figs. 5-24 and 5-25. 

 

 

Fig. 5-24. Acceleration response spectra (µ—5 % damping ratio) in Kuala Lumpur on three soil site 

classes: a NEHRP site class A, b NEHRP site class B, and c NEHRP site class C, resulting from the 

three worst possible earthquake scenarios using Zhao et al. (2006) spectral attenuation law 

 

 

Fig. 5-25. Acceleration response spectra (µ—5 % damping ratio) in Singapore on three soil site 

classes: a NEHRP site class A, b NEHRP site class B, and c NEHRP site class C, resulting from the 

three worst possible earthquake scenarios using Zhao et al. (2006) spectral attenuation law 
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Fig. 5-24 shows that the design level of buildings in Kuala Lumpur with the entire 

natural period range located on hard rock sites (NEHRP site class A) was higher than the 

demand spectra caused by all the three worst possible earthquake scenarios. Fig. 5-24 shows 

that the risk level for typical buildings in Kuala Lumpur with natural periods ranging from 

0.5 to 1.5 s on rock sites (NEHRP site class B) is low as the demand spectrum due to the 

worst possible earthquake scenario with MW 9.5 and an estimated epicentral distance of 657 

km is larger than the design level with a maximum value of 0.187 m/s2 at Tn=1s, 

corresponding to buildings with ten stories. Fig. 5-24 also shows that the risk level for 

buildings in Kuala Lumpur located on hard soil sites (NEHRP site class C) with the periods 

ranging from 0.5 to 2 s and subjected to the same earthquake scenario was relatively high as 

the demand spectrum was higher than the design level of the buildings. For instance, the 

response spectral acceleration values based on the demand spectrum for buildings with 

natural periods of one and one and half seconds (Tn= 1 and 1.5 s), corresponding to buildings 

with 10 and 15 stories, as are commonly found in Kuala Lumpur, were about 0.27 and 0.20 

m/s2 which means that they are 1.8 and 1.33 times larger than their 0.15 m/s2 design level. 

Fig. 5-25 shows higher values than Fig. 5-24 as the epicenters of the worst possible 

earthquake scenarios were closer to Singapore than to Kuala Lumpur. It is understood from 

Fig. 5-25 that the risk level for typical buildings in Singapore with natural periods ranging 

from 0.5 to 1.5 s on hard rock sites (NEHRP site class A) is very low as the demand spectrum 

due to the third worst possible earthquake scenario with MW 9.5 and an epicentral distance of 

600 km away from the city is larger than the design level with a maximum value of 0.17 m/s2 

at Tn=1 s, corresponding to 10-story buildings. Fig. 5-25 shows that although there is no risk 

to Singapore structures with Tn=1 s, located on NEHRP class B sites exposed to the first and 

second worst possible earthquake scenarios, the structures built on the same soil sites would 

be at risk during the third worst possible earthquake scenario as the demand spectrum based 

on Zhao et al. (2006) spectral attenuation relation is remarkably higher than the capacity of 

these structures. In Fig. 5-25, from the demand spectrum due to the same worst possible 

earthquake scenario (MW 9.5—Repi 600 km), it is shown that the risk level for buildings in 

Singapore located on hard soil sites (NEHRP site class C) with natural periods ranging from 

0.5 to 2 s is very high as the demand is higher than the design level of the buildings. For 

example, at Tn= 1 and 1.5 s which corresponds to 10- and 15-story buildings that are 

frequently constructed in Singapore, the response spectrum acceleration values are about 0.33 

and 0.25 m/s2, which are about 120 and 67 % larger than the approved value of 1.5 % g. Fig. 
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5-25 shows that any future earthquakes similar to the first and second worst possible 

earthquake scenarios identified by Megawati and Pan (2002) and Balendra et al. (2002) 

would be able to put the buildings in Singapore with natural periods ranging from 0.5 to 1.25 

s built on NEHRP class C sites at risk, as the demand spectrum values due to such 

earthquakes exceed their design level. As shown in Figs. 5-24 and 5-25, the peaks of the 

spectral acceleration based on Zhao et al. (2006) spectral attenuation law for distant gigantic 

Sumatran megathrust earthquakes (Repi ̴ 600–712 km) have been occurred between 0.8 and 1s. 

In this study, the normalized acceleration response spectra of all the three worst possible 

earthquake scenarios, on hard soil sites (NEHRP site class C) in Kuala Lumpur and 

Singapore, using the most compatible spectral attenuation law with the Peninsular Malaysia 

and Singapore region [i.e., Zhao et al. (2006) spectral relation], were compared to IBC 2012 

(International Code Council 2011) and Eurocode 8 (BS EN 1998-1:2004) (type 2) design 

spectra. The normalized design spectra from IBC 2012 and EC8 (type 2) and the normalized 

acceleration response spectra due to the three worst possible earthquake scenarios are plotted 

together in Fig. 5-26. 

 

Fig. 5-26. Normalized acceleration response spectra from IBC 2012 and Eurocode 8 (Type 2) on 

NEHRP soil site class C and the three gigantic Sumatran megathrust earthquakes using Zhao et al. 

(2006) spectral attenuation law in a Kuala Lumpur and b Singapore 
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5-6.3. A case study of seismic hazard analysis at al-Tajiat and al-Zawraa stadiums in 

Baghdad/Iraq region 

* Source Article: Norouzi N., Mojarab M,  Asadi Z and  Zaré M, (2014), "A Case Study of 

Seismic Hazard Analysis at Al-Tajiat and Al-Zawraa Stadiums in Baghdad/Iraq Region", 

Arabian Journal for Science and Engineering, Vol. 40, Issue 7, pp. 1987–2002, doi: 

10.1007/s13369-014-1559-8. 

In this section, I present a case study of seismic hazard analysis at al-Tajiat and al-Zawraa 

stadiums in Baghdad/Iraq region, an analysis taken from the published article by Nourouzi et 

al. (2014).  

Seismic Sources: 

By means of all available geological, tectonic, and seismic data, five area seismic sources 

were identified (Fig. 5-27). Delineations of the source boundaries, especially for seismic 

source A1, were chosen based on the topography of the region. The seismic source A1 is 

placed in the Zagros continental collision zone, which is one of the youngest and most active 

tectonic regions on Earth.  

 

Fig. 5-27. Showing the seismic sources map 

Seismicity Parameters: 
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A key issue in the seismic hazard analysis is the estimation of the seismicity parameters. The 

main parameters include the rate of occurrence (λ), the b (β )-value (slope of the Gutenberg–

Richter magnitude–frequency curve; Gutenberg and Richter, 1956), and the maximum 

probable magnitude (Mmax). In this study, the seismicity parameters were calculated by 

Matlab code using the latest extension of the procedure developed by Kijko and Sellevoll 

(1992). 

The knowledge of the largest magnitude which may occur within a potential seismic 

source is of practical importance. The current study uses two main approaches to estimate 

Mmax. The first approach was based on the observed earthquakes occurred in each seismic 

source assuming that major earthquakes happen preferentially near the sites of previous 

events. The second approach was based on a study done by Kijko and Sellevoll (1992) to 

estimate Mmax in Kijko program. Practically, in order to select the assigned Mmax for each 

seismic source, the maximum value of the obtained data was considered (Table 5-10). 

 

Table. 5-10. Seismicity parameters of seismic sources 

Area 
source 
  

Mmin 
  

λ 

  
β 

  
M observed Kijko program Final M 

  
 Mw Date Mmax 

A1 4.1 4.73 1.24 7 1008 6.8 7 
A2 4.8 1.9 3.15 6.5 1226/11/18 6 6.5 
A3 4.8 0.36 2.9 6.6 1179/4/29 6.1 6.6 
A4 4.8 1.09 2.78 6.8 1130/2/27 6.4 6.8 
A5 4.8 0.33 1.66 6.1 1457 5.2 6.1 
         

Seismic Hazard Analysis in Iraq: 

According to the results of PSHA, differences between the two mentioned sites can be 

neglected. Therefore, the results obtained from seismic analysis of both sites are shown in 

Tables 5-11 and 5-12. The result of seismic hazard assessment based on DSHA method is 

shown in Table 5-13. As is obvious, the controlling source is A5. 

 

Table. 5-11. Horizontal PGA value based on different attenuation relationships in PSHA method 

Return 
period 

Abrahamson 
and Silva (2008) 

Boore and 
Atkinson (2008) 

Campbell and 
Bozorgnia (2008) 

Chiou and 
Youngs (2008) 

Zare et al. 
(1999) 

Mean 

       75 0.06 0.06 0.04 0.05 0.04 0.06 
475 0.12 0.09 0.08 0.17 0.06 0.12 
2,475 0.19 0.14 0.13 0.29 0.09 0.21 
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Table. 5-12. Vertical PGA value based on different attenuation relationships in PSHA method 

Return 
period 

Campbell and 
Bozorgnia (2003) 

Zare et al. 
(1999) 

Mean 

    75 0.04 0.03 0.03 

475 0.08 0.05 0.07 

2,475 0.12 0.08 0.10 

 

Table. 5-13. Horizontal and vertical PGA value based on DSHA method 

Return 
period 

Mw PGAH PGAV 

    A5 6.1 0.31 0.16 

A2 6.5 0.13 0.07 

A1 7.0 0.04 0.01 

A3 6.6 0.03 0.01 

A4 6.8 0.03 0.01 

 

 

Main articles of this chapter: 

Mojarab M., Memarian H., Zaré M, Morshedy A.H., Pishahang M.H.,  (2014), "Modeling of 

the seismotectonic provinces of Iran using the self-organizing map algorithm", 

Computers & Geosciences, Vol. 67, pp. 150–162, doi: 10.1016/j.cageo.2013.12.007. 

Karimiparidari S., Zaré M. and Memarian H., (2008), "New seismotectonic zoning map of 

Iran", 6th International Conference on Seismology and Earthquake Engineering 

(SEE6), Tehran, Iran. 

Alipoor R., Zaré M. and Ghasemi M.R., (2012), "Inception of activity and slip rate on the 

Main Recent Fault of Zagros Mountains, Iran", Geomorphology, Vol. 175–176, pp. 86–

97, doi: 10.1016/j.geomorph.2012.06.025. 

Esmaeili, B. M. Almasian, M. Zaré, R. Alipoor, A. Alizadeh, (2014), "Geophysical and 

geological study on the West Qarchak fault and its implications in seismic hazard, 

Tehran, Northern Iran", Episodes, Vol. 37, no. 2, pp 105-110. 



Chapter 5: Seismic Hazard Analysis 
 

 179 
 

Salamat M., Zaré M., Holschneider M. and Zöller G., (2016), "Calculation of confidence 

intervals for the maximum magnitude of earthquakes in different seismotectonic zones 

of Iran", Pure and Applied Geophysics, pp 1–15, doi:10.1007/s00024-016-1418-5. 

Asadi Z. and Zaré M, (2014), "Estimating magnitudes of prehistoric earthquakes and seismic 

capability of fault from landslide data in Noor valley (central Alborz, Iran)", Natural 

Hazard, Vol. 74, Issue 2, pp. 445–461, doi: 10.1007/s11069-014-1186-4. 

Ommi S., Zafarani H, and Zaré M., (2016), "Aftershock Decay Rates in the Iranian Plateau", 

Pure and Applied Geophysics, Vol. 173, Issue 7, pp. 2305–2324, doi: 10.1007/s00024-

016-1285-0. 

Zaré M., Karimiparidari S., Memarian H., (2015) "Seismic Hazard Analysis in Iran (475 

Years Return Period)", Submitted. 

Zaré M., (2015), "Seismic Hazard Zoning in Iran: A State-of-the-Art on the Studies During 

Four Decades", Submitted. 

Zaré M., Kamranzad F, Ostad-Taghizadeh A., (2016), "Risk Assessment of Multiple Natural 

Hazards in Tehran", Submitted. 

Erdik M., Şeşetyan K., Demircioğlu M.B., Tüzün C., Giardini D., Gülen L., Akkar D.S. and 

Zaré M., (2015), "Assessment of Seismic Hazard in the Middle East and Caucasus: 

EMME (Earthquake Model of Middle East) Project", 15th World Conferences on 

Earthquake Engineering (WCEE) 

Vaez Shoushtari A., Azlan B.A and Zaré M, Harith NSH, (2015), "Estimation of the 

maximum credible hazard in Kuala Lumpur and Singapore due to gigantic Sumatran 

megathrust earthquakes: based on a comparative study on attenuation laws", Natural 

Hazards, Vol.78, pp. 725-751, doi: 10.1007/s11069-015-1742-6. 

Norouzi N., Mojarab M,  Asadi Z and  Zaré M, (2014), "A Case Study of Seismic Hazard 

Analysis at Al-Tajiat and Al-Zawraa Stadiums in Baghdad/Iraq Region", Arabian 

Journal for Science and Engineering, Vol. 40, Issue 7, pp. 1987–2002, doi: 

10.1007/s13369-014-1559-8.  

 

 



Chapter 5: Seismic Hazard Analysis 
 

 180 
 

 



 

 

 

 

Chapter 6: Lessons Learned from Earthquakes 

(Reconnaissance Studies of Earthquakes)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 6: Lessons Learned from Earthquakes (Reconnaissance Studies of Earthquakes) 
 

 182 
 

6-1.   Introduction  

Moderate to large magnitude earthquakes may lead to large damages. Field observations 

performed after many earthquakes in Iran indicate that there has been a major difference 

between the observed and the expected ground motions and intensities. A large part this 

difference about ground motions goes back to the lack of enough data or hypothesis (e.g. 

source geometry, faulting probabilities, etc...) as it was mentioned in chapters 1 and 5. In 

many cases, expected intensities are intensified by the unknown site effects such as soil 

amplifications as well as topography conditions.  

In this chapter, a combination of lessons learned from in-situ earthquakes damages and 

subsequent phenomena observed during reconnaissance studies in different earthquake-

affected areas are presented. In this regard, selected topics such as the data acquisition in 

earthquake recognitions, the analysis of recorded strong motions, the determination of 

physical damage, the near-field effects associated with directivity and fling-step, and the 

importance of these analysis in hazard zoning provide some insights into the seismic hazard 

assessment. These studies are the results of field investigations that I performed following the 

fourteen important recent earthquakes in Iran and other countries in the Middle East. The 

field studies by the author start from the 2003 Bam (Iran) earthquake, continue with the 2003 

Boumerdès-Zemmouri (Algeria), 2005 Balakot (Pakistan), 2009 Padang (Indonesia), 2009 

Southeastern Tehran (Iran), 2010 Kuh-Zar (Iran), 2011 Tohoku (Japan), 2011 Van (Turkey), 

2012 Varzeghan (Iran) twin events, 2013 Shonbeh (Iran), 2013 Saravan (Iran), 2013 

Bashagard (Iran), 2014 Mormori (Iran) earthquakes and finally ends to the 2015 Gorkha 

(Nepal) earthquake. The thesis shows a synthesis of the main observations and comparison of 

local SHA and scenarios between the different regions. 

6-2.   Earthquake intensity and damage distribution 

In Table 6-1, a summary of the visited earthquakes is shown. 
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Table 6-1. List of the visited earthquakes by the author 

No Earthquake Date Mw 
Depth 

(km) 
I0 

No. 

Death 

No. 

Injured 

1 Manjil, Iran 1990/06/21 7.3 19 X 35,000 60,000 

2 Boumerdès, Algeria 2003/05/21 6.8 12 X 2,266 10,261 

3 Bam, Iran 2003/12/26 6.5 8 IX 33,000 50,000 

4 Balakot, Pakistan 2005/10/08 7.6 15 VIII 87,000 70,000 

5 Padang, Indonesia 2009/09/30 7.6 90 VII 1,115 2,902 

6 Kuh-Zar, Iran 2010/08/27 5.7 15 VII 4 40 

7 Tohoku, Japan 2011/03/11 9.1 29 IX 15,894 6,152 

8 Van, Turkey 2011/10/23 7.1 7 VIII 644 4,412 

9 Varzeghan, Iran 2012/08/11 6.3 12 VIII+ 306 3,037 

10 Shonbeh, Iran 2013/04/09 6.3 10 VII 37 850 

11 Saravan, Iran 2013/04/16 7.7 82 VI 35 117 

12 Bashagard, Iran 2013/05/11 6.2 25 VI+ 1 - 

13 Mormori, Iran 2014/08/18 6.2 10 VII 0 250 

14 Gorkha, Nepal 2015/04/25 7.8 8 IX 8,964 21,952 

 

 

The April 25, 2015 Nepal earthquake was practically the most recent destructive event, with 

widespread damages to many buildings, infrastructures and historic monuments mostly 

within the central part of the country.  In all the visited areas, there were many low-resilient 

multi-storey masonry or concrete buildings which were fully collapsed, tilted or severely 

damaged. Most of the destructions had occurred in mountainous villages especially in 

Barpak, Laprak and Saurpani villages in Gorkha District as well as Langtang village in a 60 

kilometer distance northeast of Kathmandu. In Kathmandu, violent damages were mostly 

observed in the central and western parts of the city. Around the Dhading New Bus Park in 

Gongabu ring road northwest of Kathmandu, business and shopping centers and residential 

complexes sustained major damages (Fig. 6-1). Based on our observations, the earthquake 

intensity was estimated to be about VIII, VII and V on the EMS98 intensity scale for the 

epicentral region, Kathmandu as well as Bhaktapur and Pokhara, respectively. 
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Fig. 6-1. Sever damages to the building in the Dhading New Bus Park in Gongabu Ring Road 

northwest of Kathmandu. 

 

In 2014, Mw 6.2 earthquake happened in Mormori (Ilam) SW Iran. Based on the fields 

investigations (Zare et al., 2014), the most damages were observed in Mormori (a population 

of about 4000) and the villages of Abanar (Fig. 6-2) and Siahgel and there were also partial 

damages to historical and archaeological buildings. There were also some damages to the 

residential complexes of "Maskan‐e Mehr" (social apartments built in the last decade in Iran 

for low‐income people) in Abdanan (Fig. 6-3). The shake maps were developed for this event 

in which a maximum intensity of VII‐VIII (EMS98) are estimated for the epicenter. The 

Maximum acceleration between 100 to 200 gals are estimated for the epicenter. 

 

 

 



Chapter 6: Lessons Learned from Earthquakes (Reconnaissance Studies of Earthquakes) 
 

 185 
 

 
 

 

  
 

Fig. 6-2. Damage to the buildings in Abanar: collapse of walls, figures and object and plaster fall. 
 
 

 

 

 

 

Fig. 6-3. Fissures created in "Mehr" Apartments (Maskan‐e Mehr) in Abdanan (38km to the 

epicenter); constructed about one year ago and suffer extensive damages due to an intensity VI 

(EMS98) in the 18 Aug 2014 Mormori earthquake. 
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In 16 April 2013, Saravan earthquake of Mw 7.7 occurred in a sparsely populated area with 

about 35 km distance to the city of Gosht (Fig 6-4). The shock was felt strongly in Gosht 

(assessed VI+, 35 km southwest of epicenter), Saravan (VI, 60 km S) and Zahedan (VI, 190 

km NW) and less strongly in Masqat (IV, 650 km S) and Persian gulf Islands (IV, >700 km 

W) as well as the strong shaking felt in the high rise buildings of Dubai, Doha, Manama and 

even in Kuwait” (Zare et al., 2013). 

 

  

Fig. 6-4. The damages in the epicentral region of Gosht, Saravan Earthquake, 16 April 2013, Mw7.8 

earthquake (Photo by AFP). 

 

 

The Mw6.4 Shonbeh (Bushehr) earthquake was the next important event that happened the 

2013. In Zare et al. (2013) we show that “Most of the buildings damaged in the 2013 Mw6.4 

Shonbeh (Bushehr), Iran earthquake were adobe buildings, made of heavy material and 

constructed in the last 50 years (Fig. 6-5). The walls collapsed mostly in east-west or NNW-

SSE directions. The shock was felt strongly in Shonbeh (assessed at VII), 18 km SW of the 

epicenter; Khormoj (assessed at VI+), 22 km NE; and Bushehr (assessed at V), 86 km NW. 

The maximum recorded acceleration in this event was obtained in Khormoj (70 gals); the 

mainshock was recorded in Khormoj (the records are available at the BHRC web site: 

https://www.bhrc.ac.ir). In Bushehr (80 km NW of the epicenter), where the maximum 

acceleration was estimated at around 50 gals, there was no damage reported to a nuclear 

power plant”. 
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Fig. 6-5. Buildings damaged in the 2013 Mw6.4 Shonbeh (Bushehr), Iran earthquake 

 

On 11 August 2012, two relatively large shallow that struck Varzeghan region in NW Iran, 

causing about 306 deaths, 3037 injuries and 30000 homeless people. Following the 

earthquakes, reconnaissance team was dispatched to the area by IIEES (Zaré et al, 2012). 

According to Vasheghani Farahani and Zare, (2014), “the maximum intensity was estimated 

to be VIII+ on the EMS98 scale in Varzeghan and affected villages, VII+ in Ahar city and 

VI+ in Heris city. The intensity of the earthquake in Tabriz was V. 

Based on observations in the region, the main failure mode was the collapse of heavy 

roofs. Masonry buildings, for example in Fig. 6-6-a, b (very weak mortar), suffered very 

heavy structural damage with a damage grade (based on Grunthal, 1998) of five 

(destruction), total or near total collapse. In Baj e Baj, most of the buildings were made of 

bricks and arched wood beam roofs, adobe and low-quality masonry materials. In types of 

structure with simple stone masonry such as in Fig. 6-6-c, d, some parts of the bearing walls 

collapse of the roof and floor slabs. This kind of heavy structural damage is of damage grade 

is 4. In Heris city, a hospital was built on a hill slope one year before the 11 August 2012 

earthquakes. Although, the city was located about 20 km away from the earthquake epicenter, 

the hospital was rendered out of service. This hospital (the main health center near the 

epicentral zone) was located 73 kilometers east of Tabriz, the capital city of the east 

Azerbaijan province (Fig. 6-7- a, b). Moreover, there were some structures with large 

diagonal cracks in the walls or some cracks in the exterior wall in the twin Varzeghan 

earthquakes region. Fig. 6-7-c shows an example of these buildings that exhibited moderate 

structure damage of grade is 3. In type of structure with many vertical cracks, such as Fig. 6-

7-d, slight structural damage resulted and the damage was of grade two”. 
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Fig. 6-6. (a and b) Examples of total collapse in very weak buildings, (c and d). Examples of 

demolished buildings in Varzeghan (left-c) and Baj e Baj (right-d) (Zaré et al, 2012). 

 

 

Fig. 6-7. (a and b). Examples of Heris Hospital, (c and d). Example of diagonal cracks in walls, and of 

slight structural damage in the region, respectively (Zaré, 2012). 
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By the occurrence of the 27 August 2010 Mw 5.7 Kuh-Zar earthquake (Iran), More than 

80% of the rural houses in Iran are composed of adobe or stone masonry and are constructed 

using only local materials and unskilled labor (Maheri et al. 2005). In the Kuh-Zar region, the 

greatest intensity of damage was due to the traditional construction, very poor clay materials, 

single-story houses of weak masonry, non-reinforced adobe (Fig. 6-8-d), overloaded 

construction, and flat wooden and steel-beamed roofs (Fig. 6-8-e), a number of which were 

damaged in the earthquake (Shahvar and Zare., 2012). 

 

 

Fig. 6-8. Field photographs: a Coseismic fracture near the epicenter (Foroutan et al. 2010). b Crack 

from the 2010 Kuh-Zar earthquake (near the epicenter), cracks strike E to W. c Fissuring in Kelu 

village, 5 kilometers from the epicenter, crack strike is N70. d Typical adobe-brick house at Kelu; the 

non-load-bearing walls collapse in an earthquake first. e Collapse started in the corner, where it was 

easier to initiate instability.  
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An Mw7.6 earthquake hit the western Sumatra and Padang city on September 30th 2009. 

A reconnaissance team was dispatched to the area by IIEES. There was no ground motion 

record available to estimate the earthquake PGA or the response spectra. The damage 

observation covers building and houses, water supply network and transportation system. A 

quick survey of hospitals was also performed during the reconnaissance trip. The buildings in 

the region can be categorized mainly as masonry and RC buildings. Low quality material and 

incorrect construction methods were identified as the main reasons of damage as shown in the 

following pictures. Soft storey effect was observed in several RC buildings in the Padang 

city. Considerable damage to historical buildings was observed (Fig. 6-9). 

 

 

 

Fig. 6-9. Different examples of damages to buildings and transportation facilities 
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Following the 8 October 2005 Pakistan earthquake, a visit to the earthquake area was 

performed by the author. "The visits took place less than 3 weeks after the epicentral 

mainshock. The maximum intensity was estimated to be around Balakot and along 

Muzaffarabad fault, with a width of 10–15 km around the fault. The greatest damage was 

observed in Balakot representing complete destruction (i.e., more than 1 m dislocation of the 

concrete bridge over Balakot River; Fig. 6-10). Balakot region is as-signed intensity X 

[according to The European Macroseismic Scale (EMS-98) scale]. All buildings in this valley 

city were destroyed totally. The city of Muzaffarabad is located on a river terrace. Based on 

damages seen in Ijaz Golab military hospital, an intensity of IX on EMS-98 scale is 

estimated. The retaining walls were collapsed in some roads (Fig. 6-11). In Ijaz Golab 

hospital, the northern block fell down due to the first floor collapse (soft story), but other 

parts of the hospital show less damage. The daily life had returned to normal 18 days after 

the event when IIEES reconnaissance team visited the epicentral region. Intensity in 

Abbottabad was estimated to be VIII (EMS-98 scale) derived from a hotel col-lapse. Due to 

the observed damage of residential buildings, VIII intensity is assigned to Mansehra (Fig. 6-

12). No damage was observed on the dam and the facilities upon the inspection of Tarbela 

earth-rock fill dam. To the SW of the epicenter, the landslides were observed in the region 

between Punjab and Jammu and Kashmir (India). This region is assigned an intensity of 

about VI. While there was not as much damage in Islamabad, a Margala tower collapsed in 

the north-west of Islamabad (Fig. 6-13) because of its struc-tural engineering and also the 

type of soil (grain alluvium with clay matrix)” (Zare and Karimiparidari, 2008).  

 

 

Fig. 6-10. About 1 m displacement in the 

abutment of Balakot southern bridge due to the 

earthquake mainshock on 8 Oct. 2005 

 

Fig. 6-11. Muzaffarabad: the retaining wall 

collapse due to Balakot earthquake mainshock on 

8 Oct. 2005 
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Fig. 6-12. Destruction at Mansehra 

 

Fig. 6-13. Margala Tower collapse in Islamabad 

(Associated Press, Oct. 2005) 

 

Another destructive earthquake during last decades in Iran was the Bam (SE Iran) earthquake 

of 26 December 2003, Mw6.5 which was explained previously in Chapter 5. The 

macroseismic intensity of the earthquake is estimated to be I0=IX (in the EMS98 scale), 

where the strong motions and damaging effects seems to be attenuated very fast especially in 

the fault-normal direction. The intensity levels are estimated to be VIII in Baravat, VII in 

New-Arg (Arg-e Jadid) and the airport area. The intensity level was estimated to be around 

IV-V in Kerman and Mahan. 

In the 2009, Mw7.6, Padang, Sumatra, Indonesia, site effect might had an essential role in 

amplifying the ground shaking in the epicentral area, especially in the city of Padang. This 

idea come from the most sever damages observed to the engineered constructed building in 

this city, while the epicentral distances for this city is greater than the central part of the 

Pariaman, for example. A preliminary Vs30 map prepared by Petresen (2007) based on 

assigning a shear wave velocity to geological units. The soils in Padang city consist mainly 

from Quaternary alluvium (includes some swamps, bay and estuary mud) and have a very 

low shear wave velocity in upper 30 meters (180- 360 m/s). Regarding this range of velocity 

we can expected the ground motion amplification for the frequencies ranges from 1.5 to 4 Hz. 
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6-3.   Earthquake-induced landslides  

Earthquake-induced landslides are common events that occur after large earthquakes, moving 

medium to huge debris and blocking roads and lifelines. Based on the performed 

reconnaissance surveys by the author, large earthquake-induced landslides were observed in 

mountainous areas during the 1990 Manjil-Iran, 2005 Balakot-Pakistan, 2009 Padang-

Indonesia, 2013 Goharan-Iran and 2015 Gorkha-Nepal earthquakes some of which are 

pointed out briefly in the following.   

In Zare et al. (2008), we show that “The 2005 Balakot, Pakistan earthquake occurrence 

accompanied by landslides made a lot of dust especially in Darebagh, Muzaffarabad, and 

Balakot. Such phenomena with huge stones falling destroyed the roads in different places 

(Fig. 6-15) and blocked the traffic, leading to extreme congestion. Numerous landslides 

occurred in the meisoseismal region, and most of them were associated with the fault scarp 

where the rupture reached the surface. The landslides mostly occurred from the eastern parts 

of Darebagh to Muzaffarabad and Balakot (Fig. 6-16) which damaged or blocked roads and 

also induced some damages to the transport facilities such as tunnels, having no halter or 

cover, and bridges in the south of Muzaffarabad. Some vertical and horizontal cracks and 

fissures have been observed on the south Muzaffarabad Bridge. The bridge was barricaded, 

and the road was closed in the first days after the event. By reopening this tunnel, the 

connection between Islamabad and Muzaffarabad was resumed”. 

 

 

Fig. 6-15. Islamabad–Muzaffarabad road 

destroyed by Balakot earthquake on 8 Oct. 2005 

 

Fig. 6-16. An example of landslide south of 

Balakot along the earthquake fault rupture 
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Relief Web reported that over 1000 landslides were triggered by the 2009 Padang, 

Indonesia earthquake. Based on the reports 400-600 death of the total of more than 1200 

death caused by earthquake were killed by landslides. Three villages were completely 

demolished by landslide and many others were damaged (Fig. 6-17). Many roads were 

damaged or blocked by landslides and result in difficulties in rescue efforts. The most 

destructive landslides happened during this earthquake are concentrated in the Tandikat 

regency.  

 

Fig. 6-17. Two giant landslides happened on 

Tandikat regency along the Lembah Tiga 

valley. Upper part of the photo: Cumanak 

landslide wiped and buried the village of 

Cumanak and killed near 200-300 peoples 

gathered for a wedding ceremony. Lower 

part of the photo: a landslide adjacent to the 

Lubuk Laweh landslide cut a road. 

 

Such phenomenon was also observed as a major rock slide about 5km north of Goharan 

during 11 May 2013 Bashagard earthquake of Iran (Fig. 6-18). 

 

Fig. 6-18. A rock slide in the Goharan to Irar road, during the 11 May 2013 earthquake. 
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Following the 2015 Gorkha Nepal earthquake, many landslides, avalanches, ground 

fissures and fault ruptures happened. Based on our observations, the earthquake triggered 

some new landslides in the form of debris falls and rock slides along the intercity road from 

Kathmandu westward to Gorkha and Pokhara. At about 62 km west of Kathmandu, a 

relatively large landslide could be observed with an approximate size of 100m width * 50m 

length (Fig. 6-19). Because of the continued aftershocks occurred throughout Nepal in the 

first weeks, the country also had a continued risk of landslides. The earthquake also sparked 

an avalanche on Mount Everest and a huge avalanche in the Langtang valley, blocking 

mountain routes, killing several individuals and missing hundreds. In Pokhara city, there 

were some structure damages mostly due to earthquake-induced landslides. It is notable that 

the city of Pokhara is located aside the Phewa Lake in 207 km west of Kathmandu. Evidently, 

the Phewa lake seems to be formed by a landslide dam (possibly triggered by the 1833 or 

1934 earthquakes) (Fig. 6-20). 

 

 

Fig. 6-19. Observed debris slide with about 100m 

width and 50m length 62 km west of Kathmandu. 

 

Fig. 6-20. The Phewa Lake that seems to be 

formed by a landslide dam (possibly triggered by 

a previous earthquakes). Red arrow shows the 

direction of the probable earthquake-induced 

landslide blocking the lake. 
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6-4.   Fault ruptures, surface fissures and geotechnical features  

One of the superficial phenomenon caused by the earthquake are surface fissures anf cracks 

as well as fault rupture. In the following, some of the observed fault ruptures and surface 

fissures are pointed out briefly.  

A typical ground fissure was observed at a distance about 9 km southeast of Kathmandu 

toward Bhaktapur with a NE-SW direction and 2 meter vertical displacement (Fig. 6-21) as 

an aftermath of the 2015 Gorkha, Nepal earthquake. 

 

  

Fig. 6-21. Ground surface fissures with azimuth of 196-208° and 2m vertical displacement occurred 

in the road between Bhaktapour and Kathmandu. 

 

Such surface fissures were found nearby Gosht and in the Village of Gol-Pichak during the 

2013, Mw7.8, Gosht (Saravan) earthquake (Fig. 6-22). 

  

Fig. 6-22. The surface fissure in Gol-Pichak village (nearby Gosht) created during the mainshock of 

16 April 2013 Mw7.8 earthquake. 



Chapter 6: Lessons Learned from Earthquakes (Reconnaissance Studies of Earthquakes) 
 

 197 
 

In Zare et al. (2013) we show that “according to the existing faults in the region of the 

2013 Bashagard, SE of Iran, the Manujan fault with a right lateral strike-slip movement and 

a NW-SE trend having a slip towards east was expected to be the causative fault. The 

location of the epicenter and the fault slip towards east might be a justification for a depth 

between 20 to 25km for this earthquake. The Surface fissures, is observed around the road 

from Goharan to Irar (kilometer 5, north of Goharan, and just at the end of this road (Fig. 6-

23). However it does not present the systematic evidences of surface fault rupturing, it 

continues in an enechelon NE-SW direction near Irar (Fig. 6-24), along about 5kms, and the 

fissure segments has mostly the azimuths of N320 to N330”.  

 

 

Fig. 6-23. The tension cracks in the Goharan to 

Irar road, created during the mainshock of the 11 

May 2013 earthquake. 

 

Fig. 6-24. Surface fissures in the epicenter of 11 

May 2013, Mw6.2 Iran earthquake (in the village 

of Irar). 
 

The 2012 Varzeghan earthquakes caused ground surface rupture. The causative fault was 

assessed to be the South Ahar fault, having an east-west trend and a length of about 60 km. 

The surface rupture of the Varzeghan fault was surveyed along about 4 km of ground surface 

by the investigating team and is located 13 km south of Varzeghan. Its Azimuth is N 245-260 

degrees, as shown on Fig. 6-25. 
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Fig. 6-25. Surface rupture on the Varzeghan twin earthquakes fault (Zaré, 2012). 
 

Such a situation was also observed in the 2003 Bam earthquake in which according to Eshghi 

and Zare. (2003), “The Bam fault with a near north-south direction passes from the vicinity 

of the city of Bam (less that 1km distance to the east of Bam, and between the cities of Bam 

and Baravat. The surface fissures created after the Bam earthquake are observed around the 

Bam fault between the cities on Bam and Baravat (Fig. 6-26). The fissures are created in the 

form of the sinkholes in the city of Baravat (Fig. 6-27)”. 

 

Figure 6-26. The surface fissures along the Bam fault (near Baravat) in the prone area of the 

26/12/2003 earthquake). a) The fissures nearby Baravat, b) the fissure that ruptured the road from 

Bam to Baravat, and c) the fissures in the foot of the fault scarp of the Bam fault. 
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Figure 6-27. The sinkholes created during the 26/12/2006 Bam earthquake in Baravat. 

The 2014 Mormori (Ilam) SW Iran's earthquake caused road blocks, fissures and subsidence 

in the road (kilometer of 32 from Darreh‐Shahr; Fig. 6-28 and 6-29), and followed up by the 

debris slides during the aftershocks. 

 

 

Fig. 6-28. Darreh‐Shahr to Abdanan Road (20km 

from Darreh‐Shahr) caused the road block (about 

52km to the epicenter.) 

 

Fig. 6-29. Road from Darreh‐Shahr to Abdanan 

(32km from Darreh‐Shahr): Fissures and land 

subsidence caused by the 18 August 2014 

earthquake (about 42km distance to epicenter). 

 

In Zare et al. (2013) we show that “the 2013, Mw 6.4 Shonbeh earthquake had some 

geotechnical features. Near Shonbeh (4km southeast of the city) there is clear evidence of 

liquefaction along the Mond River in the Dashte-Zaal ("white plain”), (Fig. 6-30). Some 



Chapter 6: Lessons Learned from Earthquakes (Reconnaissance Studies of Earthquakes) 
 

 200 
 

surface tension cracks were induced by liquefaction in the Mond River terrace (Fig. 6-31). 

These features could be seen along about 3 km of the terrace. Surface fissures along the 

reported causative fault could be observed south of Shonbeh, on the road to Baghan and 

Bandar-Daiyer (Fig. 6-32 and 6-33). These en-echelon, non-continuous segmented fissures 

do not show the displacement consistent with the fault mechanism (compressional with a 

strike slip movement); however, it is mostly a vertical displacement in most of segment, with 

some surface strike slip movements (not systematic in the same direction). The segments were 

located about 1 km distant from the Jashak Salt Diapir and it may be that the salt layers are 

effective in conducting the rupture to the alluvium surface”. 

 

 

Fig. 6-30. Close-up view of liquefaction in the 

Dashte Zaal area. 

 

Fig. 6-31. Extension cracks and joints in young 

alluvium river bank deposit in the Dashte Zaal. 

 

 

Fig. 6-32. Surface fissure (N300-320) in young 

alluvium deposit, east area of Jashk Salt-Diapir 8 

km of this fissure could be seen in the field. 

 

Fig. 6-33. Closer view of surface fissure (N300-

320) in young deposits. 
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7-1.   Earthquake Hazard in the South Asia 

The South Asia region is located in the Alpine-Himalayan chain where the tectonic plates 

collide with high rates of deformation. In tectonic terms, the Asia is on four large tectonic 

plates that are: (i) Eurasian plate (include Europe and almost all Asia); (ii) Arabian Plate; (iii) 

India plate (or Indo-Australian plate in old books); and (iv) a small part of North American 

plate. More important tectonic feature that are regional sources of earthquakes are: (a) 

continental collision between Indo-Australian plate and Asian plate; (b) many offshore 

subduction zones in Pacific and Indic ocean and (c) collision between the Eurasian and 

Arabian plates in the Middle-East and the Iranian Plateau. 

In the past century, several destructive earthquakes have occurred in the region such as 

the October 26, 2015 Afghanistan-Pakistan (Mw7.5), April 25, 2015 Gorkha Nepal (Mw7.8), 

September 24, 2013 Balochistan Pakistan (Mw7.7) October 8, 2005 Balakot Pakistan 

(Mw7.6), December 26, 2004 Sumatra (Mw9.3), January 26, 2001 Gujarat India (Mw7.9), 

September 29, 1993 Latur-Killari, India (Mw6.2), August 15, 1950 Assam–Tibet (Mw8.7), 

January 15, 1934 Nepal–Bihar (Mw8.3) and June 12, 1897 Assam India (Mw8.3). 

With respect to the high seismicity and experience of destructive large-magnitude 

earthquakes, it reminds that several metropolis in the South Asia, such as Dhaka in 

Bangladesh, Kolkata, Mumbai and Delhi in India, Karachi in Pakistan, Kabul in Afghanistan 

and etc, are exposed to high seismic hazards and risks. The cities are almost taken into 

account as metropolises of developing or less-developed countries where more efforts for 

data provisions, seismic hazard investigations and risk assessments are necessary in order to 

reduce life and property losses.  

As an example, on April 25, 2015, an intense Mw7.8 earthquake struck the central Nepal, 

causing large damages to the structures and infrastructures of the Nepal's society and 

claiming more than 8000 lives and 22,000 injuries. It is believed that the 25 April 2015 

Nepal’s earthquake is the first major earthquake in a third world country where the following 

damages is not determined by the number of dead people (which was not relatively high 

comparing to the vulnerability of such a major quake), but by the damages to its key 

infrastructures (in the form of damages that will make the future of this poor country harder 

and more complicated). The 2015 Nepal’s earthquake is a symbol of the vulnerability and 

resiliency in densely populated areas of the third world, underdeveloped and developing 

countries facing natural disasters, particularly earthquakes in the twenty-first century. 
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On the other hand, seismic designs have not been considered in low-seismic regions of 

Southeast Asia, as these regions have never experienced disasters due to earthquakes. Kuala 

Lumpur, the capital of Malaysia, and Singapore are good examples of these regions. Even 

though they are both located in a low-seismic region, they may be vulnerable to distant 

earthquakes generated by the active seismic zones located more than 300 km away, along 

and off the western coast of Sumatra Island. These seismic zones have generated numerous 

earthquakes some of which have shaken high-rise structures in Kuala Lumpur and Singapore. 

The number of felt events is increasing due to the rapid construction of high-rise buildings in 

these two cities (Pan 1997). Even though earthquakes have never caused any structural 

damage in Kuala Lumpur or Singapore, the effects of even a moderate level of ground 

motion may be enormous because of the large population and many commercial activities 

taking place in structures that have not been designed for earthquake loads (Megawati et al. 

2005). 

Important available prepared seismic hazard maps for the region of interest, are those 

developed by the Global Seismic Hazard Assessment Program (GSHAP, 1999) (Fig. 7-1a) 

and some parts of interest (e.g. Afghanistan and Pakistan) in the EMME hazard map 

(Giardini et al, 2016) performed under the framework of Global Earthquake Model (GEM) 

(Fig. 7-1b). 

 

 

(a) 

 

(b) 

 

Fig. 7-1. (a): Global seismic hazard by (GSHAP, 1999) and (b) seismic hazard map of the Middle-

East region (Giardini et al, 2016). 
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Although there have been several studies about seismicity and earthquake hazard of the South 

Asia region, more attempts are needed in dataset collection including seismicity catalog and 

strong motion databases which can improve future researches and give more insights and less 

uncertainties in seismic hazard assessments. 

 

7-2.   Scope of the Project 

• Undertake and in-depth analysis of the existing studies conducted in Asia Pacific 

countries related to seismic hazard and risk mapping, geophysical and geological 

tectonics of the region, seismic risk management policies and analyzing its institutions 

and their roles, legal and organizational frameworks. 

• Contribute to the improvement of seismic risk reduction through providing the 

government and other actors with up-to date data and systemic analysis of seismic risk 

management delivery systems at city, national and international level; 

• Dialogue with decision-makers and sensitization among them about importance of 

seismic risk vs. seismic hazard; 

• Updating and/or preparation of earthquake catalogue, seismic sources and ground motion 

prediction equations for model building; 

• Verification of existing seismic, geological and geotechnical studies, comprehensive 

interaction between the existing projects; 

• Capacity building among experts and decision-makers of the South Asia countries, 

integrating local expertise in a sub-regional context and communicating earthquake risk 

clearly, accurately and transparently to all users; 

 

7-3.   Working Packages  

Task 1: Compilation of existing catalogs  

The current historical earthquake catalog will be culled from various catalogs, both global 

and local, that are developed since the first catalogs. Early global catalogs made simple 

mention of earthquakes. Meanwhile, catalogs that mainly focused on the region give more 

explicit descriptions of earthquake accounts and adopted descriptions by local historians. 

Over the years, various historians and seismologists kept on building their own catalogs 

whose contents varied depending on each author’s perspective and purpose. For example, 
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some authors make simple listings of earthquakes while some would include detailed 

descriptions.  Others give their own intensity estimates as well as draw their own isoseismal 

maps. 

1: Global earthquake catalogs 

The existing historical earthquake data of the South Asia region (in the global catalogs) starts 

since prehistoric earthquakes and mainly related to last 15 centuries, when the earthquakes 

affecting the region started to be noticed and documented. These earthquake citations may be 

grouped into those cited in global catalogs while the other group belongs to the country-

specific catalogs. The redetermination of the magnitudes covering pre-1900 to early 20th 

century period will help to improve the earthquake data in the South Asia region. 

2: Country-focused historical earthquake catalogs 

These sources included various European travelers who wrote books, chronicles or accounts 

of their travels. Despite exaggerations and misquoted names of places, works became one of 

the most referred to earthquake catalog for the region. 

Task 2: Reevaluating the historical earthquake catalogs  

After determining the epicenters of historical events, we evaluate the completeness of the 

resulting historical catalog. We plot the typical yearly number of earthquakes with M 6.5 and 

above for the region for both the historical and recent periods. A substantial number of 

earthquakes will be reviewed and located. 

Task 3: Incorporating the new sources of information 

Inaccuracies, exaggerations and biases sometimes creep into interpretation of historical 

accounts. Thus, it is always better to go back to the primary source of information. The 

search for new sources of information starts from the original list of references by previous 

authors. The original list has since more than doubled and potential new sources of 

information will be considered.  

 

7-4.   Strong Motion Database  

• To derive region specific ground-motion prediction equations for the South Asia and 

Caucuses by considering various ground-motion parameters that involve spectral 

acceleration, displacement and peak ground-motion values. 
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• To develop region specific tools useful for mapping local site conditions based on Vs30 

proxies, which are derived from the compilations of shallow geology and topography 

maps. 

 

7-5.   Steps of the project 

Step 1: Assembly of Ground-motion database 

We will assemble an extended ground-motion database for the South Asia and Caucuses 

region, to serve for model selection and adjustments, to test for regional patterns and for the 

evaluation of site amplification factors. The database will be principally composed of the 

accelerograms of Turkey and Iran that are the two important accelerometric data providers in 

the region. Additional data with reliable seismological information (magnitude, distance, 

faulting style, site class etc.) from the other project participants will also be considered as part 

of the project's strong-motion database.  

High-quality digital strong motions recorded at sites with known velocity profiles (Vs30) 

will be ranked in priority during the collection and compilation of the regional dataset. 

Step 2: Predictive model for peak ground motion and spectral values 

Existing ground motion models (recent global and regional models as well as those from the 

NGA project) will be selected and compiled using the approach presented in Cotton et al. 

(2006). The region-specific ground-motion model(s) will then be derived systematically by 

following the steps indicated below: 

1. The strong-motion database of the project will be used to explore how the pre-selected 

GMPEs to characterize the seismotectonic variations in level-I regions.  Residuals 

analysis, estimation of minimum-misfit stochastic models from empirical GMPEs and 

expert discussions will help to define uncertainty bounds of the selected predictive 

models.  Selected models will tried to be adjusted for common magnitude, distance, style-

of-faulting, horizontal component definitions, and will then be combined with appropriate 

weighting in a logic tree approach (both for the median and aleatory variability), to cover 

a broad spectrum of expert opinions.  During the evaluation of GMPEs, specific emphasis 

will be put on the events with smaller magnitudes (M<5), to test scaling issues in the 

compatibility of small-magnitude records from the region of interest with large-
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magnitude global patterns.  The predictive model(s) with the highest credentials will be 

adjusted for a better representation of the seismicity in Level-I regions.   

2. The most appropriate global and/or regional models will be adjusted to the regions of low 

seismicity or regions lacking strong-motion data (target regions) through the host-to-

target scaling factors that are derived from the synthetics generated for the target and host 

regions (Campbell, 2003). The point-source (or finite-fault as long as the seismic 

information is sufficient for its application) stochastic method will be used for the 

synthetics. Weak-motion data and other geophysical source information from Level II and 

III regions will be used to derive the synthetics in the target regions.  The models will be 

calibrated on small-to-moderate earthquakes and host-to-target scaling will consider this 

fact while transforming the host predictive models to target regions (Akinci et al., 2006; 

Malagnini et al., 2006).  The spectra for target regions are evaluated on the basis of 

available seismological, seismotectonic and geological information (e.g. Chandler et al., 

2006).  Extrapolations to larger magnitude events for the host region adjustments will be 

obtained through the calibration of the stress parameter of the region specific source 

spectrum. 

Step 3: Site amplification and soil linear and nonlinear behavior 

Goal of this task is to make appropriate calibrations for the application of ground motion 

prediction equations to specific soil and rock conditions, along two directions: 

1. Keeping the well-accepted site classification criteria unchanged and proposing the 

"optimal" spectral shapes and/or amplification factors for the region that are applicable to 

sites where Vs30 velocities are known or can be predicted with reasonable accuracy. The 

work will first consist in compiling the site amplification functions used in the recent 

GMPEs for their comparison in view of the quality of the background geotechnical 

information that is very diverse in the region of interest. In the second stage, the strong-

motion dataset built will be used to evaluate the consistency of these functional forms 

(and essentially improve them in case if it is required) for their reliable estimations of soil 

behavior depending on certain ground-motion levels (usually characterized by PGA or 

some strain level). 

2. Exploring "proxies" to site conditions and Vs30 velocities, such as surface topography 

slope that can be inferred from satellite images (e.g. the Global Vs30 model of Wald and 

Allen on http://earthquake.usss.gov/research/hazmaps/interactive/vs30A) for mapping site 
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conditions with appropriate density and coverage for regions that lack useful information 

on Vs30 velocities, and proposing site amplification factors accordingly. Statistical tests 

will be performed to check the relevance of such proxies for their application in the 

regional scale and their compatibility with the proposed Vs30 classification schemes. 
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8-1.   Introduction  

My researches were mainly concentrated on subjects such as the study of seismicity 

parameters, strong ground motion, development of attenuation models, and seismic hazard 

analysis in Iran and other active zones of the Middle East and south Asia. The most emphasis 

was to represent the important controlling factors in seismic source determinations, seismicity 

parameters and ground motion models. These studies were carried out in the framework of 

research work at the IIEES as well as in collaboration with the universities and research 

institutes. 

8-2.   Supervised Ph.D. Thesis  

Over the past 25 years, when I started my research works at the IIEES, I supervised or co-

supervised several M.Sc and Ph.D thesis in the field of seismology, engineering seismology, 

seismic hazard analysis, earthquake prediction, geotechnical earthquake engineering and etc 

in the IIEES as well as other universities of Iran. Until now, I was supervisor of 

approximately 80 M.Sc thesis and advisor of about 50 M.Sc thesis in different universities of 

Iran such as IIEES, University of Tehran (college of engineering and college of geography), 

K.N. Toosi University of Technology, Shahid Beheshti University, Islamic Azad University 

in Iran and so on.  

My first Ph.D student (now Dr. Fereidoon Sinaiean) defended of his thesis in November 

2006. Since then, during the last 10 years, I supervised or co-supervised nine other Ph.D 

thesis in the IIEES, University of Tehran and University of Technology Malaysia.  

In the following, the abstract of the researches in form of supervision or co-supervision 

of doctoral thesis of my former Ph.D students are presented. 

8-2-1. Studies on the Strong Ground Motions in Iran; Source Parameters and 

Attenuation laws 

� By: Fereidoon Sinaiean 

� Thesis defense date: November 2006 

� Affiliation: IIEES 

The Iranian strong ground motions data are used to derive the empirical attenuation laws for 

different strong motion parameters: peak acceleration, peak velocity, peak displacement, 

response spectral ordinates. The empirical relationships are established for the strong motion 
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parameters as a function of the moment magnitude, the epicentral and hypocentral distances, 

and a constant parameter representing the site conditions. The one and two step approaches 

for the regressions will be applied. The dataset consists of 3500 three component 

accelerograms, all recorded during 1994-2003 in Iran. These dataset will complete a previous 

research by (Zaré and Bard; 1999). It is split in two subsets corresponding to two 

geographical areas: during the period of observation, stronger earthquakes occurred in central 

Iran and Alborz region and were recorded at distances as far as 220km, whereas the Zagros 

belt experienced only the intermediate events (M4-6) recorded at distances up to about 60km. 

This difference, and a probable difference in attenuation between these two main regions, 

cause different coefficients for the attenuation relationships. The site effects are studied in 50 

stations, using the seismic refraction and microtremors tests. The soil effects will be 

considered in the regressions: the resulting site dependence is not very large, but it does agree 

with our previous site classification for Iran.  

The attenuation relationships in Iran are studied in 1999 by M. Zaré, in his thesis in 

LGIT lab in Grenoble University, France. The present study is a continuation of the 

mentioned research. The purpose of this study is therefore to fill the gap of the studies for the 

data recorded after 1994. A cleaned catalog is established in this study, that keeps only the 

data for which the magnitude and epicentral distance are known, and for which the signal to 

noise ratio was acceptable. The studies on the attenuation relationships for Iran ware 

previously started using only the strong and representative earthquakes of each region (Zaré 

1995a) and for the strong motions recorded during 1974-1994 in Iran. The conditions were 

devoted special attention and measurements, which led to a new categorization in four 

different site classes, on the basis of H/V ratio for the strong motion records. 

The scope of this study is to investigate attenuation law for the strong motions in Iran, 

using the Iranian data, in form of different parameters. It was intended to establish the 

empirical relationships for the strong motions and to observe if any difference may be 

distinguished in different regions of the country in view point of the attenuation law. Another 

scope was to provide the design spectra for the sample sites in different regions in Iran. These 

regions will be designated using the measured kappa and Q (attenuation) parameters. 

The results of the study will be presented in form of the different parameters. The 

coefficients of the regression will be presented not only for the spectral values but also for the 

parameters such as peak ground acceleration (PGA), peak ground velocity (PGV) and peak 

ground velocity (PGD). All coefficients are presented for horizontal and vertical components 
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and separated for different determined regions in the Iranian plateau, and finally for the entire 

of the Iranian data.   

8-2-2. Seismic hazard analysis, a case study from eastern Iran: Tabas region 

� By: Mohammad Aryamanesh 

� Thesis defense date: February 2007 

� Affiliation: IIEES 

Landsat TM data were used in the study of neotectonics of the Tabas region in eastern Iran 

and the eastern great Iranian desert through assessment of the drainage pattern and migration 

patterns of rivers. Evaluation and inspection of active tectonic processes and their effects 

such as earthquakes is of great importance in earthquake hazard analysis in any area. The city 

of Tabas was previously classified as a low seismic risk area before the Mw7.3 earthquake of 

September 16, 1978, but this earthquake justified the necessity of revising the studies of 

active tectonics in this area. Since most processes directly related to seismic risk are not 

expressed in ways measurable from ground or satellite observations, utilizing morphotectonic 

indicators of active tectonics may be useful for identifying these events. In this study, we 

examine the Tabas area of eastern Iran and evaluate the response of the Tabas to the 1978 

earthquake, using field studies, and Satellite Image Processing. We focus our studies on the 

changes in the drainage network and the migration of rivers to get a clear understating from 

active tectonics in the area. These channels belong to the main rivers which originate from 

Shotori Mountain to the east of the city of Tabas. The relief in the area is remarkable due to 

its sharp contrasts and the multitude and variability of the morphological elements: high 

rugged mountains, basins, and wide hilly areas composed of loose sands, gravels and 

boulders. In an area such as this, where the morphology of the terrain responds to tectonic 

changes, where erosion is slow, fault ruptures cutting pediment surfaces are well preserved. 

Various geomorphic features supporting recent tectonic movements were deciphered from the 

various remotely sensed data. These include: strike-slip faults, fault line scarps, triangular 

facets, uphill facing scarps, pressure-ridges, and abrupt changes in topographic slope angles 

along fault traces, offset drainage, truncated fans and beheaded drainage channels. Most of 

these features were examined in the field and revealed movements that have occurred during 

the Holocene (past 10,000 years).Subsequently the locus of active deformation seems to have 



Chapter 8: Research Formation  
 

 215 
 

shifted northwest, and more precisely in an anti-clockwise direction, to where the most active 

zone of deformation is now buried in the desert of the Tabas plain. 

Phenomena such as sedimentation displacement and horizontal excavation of the river 

have emerged in many rivers of the Tabas plain. Morphotectonic studies in the studied region 

indicate that tectonics has a direct effect on occurrence and evolution of the regional 

morphology; and the consistency between the structural pattern and mountains and fields, 

rivers, and complexity of the areas around the faults, indicate the direct role of tectonic 

motions. Studying the morphotectonic elements including streams, alluvial deposits, 

meanders, rivers, shapes, streams asymmetry, channel patterns, tectonic sag ponds in 

mountain front, V-shape valleys, and triangular facets in mountain fronts, all indicate the 

strong activity of the studied region. Seismic actions are not limited to the 1965 earthquake 

fractured zone, and generally these regions have the potential of seismic hazard. Our 

observations show that the Shotori Mountain front fault zone is a major and active structural 

element accommodating shear in the area. Because the fault shows principally strike-slip 

motion on the Tabas plain, we can use the strike of the fault (N 25_W) to locally define the 

azimuth of maximum shear accommodation. The azimuth is significantly more westerly than 

other major strike-slip faults within the area. 

Mapping in the Tabas plain clarifies the Holocene and right-lateral nature of slip along 

the Shotori Mountain fault zone and left lateral nature for the Tabas plain, especially 

associated with the younger movements. Within Shotori Mountain, the fault shows primarily 

right-lateral motions within an intermountain valley. The range front fault traverses 

northwestward and majority of the faults acquire a component of reverse motion in addition 

to the right lateral strike-slip. However, the similarity of the values is consistent with the idea 

that the slip rate has been relatively constant since inception of the fault. The occurrence of 

displacement of Holocene deposits shows the recent nature of deformation and is suggestive 

of a relatively frequent earthquake recurrence time. An approximate estimate of the average 

recurrence time of earthquakes can be made if we use the displacements recorded on single-

event scarps. 

The recent estimations indicate that the most of the activity is related to the immediate 

parts of the mountain front and the Sardar river bed has been strongly affected by the 

activities.  What is important is the changes that exist along the meanders, in a manner that a 

new front is rising and the existing meanders are in back thrusting with a reverse grade. 
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We conclude that all the major parts of this interpretation can be inferred directly from 

the landscape, illustrating that if we know what signs to look for, we can identify zones of 

active thrust faulting even if they have not experienced recent earthquake activity, and even if 

no discrete fault scarps are reported at the surface. Long-term folding and uplift produce a 

simple and self-consistent picture of the faulting at Tabas. Indications of active faulting and 

folding and drainage incision are present in the landscape across the entire plain of Tabas. 

Modern satellite imagery enhances our ability to see the sometimes subtle patterns of uplift 

and drainage incision. 

8-2-3. Response Spectra of Iranian earthquakes recorded strong ground motions 

� By: Hadi Ghasemi 

� Thesis defense date: March 2009 

� Affiliation: IIEES 

A Case-history is developed on the response spectral studies on the Iranian strong ground 

motions. The Iranian plateau lies on one of the most seismically active belts in the world 

called as Alpine-Himalaya. Almost all parts of the territory have been struck by destructive 

earthquakes. In some cases the observed destructions to buildings fault-related directionality 

and localized site effect are among the major effective factors.   

In this study recorded strong motions during the main shock of well-known earthquakes 

in Iran have been used to investigate the reasons of observed damage due to each of them. 

Seismic movement anisotropy method is used to study the directionality effect while the 

response spectral ratio method is used to study the latter one. Furthermore, the derived 

response spectra of the recorded time series are compared with the given design spectra at 

Iranian building code and the results are given. 

The main characteristics of strong ground motion will significantly affects the 

performance of Buildings and structures during an earthquake shaking. Generally, such 

characteristics can be classified as:  earthquake magnitude, source-to-site distance, and site 

conditions. In order to examine the effects of the mentioned factors on response spectra, a 

catalogue based on strong motions, recorded during Iran large earthquakes, since 1975 to 

2003, have been prepared. The included records are processed and combined together based 

on simplified assumptions made. Then they grouped in different magnitude, distance and site 

classes. Comparisons were made between obtained mean response spectra for different 
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groups and results given and discussed. It is revealed that the general behaviors of response 

spectra with source-site distance are almost similar; therefore the shapes of response spectra 

show weak distance dependency. Larger earthquakes have more low frequency energy and 

less high frequency energy relative to smaller ones which significantly affects the shape as 

well as the spectral values at different periods.  Regarding the site effect it is shown that the 

soil site condition will have effects on response spectra at distances more than 50 km; while 

its effects on the shape and values of response spectra are still ambiguous due to mentioned 

restrictions. The determined normalized response spectra are also compared with standard 

spectra given at Iran building code (Iran 2800). It is shown that on average the standard 

spectra can be applied only in the case of the mean response spectra on hard sites, while for 

other sites, it needs modifications. 

In the present study, we have studied the effects of source-site distance, local site and 

magnitude, on the averaged acceleration response spectra. We prepared a catalogue based on 

recorded strong motions in Iran during recent large earthquakes, since 1975 to 2003. The 

available records in the catalogue are processed to remove baseline offset as well as high 

frequency noise; then the 5% elastic response spectra calculated. Based on simplified 

assumption made about the main earthquake characteristics in Iran, the derived acceleration 

response spectra are grouped and averaged for different distance, site and magnitude classes. 

In this case, the final derived standard deviation would be the summation of inter and intra 

earthquake term. While the latter one seems to be small, it will significantly restrict us to 

have only general concludes about the results.   Regarding the source-site distance, it is 

revealed that the behaviors of the averaged response spectra of the same site and magnitude 

category at different distance ranges are more or less same. In addition, clear spectral 

attenuation with distance, observed. It is worth to mention that although the hypocentral 

distance is used as a definition for source-site distance, but generally, it is poor measure for 

this purpose especially for stations close to the source of the large earthquakes. In these cases 

other definitions like closest distance to the surface projection of the fault plane, etc. are 

recommended. Unfortunately, our knowledge about geometry of causative fault planes, for 

most of the earthquakes used, is poor; so the hypocentral distance is used to keep the 

homogeneity of the catalogue for source-site distance term.  

According to the local site effect on response spectra, it is necessary to go back to the 

method used to determine site class at each station and its main drawbacks. Site classification 

is done for most of the stations based on the correlation between the average shear wave 
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velocity over the top 30 m and place of the fundamental frequency determined using strong 

motion or microtremor measurements. This kind of classification can be effectively used to 

separate the hard sites from the general soil sites. Thus, in the present study, records in each 

assumed class might be contaminated by records from other site classes, especially in the 

case of soil sites. Regarding this, the average behavior of the given response curves at 

different site classes must be considered in each distance and magnitude ranges. Based on the 

given comparisons in figure 9, it is revealed that local site has significance influence on the 

amplitude of response spectra at distances greater than 50 km, in addition it has not 

significance influence on the shape of response spectra, although some shifts in the place of 

higher values of acceleration response can be observed.  

It is shown that the magnitude will considerably affects the spectral values as well as the 

shape of the response spectra. It suggests considering magnitude dependent design response 

spectra in Iran 2800, but to do so, more detail studies on magnitude effect on response spectra 

especially at longer periods, as well as developing and modifying the available network to 

obtain more high quality data are vital. Finally given results based on the comparisons 

between the standard spectra (Iran 2800) and derived spectra in this study, suggest: 1) In the 

case of mean response spectra for hard sites, well agreement can be observed between the 

derived curves and proposed one in Iran 2800, but for soil sites, the proposed standard 

response spectra suggest overestimated values in whole period range. 2) In the case of mean 

plus one standard deviation, significant increase observed at higher spectral values (~40%) 

causes the standard response spectra to be underestimating.    

 

8-2-4. "Probabilistic earthquake prediction model based on the earthquake catalog of 

Iran" 

� By: Aref Bali-Lashak 

� Thesis defense date: October 2010 

� Affiliation: IIEES 

Due to the high risk of earthquakes in densely populated areas of the Iran, in this study, it is 

attempted to investigate the short-term, medium-term and long-term earthquake prediction in 

country, based on logical and meaningful methods. At first, some concepts in earthquake 

predictions including the prediction and decision trees, deterministic time series, stochastic, 
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chaotic, periodic as well as quasi-periodic processes, predictability and different attitudes to 

earthquake prediction according to earthquake precursors and statistical - probabilistic 

approaches are presented. Then, using the coefficient of time variations between successive 

earthquakes in Iran, the country is divided into four zones in terms of seismicity rate, so that 

based on the quantity of this parameter in each zone, random distribution patterns, slow-

change or fast-change can be applied for probabilistic earthquake predictions. In addition, by 

introducing an innovative method called BZEFM, and by optimizing the concept of 

earthquakes clustering as well as defining the seismic dual areas, a new model for the 

statistical-probabilistic medium-term and short-term earthquake prediction methods are 

presented. In this study, it is proved that long-term clustering exists in both the primary 

catalog and the residual catalog. Then, the probabilistic long-term prediction model proposed 

by Kagan is implemented for the earthquakes catalog of Iran and adjustable parameters and 

the required regional coefficients of this method are calculated and optimized with regard to 

Iranian seismic data and application of the genetic algorithm. The moment tensor calculation 

for some major earthquakes in Iran is considered too. Finally, prediction probability density 

maps for different time periods and different regional coefficients are depicted.  

According to the obtained results, the best performance corresponds to the period when 

catalog is divided into two equal intervals. Validation shows that the presented short-term, 

medium-term and long-term prediction methods are acceptable in Iran. 

8-2-5. Tehran Seismic network (TDMMO): Micro-Earthquake, Microtremor and 

Quarry Blast Data 

� By: Jamileh Vasheghani Farahani 

� Thesis defense date: August 2012 

� Affiliation: IIEES 

The microseismicity of Tehran region bounded 34.43°-36.87° N and 49.07°-53.13° E which 

is investigated by the network of Tehran Disaster Mitigation and Management Organization 

(TDMMO) Tehran from 2004 to 2010/04.  The main purpose of this study was to substantiate 

the current tectonic activity of the region; we checked whether the observed faults in the 

region are active or not. 

We could find some active trend in the region which the strongest level of their activity 

is related to eastern part of the region especially the North Tehran, Parchin, Pishva, Mosha 
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and the Garmsar faults. Also, we observed strong historical earthquakes in this zone. 

Historical earthquakes showed that the east of Tehran is more active that the west. The 

distribution of micro earthquakes in the E, NE and SE is in a local magnitude 2. Major faults 

crisscross Tehran are located at the foot of the Alborz mountains. Released seismic energy 

map of the region showed the main active zones with high energy values for micro 

earthquakes data in the east of the region. 

The extended coda normalization method was applied in south and southeast Tehran. It 

was found that Qp
-1 and Qs

-1 show frequency dependence by a power law function. The 

attenuation parameters for average of three components can be expressed as:  

Qp
-1 = (100 ± 6) ×10-3(f-(1±0.07)) and Qs

-1 = (73 ± 2) × 10-3(f-(1.06±0.03)) 

The results show stronger attenuation for P waves than for S waves in the 1-12 Hz 

frequency band. The unknown value of γ for south and southeast Tehran for the P and S 

waves were determined by assuming γ to be a constant for distances less than 25 km. The 

changes in γ ranged from 0.55 to 0.85 for distances greater than 25 km. Finally, γ2 = 0.90 was 

obtained for body waves for distances greater than 25 km by comparing all results.  

The results from the blast data show higher attenuation for the body wave than for 

attenuation obtained from earthquake data in Iran. The attenuation relationship (Q-1) can be 

used for discriminating quarry blasts. The ratio Qp
-1/Qs

-1>1 and <2, which is similar to results 

obtained by other studies. Also, this study indicates the possibility of discrimination of small 

explosions (e.g., quarry blasts) from tectonic events (e.g., micro earthquakes). 

“We did a Study of Horizontal-to-Vertical Component Spectral Ratio in the Tehran 

Seismic Zone. Micro-earthquakes, microtremors and quarry blasts data were used as an 

estimation of the site response in the Tehran zone. Site effects were studied based on 

horizontal to vertical ratios by Nakamura’s technique. Also, we used the spectra of the 

signals for three components with the lowest noise levels for spectral slope studies. The 

analysis used seismic events from a network of 13 seismic stations by the permanent local 

seismological network of the Tehran Disaster Mitigation and Management Organization 

(TDMMO) from 2004 to 2007. The number of events used was different for each station. 

Quarry blast events were with 1.2≤ML ≤ 2.2 and Micro-earthquakes were with 1.1≤ML ≤ 4.1.  

By comparing results for earthquake, microtremor and quarry blast, we could see that 

there is a significant difference between them. The data showed clear observations, especially 

in high-frequencies. The H/V spectral ratios indicate dominant frequency for rock/soft site 
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with a higher ratio level for quarry blast ratios, which are comparable to the earthquake 

results due to their difference sources. The results derived by spectral H/V ratios and spectral 

analysis may be used to distinguish between local earthquakes and quarry blasts” 

(Vasheghani and Zare, 2014). 

8-2-6. Analysis and Development of ShakeMaps for earthquakes in Iran 

� By: Mohammad Shahvar 

� Thesis defense date: April 2013 

� Affiliation: IIEES 

In this study, our research has progressed from focusing on intermediate and large 

earthquakes (Mw ≥ 4) and creates a unified, homogeneous catalogue by merging data from 2 

local (national) catalogs and 7 international agencies. 

The catalog is provided in a declustered (for time-independent earthquake hazard 

studies) and non-declustered (for time-dependent earthquake hazard studies) form 

accompanied by the style-of-faulting and estimated uncertainty for the events with original 

magnitude of Mw. Also, for ShakeMap generation in cases where an output in terms of 

intensity is desired, empirical relationships between instrumental ground motion parameters 

and observed macroseismic intensity have been developed for Iran region.  

Moreover, the catalog of strong motions has been provided by correcting for baseline 

shifts, high-frequency noise, and long-period impacts. Consequently, the strong motion 

parameters such as Peak ground parameters and spectral amplitudes together with 

macroseismic intensities were included in the earthquake catalog. The fault parameters 

(Strike, Dip, Rake, rjb, and rrup) for significant earthquakes were determined and included in 

the catalog. 

Finally, to check the consistency of ground motion prediction equations against the 

observed data, we used some statistical test and an information theoretic approach to use the 

best GMPE and GMIPE in ShakeMap generation for Iran region and the Atlas of ShakeMaps 

have been provided for significant Iranian earthquakes 

8-2-7. Seismic Hazard Analysis in Iran (475 Years Return Period) 

� By: Sepideh Karimi-Paridari 

� Thesis defense date: October 2013 
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� Affiliation: IIEES 

The seismic hazard analyse of Iran was the subject of this thesis. The documented seismic 

history of Iran reports many catastrophic events, due to earthquakes. There are reports of 

heavy life and property losses due to historical events. The active tectonic of Iran and its 

earthquakes hazards necessitate more detailed seismic hazard studies for Iran. 

A homogeneous earthquake catalogue is an essential tool in any seismic hazard analysis. 

In this study a seismic catalogue of Iran and adjacent areas was compiled, using international 

and national databanks. Different priorities were applied in selecting magnitude and 

earthquake location: a) local catalogues were given higher priority for establishing the 

location of an earthquake; and b) global catalogues were preferred for determining 

earthquake magnitudes. Earthquakes that have occurred within an area 23–42°N and 42–

65°E, with magnitude range MW 3.5–7.9, from the 3rd millennium BC until April 2010 were 

included. In an effort to avoid the 'boundary effect', since the newly compiled catalogue will 

be mainly used for seismic hazard assessment, the study area includes the areas adjacent to 

Iran. The standardization of the catalogue in terms of magnitude was achieved by the 

conversion of all types of magnitude into moment magnitude, MWusing orthogonal 

regression method. 

According to Zare et al., (2016), “Modification and computation local coefficients of the 

space-time windows in the well-known window algorithm developed by Gardner and Knopoff 

in 1974, was also performed in this research. To modify the space-time windows, the well-

documented events of Iranian earthquake catalogue in the time period of 1972 to 2008 were 

used. The data contains 21 different sequences of mainshocks and aftershocks with the 

magnitude of the mainshocks ranged between Mw 5.4 and 7.1. The updated temporal and 

spatial windows were applied to the seismic catalogue in different seismotectonic zones of 

Iran. After de-clustering, the seismic catalogues were found to follow a Poisson distribution 

in all studied zones based on the results of the Kolmogorov-Smirnov test. The same test on 

times between successive de-clustered events shows that the inter-event times of all 

catalogues follow an exponential distribution. 

This study also reports a new seismic source zoning map for Iran, which was developed 

based on the latest data on active tectonic, topography, magnetic intensity and seismicity 

catalogue. To specify different seismic sources, two different active fault maps (Hessami et 

al., 2003 and Berberian, 1976) were used. The active fault traces and magnetic intensity data 

have significant role in defining the intersections and final boundaries of some zones. New 
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map divides Iran into 27 zones with different seismotectonic characteristics. Following 

removal of foreshocks and aftershocks, magnitude of completeness of each zone was 

established for the entire time span of the catalogue.  

The attenuation of strong motions was also studied using Iranian strong motions 

database. The data set consists of 89 three component accelerograms, all recorded in 1975-

2003. The one-step regression method was used and the empirical relationship was 

established for the spectral acceleration as the function of moment magnitude, hypocentral 

distances, and constant parameter representing the site conditions. A comparison study also 

performed on available attenuation models to select models and weight them in the logic tree 

accordingly.  

Developing the new probabilistic hazard map of Iran was the main goal of this study. 

The probabilistic source-based approach established by Cornell in 1968 was followed with 

different branches defined in the logic tree. The final seismic hazard map of Iran is developed 

for 475 years return period”.  

8-2-8. Study of Earthquake Prediction in Iran by M8 Algorithm 

� By: Masoud Mojarab 

� Thesis defense date: June 2014 

� Affiliation: University of Tehran 

Iranian Plateau, located along the Alpine-Himalayan seismic belt, is one of the world's most 

seismically active countries. In the recent centuries, several destructive earthquakes have 

occurred in this region. Although seismic hazard maps provide valuable information about 

these events, it is impossible to specify the time of occurrence of these events by these maps. 

In such situation, organizing crisis management centers, short term planning for seismic 

retrofit, and prioritization of area in term of vulnerability are impossible. To achieve these 

goals, it is necessary to monitor the high-risk seismic zones, in medium-term scales.  

In the recent years, so much effort has been made for predicting earthquakes. Two 

principal methods for earthquake prediction are precursory and pattern-recognition-based,. 

Precursory monitoring is expensive and needs special equipments. Hence, in the present 

research, the statistical methods based on pattern recognition were applied. 

Various algorithms presented so far for predicting earthquakes, among them the M8 

successfully predicted several major events. The acceptable results of the global application 
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of the M8 algorithm, between 1984 and 2013, encourage the use of this algorithm for 

prediction of great earthquakes within the Iranian plateau. Reviewing the seismicity of the 

Iranian plateau indicates that this region experienced numerous earthquake of 7+ magnitude. 

Since earthquake prediction is considered as a tool for decreasing the seismic hazard risks, 

the present dissertation used the M8 algorithm to predict the time and location window for 

the next major earthquake of Iran. 

Considering the seismological conditions of the Iranian plateau, the M8 algorithm was 

modified by changing the circle of investigation (CI) radius and lowering its magnitude 

cutoff. To evaluate the performance of the modified algorithms, nine great earthquakes 

occurred in the Iranian plateau, between 1988 and 2013, were studied using two different 

approaches. In total, 60 modified algorithms were produced and compared to each other 

using Molchan and ROC curves in order to find the best prediction algorithm. The modified 

algorithms were applied to the regions with a high frequency of occurrences of faults and 

earthquakes, over successive half-year intervals. The evaluation of results, before the next 

update of the seismic catalog, leads to the selection of an algorithm with a CI’s radius of 393 

km, a lower magnitude cutoff of 2- 4, and a confidence level of 99.4% for forward prediction 

in the Iranian plateau. The selected algorithm named M8Ir as it was developed to be used in 

the Iranian plateau. Finally, two earthquakes in Makran region, Saravan (2013) and Avaran 

(2013), were successfully predicted with forward approach. 

Due to the existence of significant uncertainty in alarm areas, to decrease the spatial 

uncertainty of M7+ events, data fusion and multi criteria decision making methods were 

used. To achieve this goal, a geological database of Iran was prepared. This Database 

includes several layers such as gravity, magnetism, earthquake density, fault density and 

topography.  

In the data fusion approach, the map of areas prone to the M7+ earthquake occurrence 

was prepared using a fuzzy analytical hierarchy process. The map of seismic potential 

anomaly was divided into high (%43) and low (%57) potential parts. The high potential part 

covered %90 of M7+ instrumental earthquakes. Combination of seismic prone and alarm 

areas leads to decrease the area of alarm, significantly.  

Subsequently, the low seismicity Sialk region, as an area prone to M7+ events was 

studied. As a M7+ event is proven in that region, the reliability of the prepared map was 

successfully confirmed. Proving an event with magnitude 7+ in this region, emphasized the 

reliability of prone to earthquake 7+ zonation map. 
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The present research developed a medium-term prediction algorithm and modeled major 

earthquakes in the Iranian plateau with %99.4 confidence level. It also successfully predicted, 

the Saravan and Avaran events by the suggested algorithm.  

By developing a new software, now it is possible to automatically run the algorithm for 

the updated catalog. In addition, new M8 algorithm was executed on seismotectonic 

provinces of Iran. Furthermore, the spatial uncertainty of major earthquakes decreased 

significantly by data-fusion-based approach 

8-2-9. Study of Earthquake Prediction in Zagros by CN Algorithm 

� By: Majid Maybodian 

� Thesis defense date: October 2014 

� Affiliation: IIEES 

“This study illustrates the application of CN algorithm for the analysis of precursory 

seismicity patterns in the Zagros region (Iran), an area characterized by a complex 

seismotectonic setting and by a remarkable seismic activity. CN is a formally defined and 

widely tested algorithm for intermediate-term middle-range earthquake prediction, based on 

the analysis of routinely compiled earthquake catalogs. To allow its application, the global 

and regional catalogs available for the territory of Iran have been analyzed, so as to compile 

a data set sufficiently complete and homogeneous over a time span of about three decades, as 

required for CN application. A number of tests have been performed with respect to changes 

in the input catalogs, assuming different magnitude completeness level, as well considering 

different magnitude thresholds for the selection of target earthquakes. Different variants of 

the regionalization have been outlined according to the seismotectonic model, and it is 

concluded that precursory seismicity patterns for the largest events need to be searched in 

the whole Zagros tectonic domain” (Maybidian et al., 2013). Accordingly, an experiment has 

been set up aimed at validation of intermediate-term middle-range prediction of earthquakes 

with magnitude M ≥ 6.2 in the Zagros region. Starting on March 2012, CN prediction results 

are routinely updated, based on the events with M ≥ Mc=4.0 as they are reported in the 

IIIEES catalog. 



Chapter 8: Research Formation  
 

 226 
 

8-2-10. Seismic hazard assessment of Peninsular Malaysia based on new ground-motion 

prediction equations for subduction earthquakes 

� By: Abdollah Vaez Shoushtari 

� Thesis defense date: January 15, 2015 

� Affiliation: University of Technology, Malaysia 

On the basis of regional economic growth, most cities in Southeast Asia have seen rapid 

development over the past forty years. In general, seismic design has not been taken into 

account in Southeast Asia regions with low to moderate seismicity, as these areas have not 

experienced disaster caused by earthquakes. Peninsular Malaysia is an example of these 

regions. Although the main cities of this region are located in a low seismicity area, they 

may be vulnerable to distant earthquakes generated by active seismic sources located more 

than 300 km along and off the west coast of Sumatra Island. Since 2007, several earthquakes 

due to the local faults within the Peninsular Malaysia region with maximum moment 

magnitude (Mmax) of 4.4 have occurred. Even though the local earthquakes were small in size, 

the epicenters were as close as 20 km to Kuala Lumpur, which could have remarkable effects 

on seismic hazard of the region. After understanding this fact that Peninsular Malaysia could 

be affected by either the large magnitude, distant Sumatran earthquakes or the local 

earthquakes, appropriate seismic hazard maps and a set of desirable elastic response spectral 

acceleration for seismic design purposes would be required. Despite the earlier seismic 

hazard studies for this region, which were proposed based on only the far-field Sumatran 

earthquakes, this study has presented new maps and elastic response spectra using the 

combination of the local and Sumatran seismic sources. Ground-Motion Prediction Equations 

(GMPEs) are the main input in any seismic hazard assessment. This study has attempted first 

to derive new empirical spectral GMPEs for distant subduction earthquakes (the both 

interface and intraslab events). The proposed GMPEs are for peak ground acceleration 

(PGA), peak ground velocity (PGV), and 5% damped pseudo-acceleration for four site 

classes (i.e. National Earthquake Hazard Reduction Program (NEHRP) site class B, C, D and 

E, corresponding to rock, stiff soil, medium soil, and soft soil site conditions). The response 

spectra database has been compiled from hundreds of ground-motion recordings from 

subduction earthquakes of moment magnitude (M) 5.0 to 9.1, hypocentral distance (Rhyp) of 

120 to 1300 km and (M) 5.0 to 7.7, Rhyp of 120 to 1400 km for interface and intraslab events, 

respectively. The probabilistic seismic hazard maps for PGA are presented over a 12.5 km 
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grid for 10% and 2% Probabilities of Exceedance (PE) in 50 years corresponding to 475 and 

2,475 years return periods, respectively. The proposed new hazard maps give the expected 

ground motions based on the extended earthquake catalog, consideration of the both 

Sumatran and local seismic sources, upgraded seismic source parameters, and more 

compatible GMPEs. The maximum estimated PGAs on rock site condition across the 

Peninsular Malaysia region for 10% and 2% PE in 50-year are 11%g and 20%g, respectively. 

In final, the horizontal elastic and design acceleration response spectra following the 

principles of Eurocode 8, on four soil site conditions with soil factors of 1, 1.45, 2 and 2.35 

for rock, stiff soil, medium soil and soft soil ground types, respectively, have been presented 

for the Peninsular Malaysia region based on the computed uniform hazard spectra with 475 

and 2,475 years return period. 
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