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1. INTRODUCTION

The occurrence of the 7.6 M magnitude earthquake in north Pakistan on w 

October 08, 2005 has brought into focus the realization that Pakistan is located in a 

seismically active region. It has also increased the urban earthquake risk in the area 

due to high rate of urbanization, faulty land use planning and construction, and 

inadequate infrastructure. The seismic hazard assessment (SHA), which can be 

conducted in connection with risk analysis in urban areas, can be carried out using the 

usually adopted methodologies of deterministic and probabilistic approaches. The 

present study focuses on the SHA determination of Azad Jammu & Kashmir (AJK) 

using both these conventional approaches. The SHA was carried out by considering 

the earthquake source zones, selection of appropriate attenuation equations, near 

fault effects and maximum potential magnitude estimation. The area is located 

tectonically in an active regime referred to the as Hazara-Kashmir Syntaxis. The Main 

Mantle Thrust, Mansehra Thrust, Oghi Fault, Banna Thrust, Balakot Shear Zone, 

Main Boundary Thrust, Panjal Thrust, Jhelum Fault and Muzaffarabad Fault and, 

further to the south, the Sanghargali, Nathiagali, and Thandiani Thrusts are the most 

critical tectonic features within the 50 km radius of Muzaffarabad (Capital of AK). 

Using the instrumental seismological data from 1904 to 2007, SHA has been carried 

out. Other reactivated critical tectonic features in the area have been investigated. 

Among them the Balakot-Bagh fault, with the fault length of 120 km from Balakot to 

Poonch, has been considered as the most critical tectonic feature on the basis of 

geological/structural/seismological data. The potential earthquake of maximum 

magnitude 7.8 has been assigned to the Balakot-Bagh fault using four regression 

relations. The peak ground acceleration value of 0.25g (10% probability of 

exceedance for 50 years) and 0.5g has been calculated with the help of the 

attenuation equation using probabilistic and deterministic approaches.

2.1. REGIONAL
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Quite a large number of published work is available relevant to the tectonics of the study 

area either in the form of maps or in the form of the research 

papers like Greco, 1991; Yeats and Hussain, 1989; Ashraf et al., 1980; 
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None of the Himalayan 

Earthquakes have 

shown surface rupture 

before 1800- 

DISTINCT RUPTURE 

associated with 2005 EQ
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I.         DETERMINISTIC SEISMIC HAZARD ASSESSMENT (DSHA)  
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Although the entire region is dominantly representing the thrust faulting but some 

strike-slip component is also present. All these faults along which earthquakes can 

produce the appreciable strong ground motions are shown in Fig. 3.

2. MAXIMUM EARTHQUAKE POTENTIAL   

The methods assigning a maximum potential magnitude to a given active fault based 

on empirical correlations between magnitude and key fault parameters such as fault 

rupture length, fault displacement and fault area (Idriss, 1985). Selection of a 

maximum magnitude for each source, however, is ultimately a judgment that 

incorporates understanding of specific fault characteristics, the regional tectonic 

environment, similarity to other faults in the region and data on the regional seismicity. 

The peak horizontal accelerations calculated by deterministic approach is largely 

affected by the choice of the maximum magnitude of an earthquake that can occur 

within the certain critical feature. The procedure followed in assigning the maximum 

potential magnitude of an earthquake depends upon the maximum magnitudes of 

earthquakes experienced in the past, the tectonic history and the geodynamic 

potential for generating earthquakes. Thus in the present case, the maximum 

potential magnitudes of twelve faults calculated on the basis of 50 % of total length 

and using available relationship by Wells and Coppersmith (1994). Table.1 gives all 

these active faults present near Muzaffarabad, their total length, rupture length and 

maximum potential magnitudes calculated in the present study.

3. ATTENUATION EQUATION RELATIONSHIPS

The strong-motion attenuation relationship depicts the propagation and modification 

of strong ground motion as a function of earthquake size (magnitude) and the distance 

between the source and the site of interest. 

In the present study, peak horizontal accelerations have been 

calculated using thirteen available attenuation equations as shown in Table 1. Among 

them the equation of Boore et al., 1997 have been preferred due to the two reasons. 

Firstly, this equation is based on a high quality data set and including the term 

specifying for reverse faulting, which is the dominant mechanism of earthquakes in 

this region. Secondly the same equation can also be used for earthquakes of focal 

depth > 30 km i.e. both for the shallow as well as for the intermediate earthquakes. 
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The equation is given below.

ln (PGA) = -0.117 +0.527 (M-6) -0.778ln( r ) - 0.271ln (Vs,30/1396) +0.52P

2 2Here r = (d +5.57 )

M = Moment Magnitude

d = Horizontal distance from the source to site (km)

P = dummy variable, takes the value of 0 for mean values of PGA and 1 for 84 

percentiles.

Vs, 30 = Average shear wave velocity over the uppermost 30m at the site with values 

of 750 m/s or greater for rock and values of less than 360m/s for soft soil.
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4. DISTANCE FROM THE SITE

Table. 1 represents the closest distances of all causative sources from the site of 

Muzaffarabad. Also the constant depth of 10 km has been taken for all these causative 

sources as the shallow earthquakes are of more concern to seismic hazard 

assessment.  

5. PEAK HORIZONTAL ACCELARTIONS

The estimation of peak horizontal acceleration at the site depends upon the maximum 

potential magnitude, epicentral or hypocentral distance and local geological site 

conditions. Therefore on the basis of maximum potential magnitudes and shortest 

possible distance from the site, the peak horizontal accelerations have been 

determined using seven attenuation laws including the equation of Boore et al., 1997 

(Table. 1).

The peak horizontal accelerations were computed assuming that maximum 

earthquake along a fault occurs at the shortest distance of this fault from the site. For 

attenuation laws, which take into account focal depth also, acceleration values have 

been computed for focal depth of 10 km. 

6. MAXIMUM CREDIBLE EARTHQUAKE (MCE)

MCE i.e. the Maximum Credible Earthquake is the largest reasonable conceivable 

earthquake that appears possible along a recognized fault or within a geographically 

defined tectonic province, under the presently known or presumed tectonic 

framework (Mahdi, 2003). MCE can be calculated by both the deterministic or 

probabilistic approach. In the present work, it is calculated by the deterministic 

approach and is 8.0. 

II. PROBABILISTIC SEISMIC HAZARD ASSESSMENT (PSHA)

The estimation of PGA has also been carried out using the Probabilistic Seismic 

Hazard Assessment (PSHA). The conventional approach has been adopted for the 

site of Muzaffarabad. PSHA is denoted by the probability that ground acceleration 

reaches certain amplitudes or seismic intensities exceeding a particular value within a 

specified time interval. The inverse of probability of exceedance is known as the 

return period for that acceleration and is used to define the seismic hazard. In PSHA, 

the seismic activity of seismic source (line or area) is specified by a recurrence 

relationship, defining the cumulative number of events per year versus their 

magnitude. Distribution of earthquakes is assumed to be uniform within the source 
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zone and independent of time. Seismic hazard calculated for different sites can be 

used to generate maps or curves (hazard curves) with ground accelerations expected 

with a given probability for a specified interval of time. In the present work, the four 

seismic source zones and their seismic hazard parameters evaluated by MonaLisa et 

al, 2007 have been used for the estimation of PGA using PSHA. The calculation of 

PGA involves the use of an appropriate attenuation equation. In the present case the 

attenuation equation Boore et al 1997 have been used. 

The PSHA results are in the form of the hazard curve that has been generated using 

the software EZ-FRISK (6.2 beta version, 2004 modified form). The range of values 

used as input parameters can account for multiple hypotheses and computation of 

uncertainty in the resultant hazard values. It uses the seismic hazard parameters 

such as annual activity rate, minimum magnitude, threshold magnitude and b-value 

characteristics of the region as the input parameters. Results obtained are in the form 

of hazard curve which represent the annual frequencies of exceedance of various 

ground motion levels at the site of interest. From these curves, acceleration values for 

different return periods can be determined. 

Following the normal practice, the PGA values with 10% probability of exceedance in 

the 50 years, i.e., the return period of 475 years, are calculated (Figure 5). PGA values 

of 0.17g have been obtained using Boore et al., 1997 equations. The value of 0.17g is 

not so high for the next 50 years, but the site (Muzaffarabad) consists of poorly 

constructed structures and can experience appreciable damage as compared to 

other, less populated, sites in the surroundings.
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