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ABSTRACT

This paper presents the results of seismic hazard analysis of India (6°–38°N and 68°–98°E) based on the deterministic

approach using logic tree approach with different source models and attenuation relations. The earthquake data

obtained from different sources were declustered to remove the dependent events and a total of 51347 earthquakes

of moment magnitude 4 and above were obtained from the study area. The sesismotectonic map of the study area

was prepared by considering the faults, lineaments and the shear zones in the study area which are associated with

earthquakes of magnitude 4 and above. For assessing the seismic hazard, the study area was divided into small

grids of size 0.1°×0.1°, and the hazard parameters were calculated at the center of each of these grid cells by

considering all the seismic sources within a radius of 300 km. Rock level peak horizontal acceleration (PHA) have

been calculated for all the grid points and the contour maps showing the spatial variation of these values are

presented here. The peak ground acceleration (PGA) at surface level was calculated for the entire India for four

different site classes.
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1. INTRODUCTION

Earthquakes are known to have occurred in the region of

Indian subcontinent from ancient times. Many great

earthquakes have occurred in the northern subcontinent

and in the Andaman & Nicobar regions. In the southern

peninsula, damaging earthquakes have occurred but less

frequently and with lower magnitudes than at the plate

boundaries. The seismic risk in the country has been

increasing rapidly in recent years as there were large

magnitude earthquakes in recent times even in the stable

continental region. The latest version of seismic zoning

map of India given in the earthquake resistant design code

of India [BIS 1893 (Part 1) 2002] assigns four levels of

seismicity for the entire India in terms of different zone

factors as shown in Fig.1. It was entirely based on past

earthquake history, seismotectonic set up and geophysical

data, not based on a detailed hazard analysis.

In view of the major  advancement made in

understanding the seismicity and seismotectonics of this

region, an updated deterministic seismic hazard map of

India covering 6°–38N and 68°–98°E was prepared and

presented in this paper. The earthquake catalogue was

prepared by compiling the data from different sources. The

declustering and homogenization of the earthquake

magnitudes were also done. After removing the foreshocks

and aftershocks, there were around 60,000 earthquake

 

 Fig. 1: Current Seismic Zone Map of India (BIS: 1893-2002)

events in the region within 300km from Indian political

boundary. Active seismic sources were identified based on

the past earthquake data and the seismotectonic atlas was

prepared. A logic tree approach, using two types of sources

and different attenuation relations, was adopted for the

evaluation of PHA. The surface level peak ground
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acceleration (PGA) values were evaluated based on four

different site classes suggested by NEHRP and the PGA

values were developed for all the four site classes based on

non-linear site amplification technique. The contour maps

showing spatial variation of PGA value at ground level for

four NEHRP site classes for the entire India are presented

in the paper.

2. SEISMIC HAZARD ANALYSIS

Seismic hazards for a place can be estimated using two

methodologies; they are Probabilistic Seismic Hazard

Analysis (PSHA) and Deterministic Seismic Hazard

Analysis (DSHA). Bhatia et al (1999) and Parvez et al.

(2003) respectively carried out PSHA and DSHA of India.

The DSHA considers just one (or sometimes a few)

maximum magnitude-distance scenario. Source magnitude

for each source is chosen from the maximum reported past

earthquake close to that source and shortest distance from

each source to the site is considered for the analysis. DSHA

includes following steps; 1) identification of source 2)

selection of attenuation relation 3) fitting a logic tree

structure 4) evaluation of hazard.

Identification and Characterization of Sources

In present analysis, two types of seismic sources, viz. linear

and point sources were considered. Major intraplate faults

which are delineated in Seismotectonic Atlas of India

known as SEISAT (2000) published by Geological Survey

of India (GSI) is used for hazard assessment. Earthquake

events reported by national and International agencies were

used for the analysis. These events were then declustered

and anomalies like repetitive events, foreshocks, aftershocks

resulting data base was removed (Vipin et. al, 2009). There

were 51346 seismic events of magnitude 4 and above in

the study area after declustring.

Selection of Attenuation Relationships

Different attenuation relations were selected for the

prediction of PHA and Sa values in this study. For north

and north east regions, the attenuations used were of

Sharma et al (2009), Ghasemi et al (2009) and Gregor et

al (2002). Out of these, the relation suggested by Sharma

et al (2009) was developed for Himalayan region and was

given a weightage of 0.4. The relation by Ghasemi et al

(2009) was developed for Iran which has similar seismicity

characteristics of Himalayan region and was given a

weightage of 0.3. The relation by Nicholas et al (2002)

was developed using stochastic finite-fault ground-motion

model and was well validated and has been given a

weightage of 0.3.

For peninsular India, attenuations used were of Raghu

Kanth and Iyengar (2007), Atkinson and Boore (2006) and

Campbel and Bozorginia (2004). Out of these three, the

relation suggested by Raghu Kanth and Iyengar (2007) was

developed for the Peninsular Indian region and this was

given the highest weightage of 0.4. The relation suggested

by Atkinson and Boore (2006) has been developed by

considering a very large database of events recorded on

rock site and this was given a weightage of 0.3 and the

relation suggested by Campbel and Bozorginia (2004) was

given a weightage of 0.3.

Fitting the Logic Tree Structure

Bommer et al. (2005) clearly states the advantages of using

the logic tree approach in DSHA. The epistemic uncertainty

can be addressed in a better way using the logic tree

approach in DSHA. In the present study the epistemic

uncertainties in source model and attenuation relation have

been addressed using a logic tree approach. Logic tree

consists of a series of nodes and several models can be

assigned to each node as different branches with different

weightages. Allotment of these weightages to different

branch is subjective and depends upon the degree of

uncertainties in the model and its accuracy.

Evaluation of Seismic Hazard

A MATLAB program was coded (Vipin, 2010) to compute

the hazard parameters. The algorithm for the program is

mentioned below.

(1) Discretization of study area in to grids of size

0.1° × 0.1° (10 km × 10km)

(2) The minimum distance from the selected grid

point to each of the sources (faults) is calculated.

For both the linear and point sources, the focal

depth was taken as 15 km as per Sitharam et al.

(2006) and Anbazhagan et al. (2009).

(3) For the given grid point, the PHA value due to

each source was calculated based on the shortest

distance and maximum magnitude assigned to that

source. These values obtained from each

attenuation relations were multiplied with the

corresponding weightage factors and they were

added together to get the PHA value.

(4) The maximum of these acceleration values will

be the PHA value for that particular grid cell due

to the linear sources.

(5) Similar analysis was done for the smoothed point

source for the same grid point and the PHA values

were obtained.

(6) The values obtained from the analysis for linear and

smoothed sources were multiplied with the given

weightage factors (0.5 each for the linear and point

sources) and then they were added to get the final

PHA value for that particular grid point.

(7) Similar analysis was done for all the grid points.
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3. RESULTS

The spectral acceleration values at rock level were obtained

for all the grid points using the DSHA method described

above. Spatial variation of mean PGA value at rock level is

shown in Fig. 2. The rock level PGA value of 10 most

populous cities of the country are given in Table 1.
 

 
Fig. 2: Spatial Variation of PGA Values from DSHA

Table 1. PGA Values at Major Cities of India

Location Major Cities 

Longitude(
o
E) Latitude(

o
N) 

Mean 

PGA 

Value 

(g) 

Mumbai 72.82 18.90 0.45 

Delhi 77.20 28.58 0.42 

Bangalore 77.59 12.98 0.17 

Kolkata 88.33 22.53 0.41 

Chennai 80.25 13.07 0.10 

Hyderabad 78.48 17.38 0.09 

Ahmedabad 72.62 23.00 0.18 

Pune 73.87 18.53 0.08 

Kanpur 80.40 26.47 0.20 

Jaipur 75.87 26.92 0.07 

 
Local Site Effects

The influence of topography and properties of overburden

soil on the characteristics of ground motion at bed rock is

termed as local site effect. In this paper, hazard evaluation

at ground level was carried out using nonlinear site

amplification technique by assuming the soil above bed

rock of the whole region belonging to site classes A to D,

as per NEHRP (National Earthquake Hazard Research

Programme) and IBC (International Building Code)

recommendation. The ground motion at surface level for

each site is obtained by multiplying suitable amplification

factor suggested by Raghu Kanth and Iyengar (2007), to

the bedrock motion as given in equation 1

ln                    F
s
 = a

1 
y

br
 + a

2
 + ln δ

s
(1)

Where a
1
 and a

2
 are regression coefficients given in table 2

and y
br
 is the spectral acceleration at bed rock level and δ

s

is the error term.

Table 2: Values for Regression Coefficients and the Error Term

for Various Site Classes

Site Class a1 a2 ln δs 

A 0.00 0.36  0.03 

B 0.00 0.49 0.08 

C –0.89  0.66 0.23 

D –2.61  0.80 0.36 

 The value of ground level acceleration for different

site classes can be obtained by multiplying the rock level

acceleration with the amplification factor, F
s
. Fig 3, 4, 5

and 6 schematically show the variation of PGA at surface

level for various site classes, for entire India.

 

 
 Fig .3: Spatial Variation of PGA Values for Site Class A

  

 
 

Fig. 4: Spatial Variation of PGA Values for Site Class B
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               Fig. 5: Spatial Variation of PGA Value for Site Class C

 

 
 Fig. 6: Spatial Variation of PGA Values for Site Class D

4. CONCLUSIONS

Spatial variation of PGA values is schematically shown in

this paper. Maximum PGA value was obtained near Bhuj

region. This high value of PGA is due to two major

earthquakes occurred in this stable continental region.

North and North East Indian regions also show a high PGA

value which may be because of large number of earthquakes

occurred along these plate boundary regions. The variation

of PGA follows the similar trend as in IS code. However,

the values are little higher in some regions as the present

analysis is an event dependent analysis.
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