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1819

1905

1934 1897

1950????

The Indian subcontinent The Indian subcontinent 
has experienced 13 great has experienced 13 great 
events of magnitude events of magnitude 
greater than 8.0.greater than 8.0.

Within India, there are Within India, there are 
five such events occurred five such events occurred 
in the past 200 yrs.in the past 200 yrs.

•1819 Kutch

•1897 Shillong

•1905 Kangra

•1934 Bihar

•1950 Assam

Sumatra, 2004

Pakistan, 2005

Bhuj, 2001
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Earthquake Hazard MapsEarthquake Hazard Maps

The early version of earthquake hazard maps were called seismic The early version of earthquake hazard maps were called seismic 
zoning maps prepared on the basis of zoning maps prepared on the basis of seismotectonicseismotectonic province, the province, the 
premise being that earthquakes will repeat as in the past, with premise being that earthquakes will repeat as in the past, with similar similar 
magnitudes and impacts.magnitudes and impacts.

The first seismic hazard zoning map of India, was brought out inThe first seismic hazard zoning map of India, was brought out in 19561956
by by Dr. A.N. Dr. A.N. TondonTondon. It consisted of 3 zones based on the broad . It consisted of 3 zones based on the broad 
concept of spaceconcept of space--time earthquake statistics and the prevailing time earthquake statistics and the prevailing 
understanding of understanding of geotectonicsgeotectonics..

1.1. Least  Hazard:Least  Hazard: Indian shield in the southIndian shield in the south

2.2. Most  Hazard:Most  Hazard: Himalayas, Himalayas, ChamanChaman fault region, Indofault region, Indo--
Burma region.Burma region.

3.3. Moderate Hazard: Moderate Hazard: The areas between the above two.The areas between the above two.
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Official Seismic zoning map of IndiaOfficial Seismic zoning map of India

Bureau of Indian Standard (BIS) is the official agency for publiBureau of Indian Standard (BIS) is the official agency for publishing shing 
the seismic zoning maps and codes in Indiathe seismic zoning maps and codes in India

They brought out several hazard maps consisting of :They brought out several hazard maps consisting of :

6 Zones6 Zones 19621962 7 Zones7 Zones 19661966
5 Zones5 Zones 1970, 19841970, 1984

The recent seismic zoning map has been revised with only four zoThe recent seismic zoning map has been revised with only four zones, nes, 
instead of five. Zone I has been merged to Zone II and hence Zoninstead of five. Zone I has been merged to Zone II and hence Zone I does not e I does not 
appear in the new zoning; only Zones II, III, IV and V do. The appear in the new zoning; only Zones II, III, IV and V do. The KillariKillari area area 
has been included in Zone III and the Bellary isolated zone has has been included in Zone III and the Bellary isolated zone has been been 
removed. The parts of eastern coast area have shown similar hazaremoved. The parts of eastern coast area have shown similar hazard to that of rd to that of 
the the KillariKillari area, the level of Zone II has been enhanced to Zone III and area, the level of Zone II has been enhanced to Zone III and 
connected with Zone III of connected with Zone III of GodawariGodawari GrabenGraben area.area.
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SEISMIC ZONING MAP OF INDIASEISMIC ZONING MAP OF INDIA

Before 2002 Latest
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Probabilistic Hazard MapProbabilistic Hazard Map
By: By: KhattriKhattri et al., 1984, et al., 1984, TectonophysicsTectonophysics

•24 Seismogenic
Zones

• Intensity-
distance relation 
compared with 
United States and 
Eastern U.S. 
Attenuation law 
by Algermissen & 
Perkins, 1976 is 
chosen 
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Probabilistic Hazard MapProbabilistic Hazard Map
By: By: KhattriKhattri et al., 1984, et al., 1984, TectonophysicsTectonophysics



5 December 2006 Seismic Hazard in Asia 8

GLOBAL SEISMIC HAZARD ASSESSMENT GLOBAL SEISMIC HAZARD ASSESSMENT 
PROGRAM (GSHAP)PROGRAM (GSHAP)
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GSHAP in Indian subcontinent, 
Bhatia et al., 1999, Annali di Geofisica
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GSHAP in Indian subcontinent Contd…..
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H I M A L A Y A S

T I B E T A N
P L A T E A U

Kangra Array

UP Hills Array

Shillong Array

Delhi

Moradabad

Lucknow

Patna

Kolkata

Epicentres
Stations

A recent study on Attenuation law 
Parvez et al., 2001, GJI

Strong motion arrays and epicenter of recorded events
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Data distribution with distanceData distribution with distance
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Campbell (1997)

Joyner & Boore (1981)

Fukushima & Tanaka (1990)

Campbell (1997)

Joyner & Boore (1981)

Kawashima et. al. (1986)
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a
In the strong motion In the strong motion 
data  analysis, instead data  analysis, instead 
of empirical formulae, of empirical formulae, 
we performed the  we performed the  
reduction of the reduction of the 
observations  to a fixed observations  to a fixed 
distance and  distance and  
magnitude using magnitude using 
independently  defined independently  defined 
distance and magnitude  distance and magnitude  
trends.trends.
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Linear Fit (TH-6)
Linear Fit (TH-5)
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WH-2
EH-4

(a)

(b)

(c)

EH-2SL

F & T
AMB
CAM

Qa=300
Qb=1200
     =0.40γThe plot of peak horizontal 

acceleration reduced at 100 
km distances versus moment 
magnitude and the regression

The plot of peak horizontal The plot of peak horizontal 
acceleration reduced at 100 acceleration reduced at 100 
km distances versus moment km distances versus moment 
magnitude and the regressionmagnitude and the regression

The plot of peak horizontal 
acceleration reduced at 100 km 
distances versus moment magnitude 
and the regression after separating in 
Eastern and Western parts.

The plot of peak horizontal The plot of peak horizontal 
acceleration reduced at 100 km acceleration reduced at 100 km 
distances versus moment magnitude distances versus moment magnitude 
and the regression after separating in and the regression after separating in 
Eastern and Western parts.Eastern and Western parts.

The plot of peak horizontal 
acceleration reduced at 100 km 
distances and at Mw=7.0 using 
Fukushima and Tanaka, 1990 
versus moment magnitude and 
the regression

The plot of peak horizontal The plot of peak horizontal 
acceleration reduced at 100 km acceleration reduced at 100 km 
distances and at Mw=7.0 using distances and at Mw=7.0 using 
Fukushima and Tanaka, 1990 Fukushima and Tanaka, 1990 
versus moment magnitude and versus moment magnitude and 
the regressionthe regression
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The important outcome of The important outcome of 
this study is the  presence this study is the  presence 
of unusually high levels of of unusually high levels of 
epicentralepicentral amplitudes for amplitudes for 
eastern subeastern sub--region which is region which is 
almost three times that of almost three times that of 
western region.western region.
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Similar trend was seen for Similar trend was seen for 

peak Velocity attenuationpeak Velocity attenuation
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Stable Continental Reg.

1897, M8.7

1950, M8.6

1934, M8.3

1811, M8.0
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California

Comparison of IComparison of I100100 (Intensity at 100 km) of Indian (Intensity at 100 km) of Indian 
earthquakes and other earthquakes and other seismogenicseismogenic zone of the world.zone of the world.
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Deterministic Seismic Hazard in India and Deterministic Seismic Hazard in India and 
Adjacent AreasAdjacent Areas

ParvezParvez et al., 2003, GJIet al., 2003, GJI

1. Instead of using extremely dense set of recording instruments and then 
waiting  for strong earthquakes to occur in likely focal regions to 
measure ground motion, it is wise to go for realistic modelling of ground 
motion with the available geological, geophysical, seismological and 
seismotectonic data applying modern theories for the forward and the 
inverse problems using available high memories and fast computers. 

2. A complete database of predicted strong motion histories for 
all sites and possible focal mechanisms can be constructed.  
This database can then, naturally, updated continuously by 
comparison with incoming new experimental data
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SEISMOGENIC SOURCE ZONE

The Input Parameters used for deterministic HazardThe Input Parameters used for deterministic Hazard
(Costa et al., 1993; (Costa et al., 1993; PanzaPanza et al., 1999)et al., 1999)

FAULT  PLANE SOLUTION

EARTHQUAKE CATALOGUE

STRUCTURAL MODEL
(Vp, Vs, Qp, Qs, ρρρρ)
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General General 
Geological Geological 
and Tectonic and Tectonic 
map of the map of the 
Indian Indian 
SubcontinentSubcontinent
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40 40 SeismogenicSeismogenic
Zones drawn on Zones drawn on 
the basis of the basis of 
clustering of clustering of 
events, geology events, geology 
and tectonicsand tectonics
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The The seismicityseismicity map map 
obtained from the obtained from the 
earthquake catalogue earthquake catalogue 
has been smoothed into has been smoothed into 
a grid cell of 0.2a grid cell of 0.200x0.2x0.200

(lat. and long.) by (lat. and long.) by 
applying a centered applying a centered 
smoothing window. smoothing window. 
After the smoothing of After the smoothing of 
seismicityseismicity, only the , only the 
sources falling within the sources falling within the 
seismogenicseismogenic zones are zones are 
taken into account for taken into account for 
the computation of the computation of 
synthetic seismograms.synthetic seismograms.
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The boundaries of The boundaries of 
regional structural regional structural 
polygons that polygons that 
separate areas separate areas 
characterized by characterized by 
different different 
lithopshericlithopsheric
properties. Each properties. Each 
polygon is polygon is 
described by the  described by the  
number of flat number of flat 
layers with layers with 
thickness, density, thickness, density, 
PP-- and Sand S--wave wave 
velocities and velocities and 
corresponding Q corresponding Q 
values at the values at the 
bedrock level.bedrock level.
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The average The average 
lithosphericlithospheric
structures for the structures for the 
regional structural regional structural 
polygons shown in polygons shown in 
the previous slide. the previous slide. 
Density in g cmDensity in g cm--33, , 
PP-- and Sand S--wave wave 
velocities in km svelocities in km s--11, , 
and the and the 
corresponding corresponding 
quality factor are quality factor are 
shown for the first shown for the first 
100 km of depth.100 km of depth.
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The final hazard The final hazard 
map showing the map showing the 
Design Ground Design Ground 
Acceleration (DGA)Acceleration (DGA)
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The final hazard The final hazard 
map showing the map showing the 
peak velocity peak velocity 
(VMAX)(VMAX)
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The final hazard The final hazard 
map showing the map showing the 
peak displacement peak displacement 
(DMAX)(DMAX)
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Comparison and 
validation of the synthetic 
signals with the observed 
strong motion amplitudes 

in three earthquakes of 
Himalayan region

Comparison and Comparison and 
validation of the synthetic validation of the synthetic 
signals with the observed signals with the observed 
strong motion amplitudes strong motion amplitudes 

in three earthquakes of in three earthquakes of 
Himalayan regionHimalayan region
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MicrozonationMicrozonation and Site Specific Ground and Site Specific Ground 
Motion Motion ModellingModelling

Site-specific ground motion modelling for microzonation studies is still under 
progress in India. Few studies are already underway towards the microzonation of 
Delhi, Sikkim Himalayas, Jabalpur, Guwahati etc. But, still many more 
megacities and urban areas which are under seismic threats need to be addressed 
for site-effect studies.

There are few research work being done in this direction

1. Nath et al., 2000. Sikkim Himlayas

3. Mukhopadhyay et al., 2002 Delhi

2. Parvez et al., 2002, 2004, 2006 Delhi
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SiteSite--specific ground motion specific ground motion modellingmodelling in Delhiin Delhi
ParvezParvez et al., 2002, 2004et al., 2002, 2004
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GEOLOGICAL MAP OF DELHI AREA

Geological Map Geological Map 
of Delhi and the of Delhi and the 
two crosstwo cross--
sections NS and sections NS and 
EW along which EW along which 
the computations the computations 
were donewere done..
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Sewanagar Boat Club ISBT
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Pusa Road Tilak Bridge
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Distance from the source

SubSub--surface surface 
structural structural 
parameters parameters 
used for the used for the 
study. The study. The 
profiles are profiles are 
taken from taken from 
IyengarIyengar
(2000).(2000).
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Schematic representation of the Schematic representation of the 
hybrid techniquehybrid technique

1-D Model 2-D Model
Receivers

Modal summation synthetic 
seismograms as input to 2-D
finite difference modelling.
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The amplification The amplification 
and frequency and frequency 
plotted together plotted together 
along the NS along the NS 
profile for all the profile for all the 
three componentsthree components. 
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The amplification The amplification 
and frequency and frequency 
plotted together plotted together 
along the EW along the EW 
profile for all the profile for all the 
three components.three components.
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In
Influence of source distance on siteInfluence of source distance on site--effectseffects

ParvezParvez et al., 2006, et al., 2006, CurrCurr. Sc.. Sc.
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Comparison of Comparison of 
spectral ratios of spectral ratios of 
simulated and simulated and 
observed records observed records 
at three sites in at three sites in 
Delhi.Delhi.
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The bedrock level ground motion simulated in Delhi city using a The bedrock level ground motion simulated in Delhi city using a scenario scenario 
earthquake in central Himalaya using extended source; the parameearthquake in central Himalaya using extended source; the parametric tric 

tests by changing the striketests by changing the strike--receiver angle.receiver angle.

Vertical North-SouthEast-West
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Peak values ~ strike receiver anglePeak values ~ strike receiver angle
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ConclusionsConclusions
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