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The Indian subcontinent is seismically one of the most active regions in the world, having experienced 
5 earthquakes of magnitude greater than 8.0 during the last century, mostly along the plate boundaries 
comprising the Himalayan arc in the north and the Burmese arc in the east. However, more recently, 
occurrence of moderate sized earthquakes within the so-called 'Stable continental Region' (SCR) has 
lead to wide spread concern regarding its seismic hazard potential and the consequent threat to the 
highly populated areas. The occurrence of intra-plate earthquakes in Latur (1993, M6.3), Jabalpur 
(1997, M5.7) and more recently in Gujarat (2001, M8.0), coupled with a clear lack of strong motion 
observations, has necessitated Seismic Microzonation approaches for assessment of seismic hazard 
potential of several Indian megacities facing the wrath of future earthquakes. 
In the aftermath of the 21 May 1997 Jabalpur earthquake (Mw 5.7) in central India, a number of 
geological, geotechnical, geophysical and seismological studies have been carried out in the 
meisoseismal area, towards gathering inputs for realistic assessment of seismic hazard and the 
associated risk to the region.  This program was sponsored by the Department of Science and 
Technology, and involved participation of various organizations like GSI, NGRI, IMD and CBRI. 
In a multi-Institutional seismic field experiment in Jabalpur the response of the local sites in terms of 
ground amplification in a frequency range of 0.1 - 10 Hz has been obtained at more than 100 sites in 
and around Jabalpur, using the conventional Nakamura technique. A user-friendly software 
(NAKAM) was developed at NGRI based on the SEISAN software, to estimate the predominant 
frequencies and the site amplification at those frequencies for each site. The peak amplification in 
Jabalpur is found to range from 1 to 8. A strong correlation is seen between the predominant 
frequencies and the ground conditions, like the local geology, the composition of the top soil cover, its 
thickness, impedance contrast with the basement, etc.  
A shallow seismic field experiment was carried out by NGRI in Jabalpur at the same sites that were 
occupied for the Site response studies, enabling a validation of the site response observations. Shallow 
shear wave velocity structure was estimated at each of these locations using the Multichannel Analysis 
of Surface Waves (MASW) technique, coupled with refraction measurements over short profiles 
(~100m), using a sledge hammer source. This has resulted in detailed shear velocity images of the 
shallow subsurface, which are crucial for estimation of the amplification of seismic signals 
propagating through the medium. 
The availability of such detailed inputs have further enabled a detailed numerical modeling study for 
realistic estimation of the seismic hazard potential due to the site amplification caused by the shallow 
top soil cover in the Jabalpur region. In this study, shear velocity images from shallow seismic surveys 
in the Jabalpur region were used to construct 2D depth sections along 6 profiles spanning all the 
geological units. Synthetic seismograms were generated using a hybrid method comprising normal 
mode summation for the regional 1D structure and the Finite difference approach for site specific 2D 
structure of the medium. Local site amplifications expressed as the Response Spectral Ratios (RSR) - 
the ratio of 2D to 1D ground acceleration response - were estimated. In general, the RSR values 
correlated well with the composition and thickness of the upper soil cover. The alluvial filled region in 
the northwestern part of Jabalpur having soil thickness up to 30 - 50m, showed the highest 
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amplification, with RSR ranging from 4.0 to 6.0, predominantly in the frequency range of 4-5 Hz, and 
can be regarded as the most vulnerable area with reference to a future moderate sized earthquake in 
this region. Also, the areas covered with Lameta sediments in the west and northeast have thicker soil 
cover and indicate RSRs which are twice that of the adjoining Deccan trap areas. The Gondwana 
sediments are an exception where, in spite of thick soil covers, lower RSR values are observed which 
are about half of that in the alluvial regions with similar thicknesses. This is probably due to the 
compactness of the sedimentary formations in the former as compared to the loose, low velocity and 
low density alluvium in the latter. 
The lessons learnt from the pilot study of MZ of Jabalpur call for standardization of approaches to 
minimize subjectivity. For example the two fundamental approaches to determine the base hazard in a 
region (probabilistic and deterministic) though rely on similar inputs could yield different values of 
hazard. In view of the paucity and incompleteness of earthquake catalogs particularly for intra-plate 
regions, evaluating the seismotectonic models for a given region which are so critical for hazard 
estimation are hampered.  Also, lack of good strong motion data bases for the Indian region necessitate 
use of global attenuation models, irrespective of the tectonic set up.  The site amplification values used 
as multipliers to the base hazard to obtain site specific estimates are also ill constrained. The 
Nakamura technique, which is most popular for site response does not adequately estimate the 
amplification values. Importantly, there is a need to evolve strategies to convolve the site specific 
responses with the hazard values obtained from other studies. 

 
 
 


