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Institute of Seismological Research (ISR)
1. Reducing the Impacts of Natural Disasters
2. Creating a Safer Future
3. Recording Pulses of Planet Earth, Foretelling Disastrous Situations
Coping with disasters - whether natural or attributable to human activity - is one of
the greatest challenges of the applications of science and technology in the 21st
Century.
Human beings have been trying to withstand the fury of floods, typhoons,
downpours, epidemics, famines, earthquakes and tsunamis, but, more often than
not have failed to tame nature. The attempts to predict the unpredictability, the
predicaments when nature goes berserk have only added to the knowledge of
humans trying to get a forewarning.
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Prevention of Natural Disasters is set to play a
prominent role in global efforts to reduce human suffering and damage to natural and built
environments. Disaster reduction is both possible and
feasible if the sciences and technologies related to
natural hazards are properly applied.
While we cannot prevent an earthquake or a hurricane
from occurring, or a volcano from erupting, we can
apply the scientific knowledge and technical knowhow that we already have to increase the earthquake
and wind resistance of houses and bridges, to issue
early warnings on volcanoes and cyclones and
organize proper community response to such
warning.
The seismological changes that happen beneath the
earth's crust have been of interest to humans as they
provide insight into the 'whys', 'hows' and 'when' of

earthquakes that cause irreparable and immense
damage to human lives.
Globally, seismological research has been at the
centre for many scientists to find ways to predict
earthquakes and get those 'precious' seconds before
the catastrophe strikes to be able to save the
invaluable lives.
Gujarat has had its share of catastrophes. The State of
Gujarat has suffered large earthquakes in - 1819, 1845,
1847, 1848, 1864, 1903, 1938, 1956 & 2001 (9 times in
past 200 years). The 2001 Kutch earthquake was the
third largest and second most destructive earthquake
in India over the last two centuries. The January 26,
2001, earthquake saw thousands perish and
innumerable people losing their entire life earnings in
a matter of seconds.
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The Formation of Institute of Seismological Research, Gujarat
The tragedy of January 26, 2001 marked a turning point in the disaster awareness
and preparedness in the state of Gujarat. This earthquake killed 14000 people,
injured over 1,70,000 individuals and destroyed 1.2 million houses, thousands of
classrooms and numerous other facilities.
Since this earthquake, the state has been swift in putting its act together and
preparing itself for such calamities. The Gujarat Government decided to set up a
state-of-the-art institution to listen to the heartbeats of the earth and develop a
system that could forewarn people in case of a tremor. Today, Gujarat houses the
Country's only Institution – Institute of Seismological Research (ISR) - that is fully
dedicated to seismological research.

:
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Investigation
for Societal
Problems and
industrial needs
Carrying Out
Hazard
Assesment and
Mitigation
Creating Public
Awareness and
Human
Resource
Development
Safe
Guarding Life
and Property

The Institute of Seismological Research (ISR) was
established by the Science and Technology
Department, Government of Gujarat on July 08, 2003
and is functional since 2006. The ISR has been
registered as a Society under the Societies
Registration Act.
ISR is unique in India as it is fully dedicated for multidisciplinary research in the field of Seismology. It
carries out research in 16 branches of earthquake
science. Several national and international experts
expressed that this Institute is bound to be developed
as one of the best Centre in the world of Seismology
due to all round facilities available and beautiful
ambience of the campus and city.

The overall strategy adopted is to conduct all
seismological research and disseminate this knowledge
to citizens of Gujarat and further across India. The work of
the Institute can be categorized into five areas: (i)
Earthquake Monitoring, (ii) Study of Physics of the
Earthquake Processes, (iii) Earthquake Hazard
Assessment using Geophysical Surveys, GPS studies and
paleoseismology, (iv) Earthquake Prediction Research
and (v) Seismic Microzonation. Several new studies were
started and significant findings from these studies will
help in understanding physical processes of earthquake
phenomenon and seismic hazard assessment.
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Help to Industries
ü Nuclear, Hydro & Geothermal Energy
ü Petroleum
ü Port Areas
Seismic Hazard Assessment
Seismic Microzonation

Not only Applied but Basic
Research also like “Phys. of
Earthquake Process”

ISR

Shake Map on WEB
soon after earthquake

Earth Science Education
ü M.Sc. (Tech) in
Geophysics
ü PhD & M.Tech.
Dissertation
ü Training of more than
100 students/year
Tsunami Warning
Information about
earthquakes within
minutes

SEISMOLOGICAL STUDIES IN A NUTSHELL
A dense seismograph network provides catalogues of precise earthquake information. This
information coupled with geodetic and geophysical data; Paleoseismology and quantitative
geomorphology, an active fault map of Gujarat was prepared and continuously monitored for
time and space earthquake prognosis. Earthquake damage depends on ground condition and
distance. Different heights of buildings are differently affected as per their natural periods
resonating with different amplified frequencies of seismic waves. The effect could be different in
different parts of cities as noticed in Ahmedabad during 2001.
Hence, seismic microzonation of different cities has been undertaken. Seismic safety factors have
been estimated for fast coming up industry, high-rise buildings, clusters of sky-scrapers, critical
installations like nuclear power plants, petrochemical industry, LNG storage terminals etc. The
data is freely shared with different stake holders, public and students for M. Tech. and PhD via
website and personal contacts. Various step-wise efforts undertaken to set up an effective
seismological center in Gujarat are as enlisted below:
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Major Programmes

Networks

* 60 seismic stations
(Broad Band Seismographs and Strong Motion Accelerographs)
* 25 Permanent GPS and InSAR
* 3 Multiparametric
* Geophysical Observatories LABS:
* Seismic data analysis centre
* Engineering Geophysics Lab

Laboratories

* Geotechical Lab
* Optically Stimulated Luminescence lab

* Real Time kinematic GPS
* Total Station

Land Survey

Staff

* Geological mapping

*

12 Core Scientists

*

30 Geologists/Geophysicists

*

15 Research Scholars

Earthquake Information
ISR is monitoring seismicity in Gujarat with a dense network of over 60 seismic stations. The seismic data is
received via VSAT at ISR data centre round the clock. All earthquakes taking place in Gujarat of magnitude greater
than or equal to 2.5 are well recorded. Earthquakes of magnitude greater than or equal to 5 from anywhere in the
world are usually recorded.
Information of earthquake epicentre and magnitude is sent to various government authorities, disaster management people
and to public/media through its website, SMS, mail and fax within few minutes of the recording of seismic waves.

Seismic Hazard Assessment
Earthquake hazard assessment is done at ISR from macro to micro level. At macro level, the institute has prepared
Probabilistic Seismic Hazard Assessment map of India for the Bureau of Indian Standards (BIS). Vulnerability of coastal
installations from earthquakes and tsunami is being studied in coasts of Gujarat. Site Characteristic Map of Gujarat has been
prepared based on Vs30 (shear – wave velocity to 30m depth) measurement by shallow seismic MASW and PS logging.
Estimation of seismic hazard has been completed for ports and jetties in Gujarat, Nuclear Power Plants, Gift City, Sardar Patel
Statue of Unity, LNG Storage Terminal (Mundra) and 15-storey V. S. Hospital in Ahmedabad.
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Seismic Microzonation

Tsunami Hazard Assessment

ISR is carrying out Seismic Microzonation of different
cities and provides knowledge for seismic safety
factor to be considered for each region of Gujarat for
different heights of buildings. From this study,
structural response curves are determined which
give acceleration for different natural periods in 200250 m grid. This analysis involves geotechnical
investigations through numerous boreholes and
geophysical measurements of seismic wave
velocities. The liquefaction potential is also assessed.
ISR has completed seismic microzonation of
Ahmedabad and Gandhinagar cities, GandhidhamKandla area, GIFT, statue of UNITY and Dholera
Special Investment Region, and is carrying out
seismic microzonation work for Surat, Bharuch, and
Jamnagar districts of Gujarat.

ISR is carrying out assessment of Tsunami hazard and
providing safety factors for Tsunami Resistant
Designing of different types of structures, such as
nuclear power plants, ports and jetties, and oil
pipelines etc. Modelling of possible Tsunami from
Makran and Andaman – Sumatra subduction zones
has been carried out. Arrival time of Tsunami, wave
height and inundation distance are estimated. All this
will be helpful in mitigation of disasters due to
Tsunamigenic earthquakes.

Long-term Hazard Assessment
ISR is actively involved in earthquake forecasting
studies through long-term assessment of earthquake
potential across different faults. Though earthquake
prediction is still a matter of research, assessment of
long-term earthquake hazard will help builders,
architects and engineers to design earthquake
resistant buildings to save precious lives. For longterm assessment of earthquake hazard, a map of
geological faults of Gujarat has been prepared and
the faults are investigated with various types of
geophysical surveys. For long-term assessment of
earthquake potential, a dense network of 25
permanent and 11 campaign mode GPS stations have
been deployed which detect movements as small as
1-2 mm/yr. Vertical deformation is being monitored
by InSAR study in collaboration with SAC-ISRO,
Ahmedabad. Remote sensing and geomorphological mapping is done for Active Fault

Tsunami Alert: A great earthquake along Makran
coast of Iran and Pakistan can generate a tsunami that
can be disastrous for west coast regions of India.
Round the clock watch is kept for any large
earthquake along Makran coast.
Arrival time of tsunami is 2 – 3 hours or more and alert
will be issued within 10-15 minutes. Arrival times,
amplitude and inundation areas are already modelled
and informed to the affected areas. Phone numbers
are stored in our data centre for critical installations in
Gujarat which will be directly alerted.

Earthquake Prediction Research
ISR carries out research on medium and short-term
earthquake forecasts by measuring several types of
precursory phenomenon. It has established 3 Multi
Parametric Geophysical Observatories (MPGO) in
Kachchh for earthquake prediction research where 11
types of precursory parameters are being observed.
Data of 3 MPGOs are being used to study the
earthquake precursors. Precursory signals were
observed in radon, magnetic fields and water levels.
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Place

Lakhpat
Koteshwar
Jakhau
Mandvi
Mundra
Kandla
Okha
Salya
Sikka
Bedi
Navlakhi
Dwarka
Veraval
Navibandar
Gulf of Kambhat
Suvali
Mumbai
Goa
Karwar
(Karnataka)
Mangalore

Arrival
Time
(hrs)
2.45
2.55
3.02
3.10
3.20
3.30
2.35
3.05
3.15
4.02
4.45
2.10
2.52
3.02
5.30
5.10
4.45
3.08
3.12

Max.
Amp(m)
(M8)
1.2
1.5
2.5
1.0
1.2
1.8
2.0
1.2
1.2
1.5
1.5
2.0
1.0
1.2
1.5
0.4
2.0
1.0
1.0

3.36

1.0

Tsunami Amplitude and Tsunami Inundation
Map for Gujarat (top left) and Expected
arrival time and max amplitude if Tsunami
originates from Makran coast (left)
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Earthquake Process

Earth's Structure

Seismic Data is used for knowing fault geometry,
subsurf ace str uctures, cluster ing patter n,
seismogenesis, source parameters, statistical
analysis, etc.
These studies are helpful in better understanding of
earthquake processes and estimation of seismic
hazard.

Seismic, Gravity, Magneto-Telluric, Resistivity, and
GPR geophysical surveys are being carried out for
study of crustal structure and faults. ISR has mapped
crustal and lithospheric structures beneath Kachchh
and Saurashtra regions. Some anomalous subsurface
layers are identified which are apt to accumulate
stress/strain. Some anomalous properties provide a
clue to understand what instigates the rupture
propagation and its cessation during the earthquake.
This study is also useful to map hidden faults.

Archaeology
With objective to generate 3D topographical and
road network map of the Vadnagar mound an
investigation of Vadnagar archaeological site has
been done in collaboration with Gujarat state
Archaeological department. Survey was carried out
by using Real Time Kinematic (RTK) and Total station
geodetic surveys. Covering all the roads and streets
more than 5400 points were generated and a Digital
Elevation Model (DEM) map along with present day
road network has been generated. The modern
technique used has reduced the cost and time of the
project significantly.

ISR has pioneered a technique of 3D fault mapping by
magnetotellur ic investigation which gives
subsurface information up to 40 km depth. ISR is
using this technique for finding hidden faults and
geothermal investigations. GPR surveys have been
conducted to delineate subsurface faults in Talala
and buried old oil pipelines of ONGC in Ankleshwar.
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ISR has done gravity measurements at about 2000
locations so far in state. Delineation of faults and
basement structure in Kachchh has been done using
high resolution gravity survey. Surface upliftment/
subsidence are also mapped in Kachchh region.

Paleoclimate
ISR has initiated paleoclimatic research with an
objective to study the climatic fluctuations in Gujarat
during the last 10,000 years. The mudflats of Gulf of
Kachchh and Gulf of Khambhat have been identified
as sites with strong preservation potential for
archiving high resolution climatic signals.
Preliminary analysis of one such shallow core shows
indication of stronger monsoonal conditions Between
750 AD to 1250 AD.

Water Resources
ISR has carried out the Resistivity surveys at various
places in Gujarat and TDEM survey in Rajasthan.
A horizon of potable water at 250 m depth below the
layer of saline water in Ramgarh area near Jaipur,
Rajasthan was discovered. Finding water in perched
Rajasthan is like finding gold. With the aid of remote
sensing and ground check by geological and
geographical surveys mapping of paleo river
channels in Kachchh has been done which could be
source of potable water.
In addition to this Hydrogeologic modelling and
mapping of paleochannels in Kachchh is carried out.

power plants. At Kakrapar and Rawatbhata plants
NPCIL was struggling for over 3 years for clearance
from Atomic Regulatory Board to construct additional
units. With ISR's help NPCIL got clearance within
months.

Hydrocarbons Prospects
ISR has acquired low frequency passive seismic
signals (micro tremors) for quick assessment of
h y d r o c a r b o n i n a n d a r o u n d
Ahmedabad/Gandhinagar region. ISR has carried out
a 2D profile survey over the known oil field of Cambay
basin and found hydrocarbon indicator.
The technique may save significant time and cost
required in preliminary surveys presently.

Help to Industries
Builders, industrialists from institutes such as Indian
Concrete Institution, certain cement plants of state
take regular help of ISR for various seismic
investigations. Advice of seismic safety factor was
given for numerous structures of societal importance
like solar parks, new railway stations and nuclear

Mineral Resources
ISR determined thickness of limestone bed in Lakhpat
area of Kachchh by geophysical surveys in order to
estimate the royalty amount to be charged from
miners. In absence of such surveys the Govt. loses a
lot of royalty due to underestimation.
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Education
ISR has MoUs with several Universities like PDPU Gandhinagar, VelTech University Chennai, Charotar Institute of
Technology Changa, Centre of Exploration Geophysics, Osmania University, Hyderabad, Department of
Geophysics, Kurukshetra University, Haryana and Ganpat University Mehsana. ISR Staff members give lectures in
these universities and every year train about 100 students from all over India by way of MSc/Mtech dissertation and
PhD thesis.
Exhaustive catalogues and other data on earthquakes in Gujarat as well as other states shared with ISR website is
used for M.Sc./M.Tech. dissertation and PhD thesis by students as well as researchers.
Every year ISR organizers national/International training courses attended by many Indian and foreign scientists,
vouching for the great efforts of ISR.
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Public Awareness
ISR runs several programs to create awareness among
people and allay their unnecessary fear and anxieties
about earthquakes. It puts stalls in mega events at
Vibrant Gujarat, Science City and Universities etc
with demo of online seismic data, tsunami animation,
earthquake effects on buildings and how to safeguard
from them. It has open doors for public and students
with thousands of footfalls annually. Up-to-date
information about earthquakes is disseminated
through website which has hundreds of hits daily.

Help to other States
Assam, Bihar and Kerala have requested ISR for help
to establish their own Seismic Network. ISR has
prepared White paper for establishment of “Assam
Institute of Seismological Research” and reviewed
“Guwahati Seismic Microzonation Report” prepared
by MoES for Assam Disaster Management Authority.

Project/Works with National Agencies
* Worked out response spectra for some nuclear power plants like Kakrapar and Rawatbhata and helped in
getting clearance of Nuclear Regularity Board for construction of Additional units.
* Seismicity Study and advice for Subansiri Lower Hydroelectric Project of NHPC in Assam as well as some
other projects in Himalaya.
* Four projects with ISRO on
* Earthquake Vulnerability Assessment in Gandhidham area
* Crustal Deformation Study
* Calibration of Earth Satellite
* Calibration of transmission satellite
* Seismic Hazard Assessment of the Industrial sites in Kachchh, a project for BARC.
* Completed three MoES Central Govt. Project during 2014 on
* Seismic Microzonation of Ahmedabad
* Vulnerability assessment of ports
* 3D geological fault modelling by magneto telluric geophysical survey in collaboration with NGRI,
Hyderabad.
* Seismological studies in Gujarat
* Crustal Deformation Studies in Narmada region

#

129

International Projects
* GeoForschungs Zentrum, Potsdam, Germany; ETH Zurich and National University of Taiwan for software
development applied to Earthquake Early Warning System.
* Department of Mathematics and Geosciences, University of Trieste, Italy for neodeterministic modelling of
strong motion using European e-infrastructure of CLOUD and GRID Computing.
* Karlsruhe Institute of Technology, Germany for probabilistic analysis of Seismic Losses for urban areas and
lifeline networks in Kachchh.
* Institute of Earth Sciences, Academia Sinica for 3D Waveform tomography and Lg attenuation for Kachchh.
* Aichi Institute of Technology and Kyoto University, Toyota, Aichi, Japan for Strong Ground Motion
Assessment.
* Institute de Physique de Globe du Strasbourg, France for analysis of superconducting gravity data.
* Department of Palaeontology, Eotvos University, Hungary for Neotectonics.
* Colorado University for Active Fault Study.
* National Centre of Earthquake Engineering Research, Taipei,Taiwan for crustal structure study.
* Laboratory of multilevel geophysical monitoring St. Petersburg, Russia for development of new
methodology for short term earthquake prediction by acoustic and electromagnetic harbingers in Kachchh.

Activities of Societal Importance
* The Institute is helping Gujarat State Disaster Management Authority (GSDMA) in framing municipal laws to
enforce earthquake safety norms.
* Geophysical surveys for four sites (TUWA, Chabsar, Dholera and Unai) in Gujarat to start 1 MW geothermal
pilot project.
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Selected Awards
*

National e-Governance Gold Award
2013-14 was bagged on “Effective Seismological
Monitoring Through e-Governance to Save Lives
and Damage due to Earthquakes” from Ministry of
Personnel, Government of India, New Delhi.

* ISR received SKOCH ORDER-OF-MERIT Award,
2014 for 'Seismological Studies in Gujarat to save
lives and damage due to Earthquakes and
Tsunami' which qualifies in “INDIA'S BEST
GOVERNANCE PROJECTS-2014” on 19-09-2014.
ORDER-OF-MERIT is given for “Minimum
Government, Maximum Governance”.

Selected Scientific contributions
* Breakthrough in understanding of intraplate rift
valley earthquakes has been provided by InSAR
and GPS observations in Kachchh which indicate
ongoing geodetic deformation attesting to active
tectonics in Kachchh in contrast to no such
observation in the World.
* Important revelation from GPS studies is that the
Narmada area of western Maharashtra close to
Gujarat shows 3-4 mm/yr displacement towards NE
indicating possibility of stress build-up in the area.
* Our findings suggest that a tsunami wave of atleast
3.5 m height had hit the coastline of Saurashtra in
last 3000 years. The signatures of this are found in
the form of coastal boulders from Diu, and southern
Saurashtra coastline.
* ISR data and results about microzonation and intraplate earthquakes have been appreciated by many
countries as such data world-wide is meager and
our data is multi-disciplinary with most modern
instruments. Example, renowned Japanese expert
in seismic microzonation appreciated ISR
geotechnical and geophysical data in 2009, ii. A

team of 10 US scientists appreciated ISR intra-plate
earthquake data during 2012 Indo-US conference,
iii. Pradeep Talwani, Emeritus Professor, Univ.
South Carolina remarked in the book “Intraplate
Earthquakes” published in 2014 by Cambridge
Univ. Press that ISR data on Kachchh is most
detailed, incredible and acquired with modern
instruments and has enabled new ideas of
understanding such earthquakes, iv. Dr. Katsu
Goda, a Japanese Sr. Lecturer at Bristol Univ., UK
remarked that ISR strong motion, geotechnical and
geophysical data is outstanding and is as detailed
as that in Japan and ISR analysis is appreciated by
seismologists in California, v. Prof. Giuliani Panza
and his team of Trieste University commented that
ISR data is excellent, vi. Professor Friedemann
Wenzel of Karlsruhe Institute of Technology has
written that ISR data is of World standard.
* ISR has started preparing Geotechnical atlas of
Gujarat using borehole and geotechnical data of
the state.This is first such initiative in India.
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