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Abstract

This paper study the recent seismicity in Earthquake hazard zones in India. A large historical earthquake event catalog to cover the
period of 1900-2018, the parameters date, time, latitude, longitude, depth and magnitude has been used to calculating frequency-
magnitude distribution (b-value) of seismic hazard zones in India. To convert different magnitude scales into a single moment
magnitude scale, the general orthogonal regression relation is used. Gamma distribution used for variable corrections also de-clustering
method has used for removal of any non-Poisson distribution. The Indian seismic hazard zones are divided into five major seismic
sources zones. The seismicity is characterized by Gutenberg-Richter relation. The parameter ‘b’ of FMD and relationship have been
determined for these five seismic zones having different vulnerability environment. The ‘b’ values ranges between 0.43 to 1.16. The
difference between the b parameters and seismic hazard level from seismic zones Il to V considered for the study of high seismo-
tectonic complexity and crustal heterogeneity, the parameter ‘a’ value changes accordingly the seismicity of the regions. The lowest b-
values found in seismic zone Il. The highest FMD b-value has been found in the seismic zone V. Such high seismicity b-values may
be associated with high heterogeneity. In this high b-value predict the low strength in the crust as well as seismic instabilities of that
zone. These observations recommend not suggesting the location of important projects like atomic power stations, hydroelectric power

stations, neutrino observatory projects, satellite town projects.
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1. Introduction

Natural disasters are inevitable, researchers attempt
numerous times to understand and try to predict this
natural phenomenon, but it has yielded partial successes.
The primary goal of this study, mainly focusing the
relation and ratio of the parameters a and b from the
Gutenberg-Richter relation from the different seismic
zone of India, also comparing the relation between the
tectonic structures and value differences. Several
researchers calculated different parameters of seismicity
from various seismic active zones of India. Gutenberg-
Richter (G-R) relates the empirical relationship between
frequency and magnitude of earthquake occurrences.
Also, Gutenberg-Richter (1944) estimated the parameters
aand b, frequently these parameters are used to statistical
calculation of seismicity. From region to region and
seismicity rate, the parameter a varies greatly (Olsson
1999). Tectonic characteristics of a region and focal
material are deciding the parameter b (Wang 1988).
Large magnitude earthquakes because of the regions with
low apparent stresses resulting in low b-value. For
different regions, high module values are presented, also
cross variations of the parameters (a & b) values (Yusuf
et al. 2002). Parameter b is related to properties of focal
materials (Schorlemmer et al. 2003). High b-values
characterized populations of body-wave magnitudes
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(Emile AO et al. 1994). Changes in b values show
temporal variation in a broad range also drops in b at the
of two large events 2002 & 2004 in Andaman, this b
value deflection observation helps in medium-term
(months, years) earthquake forecasting (Paiboon et al.
2005). Different regions with various time intervals some
empirical scaling functions-based a and b values
proposed (Yilmazturk et al. 1999). High and low seismic
zones of Turkey’s detailed images provided by a/b value
distributions (Yilmazturk et al. 1999; Bayrak et al. 2000).
Before high intensity earthquakes spatial and temporal b
value variations has been observed (Wyss et al. 1988).
Furthermore, b-value slowly decreasing with increases in
depth (Mori et al. 1997). In volcano and magma findings,
anomaly high b-value indicate the location of the magma
sources, also b-value mapping helps to proposing the
locations of magma chambers (Wiemer et al. 1996).
Recently, (Zhou et al., 2018) discussed about crustal
structure’s weak layers using b-value. At low magnitude
range, the b-value reduced two-third, increasing the b
value about b = 2 before the onset of fault width
saturation. In this paper, we have discussed b-value
changes of various regions of India. Particularly we have
chosen four seismic hazard zones in India (Fig 1) and
three historical major seismic zones and analysis the
significances of results. Some of the researchers found
‘b’ parameter changes as shown in Table.1.
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high risk zone and Zone 111 has 30% moderate risk zone,
rest parts are low risk zone 1. The major and capital cities
of Guwabhati, Srinagar, whole northeast states, some part
of Gujarat are located in seismic zone V, while national
capital Delhi is in zone IV and mega cities of Mumbai,
Kolkata and Chennai in zone I11, 38 cities with population
half million and above each and a combined population
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Table 1. b-values parameter ranges
Authors b- parameter changes for different tectonic
areas
Gutenberg and 0.45t01.5
Richter (1954)
Miyamura 04 tol18
(1962)
Tsapanos (1990) | 0.75 to 0.85 (for 11 different seismic region)

2. Indian Seismic hazard zones

India has been classified into different seismic hazard
zones. These zones are classified according to the
intensity of the damages and frequency observed due to
earthquake magnitude occurrences. These seismic hazard
zonation map, (Fig 1) developed on subjective
observations of earthquake magnitude from recent
earthquake catalog information, geo-physical, geology
and tectonic structures of India. In view of earthquake
catalog, magnitude intensity, frequently number of times
occurred in such a way that, Seismologist has classified
four major seismic zones of India, totally 59% of land
area in India as different earthquake prone zones —Zone
V has 11% in very high risk zone, Zone 1V has 18% in

of million are located in these three regions. During the
last century, few earthquakes measuring Magnitude 8 or
more had struck different Indian regions; 1819 Gujarat
(8.2Mw), 1833 Bihar-Kathmandu (8.0Ms), 1897Shillong
(8.0Mw), 1905Kangra earthquake (7.8Ms), 1934 Bihar-
Nepal earthquake (8.4Ms), 1941 Andaman Island
earthquake (8.1My), 1950 Assam earthquake (8.6Mw)
had caused enormous damage to infrastructure and public
and private property. In the recent years, earthquake
damages had been experienced in different regions of
India. Such as1988 Assam (7.2Mw), 1988 Bihar-Nepal
(6.5Mw), 1991 Uttarkashi (6.6Mw), 1993 Latur (6.4Mw),
1997 Jabalpur (6.0My), 1999 Chamoli (6.8Mw) and 2001
Bhuj (6.9Mw), 2004 Indian ocean earthquake (9.1-9.3
Mw), 2005 Kashmir (7.6Mw) and 2015 Gorkha-Nepal
(7.8Mw).
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Fig 1. Seismic Zones of India,
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2.1. The study of the four major seismic hazard zones
of India.

2.1.1. Seismic zone — V: Most seismic active regions and
very Huge damage risk zone, such as Rann & kutch in
Gujarat, portion of Jammu & Kashmir, Himachal
Pradesh, Uttaranchal, entire Andaman & Nichobar
islands and Northeast states of India, some part of Bihar.
In 1905 the largest Kangra earthquake magnitude 8.6
epicenter located in this zone V. around 20,000 people
were killed.

2.1.2. Seismic zone — IV: Lesser risk by earthquakes as
compared to zone V and high-risk zone. It is including
major positions of Jammu &Kashmir, Himachal Pradesh,
National Capital Territory (NCT) of Delhi, Sikkim, North
part of Uttar Pradesh, Bihar and remaining portions of
West Bengal, Gujarat, Maharashtra near the west coast
and Rajasthan.

2.1.3. Seismic zone — IlI: Lesser risk by earthquakes,
moderate damage risk zone. Comprises Tamilnadu,
Kerala, Karnataka, Andhra Pradesh, Odisha, Goa,
Madhya Pradesh, Jharkhand, Lakshadweep islands and
Positions of Rajasthan, Bihar, Punjab.

2.1.4. Seismic zone — Il: Covers maximum remaining
positions of India, these positions are least risks and low
damages from earthquakes.

3. Seismic data source & surveillance

For this present frequency-magnitude analysis, the
seismic data has been cumulated from various
observatory sources. These observatory earthquakes
compiled for the period from 1900 to 2018, data has been
collected from United States Geological Survey (USGS),
Indian Meteorological Department (IMD), International
Seismological Center (ISC) U.K., The main reason for
chosen these catalogs it is more reliability of the location
and quality of seismic data and all the earthquake
magnitudes are converted into same scale and specific
time periods. For this construction of uniform catalogue,
around the world seismic observation centers are not
using uniform magnitude scales they are following
different observation scales, like My(body wave
magnitude), Ms (Surface wave magnitude), M (local
magnitude), Mp(Duration magnitude), Mw(Moment
magnitude), My (Nuttli magnitude), Muyx(Unknown type
of magnitude and intensity). For finding the b-values all
the non-uniform magnitude scales are converted and
constructed into a uniform moment magnitude, only
MMI measurement for pre-instrumental period of the
catalogue also preparation of datasets. These different
types of magnitude scaling have been converted to
moment magnitude numbers using empirical relation Mw
= (2/3 MMI+1), in USGS catalogues magnitude below 4
it is only available in body wave magnitude (My). The
conversion of My, to My, the following conversion formula
derived by Scordilis (2006).

My = 0.85m, + 1.03, for 3.5<mpy<62) (1)

The sources data has been compared with each parameter
and remaining two observation center’s datasets. The
record of every zone’s the dataset collected from these
three-observation center’s maximum number of
earthquakes. By comparing the location and event time
the duplicate events were carefully removed. This
comparison done for each zone till the database is
completed. Final catalog consists of total 2773 number
of earthquake events consider for these four seismic
zones. Seismic hazard zone wise number of earthquakes
has been considering for this analysis as shown in below
Table 2.

Table 2. Different Seismic zones in India with recorded
earthquakes since 1900-2018
Seismic Regions Number of earthquakes.
Zones 1900-2018

Kutch region

Srinagar region

Himachal

\ Uttarakhand

Some part of Bihar
Northeast India

Andaman &  Nicobar

1923(Magnitude > 2)

Islands
Some part of Maharashtra

v Some part of Gujarat 474
Himalayan region (Magnitude >2)
Some part of West Bengal

m Yellow position in the 352
seismic map (Fig 1) (Magnitude > 2.2)
Blue position in the 24

seismic map (Fig 1) (Magnitude > 2.2)

4. Methodology

Generally available earthquake catalog contains the
following parameters like Data, Time, Latitude,
Longitude, Standard Deviation, Earthquake magnitude
and Region. For the preparation of this catalog,
researchers have been using two types of methods. First
method consists of macroseismic observations of major
seismic events that occurred over a period of a few
hundred years, second method consists of complete
instrumental method seismic observations using
seismometer recorded seismic data for relatively short
period of time. These methods are generally used to
estimate the seismic activity parameters (b-value in G-R
equation). All investigations were performed using
ZMAP, this software allows to user to examine
earthquake catalog from various different angle such as,
earth cross-section, time sequence parameters, analyze
historical earthquake catalog data, traditional map,
epicenter depth, data exploration, finding information
about volcano and  magma, frequency-magnitude
relations, tectonic studies, catalog quality assessment and
stress-tensor inversion on a grid to measure the
heterogeneity of a stress field, estimating a and b values,
mapping the magnitude of complete reporting, etc.
(Wimer 2001), also facilitate spatial mapping in various
seismotectonic regions. Seismic zone wise latitude,
longitude and magnitude separation was done by using
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QGIS mapping open source software. This software
support user to analysis the geospatial data, data
virtualization, edit spatial information, composing and
exporting graphical maps. Collected data have been
plotted latitude, longitude and magnitude, also we have
clustered above mentioned seismic zones using selection
method. We have eliminated the poor-quality data when
we plotted the cumulative cure with time and number of
events.

5. Seismic zone wise b-value estimation

We will describe and create a model for populations and
intensities of earthquakes in various seismic zones using
Gutenberg and Richter’s (1954) relationship. Also,
relation defines seismic wave distribution with respect to

magnitude.
The validity of the empirical recurrence relation for
earthquakes.

LogioN=a+bM 2

Where N is the number of events (earthquakes) in the
catalog whose magnitude greater than M, M denote
magnitude. ‘a’ denote a constant whose value may vary
from region to region. ‘b’ will indicate the size of the
events, it will be constant established from an observed
data sample, it has been confirmed in many seismicity
studies also the slop of the Gutenberg-Richter
relationship between frequency-magnitude distribution.
Most possibly a and b are constants linked to the activity
and earthquake size distribution (Gutenberg and Richter,
1944). M. magnitude has been estimated from
Frequency-Magnitude Distributions after completeness
of the seismic dataset (earthquake catalog). For
completeness M, entire magnitude range (EMR) method
detecting self-duplicate datasets of the frequency-
magnitude  distribution (FMD) for  providing
comprehensive, complete, error free seismicity datasets.
Maximum-likelihood method used for finding the b-
value.
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Where, Average magnitude of the events (M), bucketing
width of the earthquake catalogue AMy,;, (Jochen 2005;
Wiemer 2005). The maximum fault area (crustal
segments) is the main reason for larger size of
earthquakes. From the historical catalog, Gutenberg-
Richter’s  frequency-magnitude analysis  produce
N(Mmax)=1. The frequency-magnitude distribution (b-
value) and the seismicity rate (a-value) both are constant
with respect to time. In whole source volume solution,
the parameters a and b are constant. (Wiemer and Wyss,
1997). All investigations of these four seismic zones were
performed using ZMAP. Also, we performed additional
three regions such as west, north, and east part of India as
shown in figures 2 to 10.

5.1. Zone V
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Fig 2. Seismic zone V with 1900-2018 recorded earthquakes. (A) Seismicity map of zone V of Indian region with recorded
earthquakes. (B) Frequency-magnitude distribution for seismic zone V, total number of events containing 1923: here a = 6.652, b=
0.70, lower magnitude cut-off, Mc = 5.2, above samples is considered for calculation.
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5.2. Zone IV
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Fig 3. Seismic zone V with 1900-2018 recorded earthquakes. (A) Seismicity map of zone IV of Indian region with recorded
earthquakes. (B) Frequency-magnitude distribution for seismic zone IV, total number of events containing 475: here a = 8.372,
b=1.16, lower magnitude cut-off, Mc = 5.2, above samples is considered for calculation.



230 Somasundaram et al. / Iranian Journal of Earth Sciences, Vol. 12, No. 4, 2020, 225-239.

5.3. Zone 111
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Fig 4. Seismic zone I11 with 1900-2018 recorded earthquakes. (A) Seismicity map of zone Il of Indian region with recorded
earthquakes. (B) Frequency-magnitude distribution for seismic zone I, total number of events containing 352: here a = 4.950, b=
0.67, lower magnitude cut-off, Mc = 4.3, above samples is considered for calculation.
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earthquakes. (B) Frequency-magnitude distribution for seismic zone I, total number of events containing 24: here a = 2.834, b=

0.48, lower magnitude cut-off, Mc = 3.5, above samples is considered for calculation.
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5.5. East part of India
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Fig 6. Seismic zones of entire east part of India with 1900-2018 recorded earthquakes. (A) Seismicity map of east Indian region with
recorded earthquakes. (B) Frequency-magnitude distribution, total number of events containing 1873: here a = 7.846, b= 0.87, lower
magnitude cut-off, Mc = 5.5, above samples is considered for calculation.
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5.6. North part of India
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Fig 7. Seismic zones of entire North regions of India with 1900-2018 recorded earthquakes. (A) Seismicity map of north regions with
recorded earthquakes. (B) Frequency-magnitude distribution, total number of events containing 656: here a = 8.316, b=1.11, lower
magnitude cut-off, Mc = 5.2, above samples is considered for calculation.
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5.7. West part of India
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Fig 8. Seismic zones of entire west regions of India with 1900-2018 recorded earthquakes. (A) Seismicity map of west regions with
recorded earthquakes. (B) Frequency-magnitude distribution, total number of events containing 695: here a = 4.190, b= 0.43, lower
magnitude cut-off, Mc = 3.5, above samples is considered for calculation.
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5.8. Himalayan region
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Fig 9. Seismic zones of entire Himalayan region, with 1900-2018 recorded earthquakes. (A) Seismicity map of Himalayan
region with recorded earthquakes. (B) Frequency-magnitude distribution, total number of events containing 3797: here a =
7.521, b=0.95, lower magnitude cut-off, Mc = 4.5, above samples is considered for calculation.
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Fig 10. Earthquake frequency-magnitude distribution curves during the period 1900-2018 for the six different regions with variations
of cutoff Mc values, a and b-values
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Table 3. Information about data processing and zone wise a & b—value observed (1900-2018)
also for comparison with some highest earthquakes zones in world

Area Magnitude range Original catalog Mc a-value b-value
Zone V 2.0-8.6 1923 5.2 6.652 0.70 +/-0.02
Zone IV 2.0-6.9 475 5.2 8.372 1.16 +/-0.08
Zone 111 2.0-6.1 352 4.3 4.950 0.67 +/-0.05
Zone Il 22-6.2 24 35 2.834 0.48 +/-0.14
West part of India 20-78 695 35 4.190 0.43 +/-0.02
North part of India 20-79 656 5.2 8.316 1.11 +/-0.06
East part of India 25-93 1873 55 7.846 0.87 +/-0.02
Himalayan region 29-86 3797 45 7.521 0.95 +/-0.02
Caucasus region 25-78 2750 44 7.445 0.99 +/-0.03
Italy region 25-72 17456 2.5 5.859 0.65 +/-0.00
Mexico region 25-82 70769 4.0 7.289 0.70 +/-0.00
Indonesia region 27-9.1 95382 44 8.522 0.84 +/-0.00
Japan region 25-9.1 31020 44 8.286 0.91 +/-0.01
Philippines region 3.0-83 15561 4.5 8.230 0.94 +/-0.01

6. Conclusion

The frequency-magnitude (b-value) spatial distributions
reflect tectonic instabilities, also with this b-value
instability we can study about seismogenic structure of
the region. By studying the b-values of four major
seismic hazard zones along with three major regions in
India, we obtained the following conclusions. Gutenberg-
Richter relation about frequency — magnitude
distributions (b — value), usually measuring low and high
indications, the low b — value indicate apparent stress of
the seismogenic region also subject to experience with
warning of large magnitude earthquakes, Seismic zone V
is the large earthquake zone. From 1900 to 2018 total
1923 earthquake records has been consider for this b-
value calculation. Maximum recorded magnitude 8.6, the
cutoff regions Mc = 5.2. b-value from this above
observation b = 0.70, this may consider as highly wobbly
region as shown in (Fig 2). Seismic zone IV is somewhat
lesser earthquake zone, compare with zone V.

Total 475 earthquake records since 1900 to 2018 consider
for this b-value finding. Maximum recorded magnitude
6.9, the cutoff regions Mc = 5.2. The highest b-value b =
1.16 observed in this region, stability is high compare
with zone V as shown in (Fig 3). Seismic zone 111 is the
lesser seismic zone. Total 352 earthquake records since
1900 to 2018 consider for this b-value finding. Maximum
recorded magnitude 6.1, the cutoff regions Mc = 4.3. The
b-value b = 0.67 observed in this region, compare with
zone V this value less it is noted to consider this is
instability as shown in (Fig 4). Seismic zone 11 is the least
risk zone. Total 24 earthquake records since 1900 to 2018
consider for this b-value finding. Maximum recorded
magnitude 6.2, the cutoff regions is very low Mc = 3.5.
The low b-value b = 0.48 observed in this region because
it may be lack of datasets as shown in (Fig 5). Among the
all Indian seismic zones the low calculated b-value is
0.43, large earthquakes could be prone to occur at the
highest depth in west part of India (Kutch regions)
and the lower depth of the seismic activity area in the
Himalayan region. Apart from these four seismic zones.

We also consider three major Indian seismic regions such
as, West part of India (Gujarat region), East part of India
(Northeast India) and North part of India (Himalayan
region). In Gujarat region as shown in below (Fig 8),
total 695 earthquake records since 1900 to 2018 consider
for this b-value finding. Maximum recorded magnitude
7.8, the cutoff region is very low Mc = 3.5. The low b-
value b = 0.43 observed in this region. It is project that
more instability region compares with other regions also
extremely stress region in India. North position of India
as shown in below (Fig 7), total 656 earthquake records
since 1900 to 2018 consider for this b-value finding.
Maximum recorded magnitude 7.9, the cutoff region Mc
=5.2. The high b-value b = 1.11 observed in this region,
it may be somewhat stability region compare with
remaining two (west & East) regions. Northeast region as
shown in below (Fig 6), total 1873 earthquake records
since 1900 to 2018 consider for this b-value finding.
Maximum recorded magnitude 9.3, the highest cutoff
region Mc = 5.5 because of it may be high magnitude
earthquakes recorded found in this region.

The high b-value b = 0.87 observed in this region.
Finally, the whole north position of India (entire
Himalayan region) considering as shown in (Fig 9). for
calculating the b-value, in this region total
3797earthquake records since 1900 to 2018 consider and
maximum recorded magnitude 9.3, the observed b-value
is 0.95 with the cutoff region Mc= 4.5. Since cut-off
magnitude is low in zone Il and west part of India
(Gujarat region). The highest cut-off magnitude was
found in the Northeast part of India. Compare with other
positions of India high magnitude earthquakes were in
Northeast part of India also maximum depth earthquakes
were found in Gujarat region. In this comparison study,
model values for various highly seismic regions has
considered, the frequency-magnitude distribution of the a
& b values, for the period 1900-2018 earthquake
recorded in and around Caucasian (Georgia), Italy,
Mexico, Indonesia, Japan and Philippines regions. A
similar data observation and calculation method has been
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used for these seismic regions. The calculated values for
each region as show in Table. 3. From these (b-value)
observations, it is found that the b-values are nearly equal
in Himalayan and Caucasus regions, the a& b-value
observed for Himalaya: a=7.521 / b=0.95, Caucasus:
a=7.445 / b=0.99 and Philippines: a=8.230 / b=0.94, it is
not much variations compared with other regions.
Oceanic subduction zones are the highest earthquake
occurrences in the world. Major earthquakes are placed
in these zones, Such as Mw = 9.5 Chile 1960, Mw = 9.2
Alaska 1964, My = 8.7 Rat Islands 1965, Mw = 8.5
Kurile Islands,1963. Since the size of the major
earthquakes defines the slope of the cumulative
regression curve, the highest frequency-magnitude
distributed values are observed these regions. The highest
b-value observed from Himalayan region compared with
other regions. Compare with land region highest b-values
are found only in oceanic regions.

Data and Resources

All earthquake data used in this study are taken from
IMD, USGS and ISC. For seismic hazard zone
separation, figures 2(a), 3(a),4(a),5(a),7(a) and 9(a) were
made using the QGIS version 3.8 Mapping software, also
used ZMAP tool in MATLAB R2018b. Figures
2(a),3(a),4(a),5(a),7(@) and 9(a) map source from
https://github.com/vsilwal/AFDI/blob/master/India_Das
gupta2000/ xfaults.json.
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