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Abstract:  Being seismically most active, Northeast India claims the need of high quality of seismic
investigation to mitigate the risk of lives and properties of the region for which a well documented earthquake
catalog is of prime importance. But the seismic surveillance of the area was in infantile stage till the 7th decade
of last century. Prior to which scientific information about earthquakes of the area was not available. In the
present study an attempt has been made to prepare a comprehensive earthquake catalog pertaining the
rectangular area from 21° N to 29.5° N and 88’ E to 97.5" E for last 110 years based on the available catalog of
United States Geological Survey and International seismological Center. The catalog is analyzed for
completeness magnitude (M) using Gutenberg’s Frequency Magnitude Distribution (FMD) law and it is found
to be 4 M, The completeness time of reported magnitude is assessed by Stepp Method, (1972). The
completeness analysis shows that the catalog is complete for whole period for larger magnitude > 7 M,,
Earthquakes having magnitude range 6-6.9 M,, 5-5.9 M, and 4- 4.9 M, may be considered to be completely
recorded since 1921, 1961 and 1991 respectively.
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I.  Introduction:

An accurate, complete and comprehensive earthquake catalog is necessary for the study of
earthquake behavior, testing hypothesis, earthquake resistant designing and understanding geodynamic process
associated with earthquakes. But most of the catalogs are heterogeneous and inconsistent in space and time and
usually incomplete for small events due to the limited sensitivity and coverage of the earth by seismographic
networks. In India reliable information on instrumental magnitudes and locations are available after 1964" .
Shillong was the only seismic station till very recently in Northeast India and at present the area is covered by
more than 20 digital seismic centers’. Catalog accuracy includes the completeness of the earthquake list as well
as an estimate of errors or uncertainties in determining earthquake parameters. The uncertainties in terms of
origin time, location, depth and magnitude can be tested by comparing local with worldwide earthquake
catalog*'® while the completeness of a data series is generally tested by examining it in reference to the
Gutenberg — Richter law'"'2. The assessment of the magnitude of completeness, M., is one of the specific
aspects of quality control of a data set. M, is developed as the lowest magnitude at which 100% of the events in
a space time volume are detected'*"'*. Scientific information about earthquakes of the northeast India is available
towards the close of twentieth century and well documented earthquake catalog for this region is found only for
a few decades. A comprehensive data file for the period 01/01/1901 to 20/03/2011 has been prepared for the
study region on the basis of the available catalog and analyzed for completeness and lengths of unbiased
datasets for different magnitude have been estimated.

II.  Data Source And Methodology:

The present catalog is based on compilation of ISC (International Seismological Center) and
USGS (United States Geological Survey) catalogs. This combined catalog for the study pertains to the
rectangular area from 21°N to 29.5°N latitude and 88°E to 97.5°E longitude. To prepare a comprehensive data
base the sources are compared with each year record. The record of the particular year with the maximum
number of earthquakes is selected to construct the database of the specific year. This is done for each year till
the database is completed and duplication is carefully avoided by comparing the time and location of the events.
Surface wave magnitude M; and body wave magnitude M, both is adopted. To convert the data from one from
the other Richter relation'® My = 2.5 + .63 M is used. The total number of earthquakes in the combined catalog
is 2631. The minimum magnitude is 3.5 M, The catalog was intended to prepare from 1900, but the 1%
recorded data was found on 31% August of 1906. So, the starting date for the catalog is 31/08/1906 and it is
continued till the last event on 20/03/2011.
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III.  Completeness Analysis:

The incompleteness of an earthquake dataset that comes in because of the non-uniformity of the
seismic networks with time is investigated generally by fitting a Gutenberg-Richter model to the frequency
magnitude distribution (FMD). The FMD'” ' described the relationship between the frequency of occurrence
and magnitude of earthquakes as-

LogNM)=a—-bM).....coeeiviiriiiiiinnnnnn. (1)

Where N (M) is the number of earthquake of magnitude > M, ‘a’ is the number of earthquakes of magnitude
larger than 0 and ‘b’ describes the relative distribution of small and large earthquake. The value of ‘a’ and ‘b’
are generally determined by fitting the observed data sample. The relation has been confirmed for the global
seismicity as well as for regional seismicity in different seismic zones of the world'" for a homogeneous data
series equation (1) fits well and it gives considerably stable recurrence rate of earthquakes. But in practice as
mentioned earlier the available catalogs of earthquakes are not complete especially for smaller magnitude events
i.e. catalog are biased against small events. The magnitude at which the lower end of FMD departs from the
linear trend in the log-linear plot®® is taken as the magnitude of completeness (M.). It should be emphasized that
only deviation from linearity at small magnitude (lower end of the FMD) is considered; deviation at larger
magnitude (upper end of the FMD) can be due to statistical fluctuations due to under sampling or to a real break
in G-R scaling"**>. Completeness magnitude may vary with time.

The statistical procedures proposed by Stepp> are used to assess completeness time of the
reported magnitudes. In this process the earthquakes in the catalog are grouped in different magnitude class.
Each magnitude is modeled as a point process in time and means rate of occurrence of earthquakes in a
magnitude range is established. To obtain an efficient estimate of the sample mean, it is assumed that the
earthquake sequences can be modeled as a Poison Distribution. If k; ks...... k, are the number of earthquakes
per unit time interval then an unbiased estimate of the mean rate per unit time interval of this sample®” is-

A= (2] Bk e e e (2)

and its variance is-
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where n is the number of unit time interval. Considering the unit time interval to be one year duration, we get-
1
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as the standard deviation of the estimate of the mean, where T is the duration of the sample. If the earthquake
. . L . 1 .
data series were to be stationary A were to be constant which implies that o3 would vary as = . Following stepp

(1972) the standard deviation of the mean rate as a function of sample length are plotted along with nearly
1
tangent lines with slope 7= . The deviation of standard deviation of the estimate of the mean from the tangent

line indicates the length up to which a particular magnitude range may be taken to be completed.

IV.  Result And Discussion:

Figure (1) shows the frequency magnitude distribution (FMD) of earthquakes in the study area
from 1901 - 2010. At the lower magnitude end at M = 4M, the observation do not follow the Gutenberg —
Richter power law any longer and this is the threshold or completeness magnitude (M,) of the catalog. The
green line represents the best fit to the observations in the area of complete recording. The slope of the green
line is the b value of the Gutenberg-Richter relationship. Magnitude smaller than M, departs from the best fit
line because not all of these small earthquakes are reported. Moreover these events are harmless and of less
interesting from the point of earthquake resistant designing. Hence the earthquakes of magnitude < 4 M, are
excluded from further analysis.

The total 110 year sample is divided into 10 years sub-intervals in which A is stable in each
magnitude class and it is assumed that this represents the interval of complete reporting for that magnitude class
of earthquakes. The rates of occurrence of earthquakes of different magnitude in the study region as a function
of time interval are listed in table (1) for magnitude 4 to > 7M, The rate is given as N/T, where N is the
cumulative number of earthquake in time interval T for sub- interval of 110 year sample. These data listed in
table (2) are used to compute the standard deviation of the estimates of mean using equation (4). The standard
deviations of the mean rate as a function of sample length are plotted along with nearly tangent lines with slope

www.iosrjournals.org 23 | Page



Preparation of a Comprehensive Earthquake Catalog for Northeast India and its .....

T as shown in figure (2). The deviation of standard deviation of the estimate of the mean from the tangent line

indicates the length up to which a particular magnitude range may be taken
from the graph that events with magnitude range 4-4.9 Mb are completely reported only during the last 20 year
(1990-2010) of the catalog while the earthquakes having magnitude range 5-5.9 M,, are completely reported for
about the last 50 years (1960-2010). The analysis also shows that the present catalog contains almost all the
event of magnitude range 6-6.9 M, of last 90 years. Magnitude range > 7 M, are seems to be completely
reported for the whole study period (i.e. 1901-2010).

to be completed. It is observed
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Fig (1): Cumulative number of earthquake versus magnitude with trend line. M, =4 M,

Table (1): Rate of earthquake occurrence for different magnitude range and different time intervals based upon
the past records.

Tin Magnitude in Mb
Decade years 4-49 5-5.9 6-6.9 >7
N A N A N A N A

2001-2010 10 429 42.9 55 5.5 1 0.1 0

1991-2010 20 856 42.8 113 5.65 6 0.3 0

1981-2010 30 1126 37.53 194 6.47 7 0.23 1 0.03
1971-2010 40 1256 314 241 6.02 10 0.25 1 0.03
1961-2010 50 1256 25.12 281 5.62 28 0.56 1 0.02
1951-2010 60 1256 20.93 290 4.83 61 1.02 3 0.05
1941-2010 70 1256 17.94 291 4.15 135 1.92 9 0.13
1931-2010 80 1256 15.7 291 3.64 161 2.01 11 0.14
1921-2010 90 1256 13.96 291 3.23 183 2.03 11 0.12
1911-2010 100 1256 12.56 292 2.92 184 1.84 13 0.13
1901-2010 110 1256 11.42 292 2.65 185 1.68 14 0.13
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Table (2): Standard deviation ( ;) of the estimates of mean recurrence rate per year (L).

Magnitude in Mb
. . 4-4.9 5-5.9 6-6.9 >7.9
Time duration
o1 o1 o1 o1
A A A A
10 42.9 2.07 5.5 0.74 0.1 0.1
20 42.8 1.46 5.65 0.53 0.3 0.12
30 37.53 1.12 6.47 0.46 0.23 0.09 0.03 0.03
40 314 0.89 6.02 0.39 0.25 0.08 0.03 0.03
50 25.12 0.71 5.62 0.34 0.56 0.11 0.02 0.02
60 20.93 0.59 4.83 0.28 1.02 0.13 0.05 0.03
70 17.94 0.51 4.15 0.24 1.92 0.17 0.13 0.04
80 15.7 0.44 3.64 0.21 2.01 0.16 0.14 0.04
90 13.96 0.39 3.23 0.19 2.03 0.15 0.12 0.03
100 12.56 0.35 2.92 0.17 1.84 0.14 0.13 0.03
110 11.42 0.32 2.65 0.15 1.68 0.12 0.13 0.03
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Figure (2): Completeness test of earthquake data of the study area. Variation of o, versus time interval and
1
magnitude and lines with slope (77 ).

V.  Conclusion:

There is underreporting of the lower magnitude earthquake in the earlier periods of the 110
years earthquake catalog compared to recent ones. The completeness analysis shows that the catalog is complete
for whole period for larger magnitude > 7 M,, Earthquakes having magnitude range 6-6.9 M, 5-5.9 M,, and 4-
4.9 M, may be considered to be completely recorded since 1921, 1961 and 1991 respectively. An important
feature of Stepp method is its ability to determine the time required for stable mean recurrence rate of
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magnitudes. This makes it possible to create an artificially homogeneous and complete data sample, thus
allowing for statistical studies to be performed. In the present study the stable mean recurrence rate of the
earthquakes having magnitude classes 4-4.9 M, 5-5.9 M, 6-6.9 M, and > 7 M, is found to be 10, 30, 40 and 90
years respectively.
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