
[page 8] [Research in Geophysics 2011; 1:e3]

Temporal variation of seismic
parameters in the western part
of the India-Eurasia plate
collision zone
Ioannis Baskoutas,1

George Popandopoulos,2

Prasanta Chingtham3

1Institute of Geodynamics, National
Observatory of Athens, Athens, Greece;
2Earthquake Planning and Protection
Organization, Seismotect. Div., Athens,
Greece; 3Ministry of Earth Sciences,
Mahasagar Bhavan, Delhi, India

Abstract 

We examined the temporal seismicity varia-
tion in the north-west Himalayas and the adja-
cent regions in relation to strong earthquake
occurrences in the period 1970-2010. The aim
was to promote seismic hazard assessment
and to show the possibilities of strong earth-
quake forecasting by means of the FastBEE
computer tool. The temporal variation of the
seismicity is expressed in terms of three basic
seismic parameters: the logarithm of the num-
ber of earthquakes logN, the seismic energy
released in the mode logE2/3 and the b-value of
the earthquake magnitude-frequency distribu-
tion expressed by the Gutenberg-Richter rela-
tion. Significant changes to relative mean val-
ues, forming consecutive relative minima and
maxima, of the obtained temporal variation
series of the seismicity parameters can be con-
sidered anomalies. These anomalies were
investigated before strong (magnitude
Mw≥5.6.) earthquake occurrences and were
successfully correlated with 12 strong earth-
quakes. The mean time of the duration of the
anomalies before the origin time of the
impending earthquake were estimated to be
equal to 3.3±1.3 years. We conclude that, in the
region under study, the established correla-
tions can be useful for the intermediate-term
forecasting of strong earthquakes and that the
continuous monitoring of the temporal evolu-
tion of seismicity by means of the FastBEE tool
can contribute to the evaluation of the seismic
hazard status in a target area. The available
earthquake data and the results obtained indi-
cate that after the beginning of 2006, the tem-
poral variation of the seismicity does not pres-
ent clear prognostic anomalies. This behavior
is compatible with the absence of earthquakes
with a magnitude of Mw 6.0 or more in the
area examined.

Introduction

The north-west Himalayas and adjacent
regions, known also as the Central Seismic
Gap,1 is considered a region of potentially high
seismic hazard. It is believed that it could host
a great earthquake in the future. In fact, the
last big earthquake2 of a magnitude range of
MW 7.7 ore more was experienced nearly 200
years ago, on September 1, 1803. In order to
assess the seismic hazard in this area, the
temporal variation of seismicity was examined
in relation to past strong earthquakes. This
investigation was inspired by previous studies,
which have shown that spatio-temporal varia-
tion of seismicity may help to develop strate-
gies for earthquake forecasting.3-14 An
exchaustive review of this topic can be found
in the recent report by Jordan et al.15 For the
seismicity analysis, we used the algorithm
FastBEE which allows an easy and quick inves-
tigation of the temporal variation of the seis-
micity in a target region FastBEE is suited to
obtain time series of three basic seismicity
parameters: the logarithm of the non-cumula-
tive number of earthquakes logN, the b-value
of the earthquake magnitude-frequency distri-
bution as expressed by the Gutenberg-Richter
relation, and the seismic energy released in
the mode logE2/3 Papadopoulos and
Baskoutas16,17 have shown that this algorithm
provides long-term seismic hazard assessment
and forecasts probable earthquakes. 
Results in the region examined are expect-

ed to test the applicability of the FastBEE algo-
rithm in another seismic region of the world,
outside Greece, the country where this was ini-
tially applied with promising results.

Short description of the seismic
parameters
The temporal variation of the seismicity was

obtained through the analysis of the time
series of three common seismic parameters:
the number of earthquakes, N (t), per time
unit, the b-value, and the seismic energy.
Estimates of the number of earthquakes per

unit time are obtained in the form logN

(1)

where i is the number of earthquakes, magni-
tude MW> Mmin, Μmin is the minimum magni-
tude of the catalogue completeness in a given
area and time interval, t is the time interval of
one month, w the length of the smoothing (fil-
ter) window, n(t-w) is the number of earth-
quakes in the smoothing window time interval.
The standard error of the calculation is given
by the relation σlgN=0,4343/ √N
The estimates b(t) of the b-value were cal-

culated by the maximum likelihood method

and relationship18 as follows:

(2)

where NΣ is the total number of earthquakes,
magnitude MW> Mmin, Μmin is the minimum
magnitude of the catalogue completeness in a
given area and time interval, ΝΜmin+iΔΜ is the
number of earthquakes in the ith magnitude,
n=1+(Mmax-Mmin)/ΔM is the number of the
increment ΔΜ=0.20. The standard error of the
b-value estimates is obtained by means of the
relation σb(t)=b(t)/ √NΣ

Finally, the parameter logE2/3 which repre-
sents the mean seismic energy released in the
time unit, is obtained by the relation

(3)

where t is the time interval of one month, and
n(t-w) is the number of earthquakes in the
smoothing window time interval. Ei is the seis-
mic energy of the ith earthquake in the time
window w. The confidence limits were calculat-
ed in the range of the examined time period
and they were considered a measure of statis-
tical significance.

Temporal variation of regional
seismicity
The temporal variation of the three seismic-

ity parameters was examined by using data
taken from the Earthquake Catalogue of the
India Meteorological Department (IMD) The
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catalogue comprises 705 events within the rec-
tangular area determined by the geographical
coordinates 27-33N and 76-83E. Spatial distri-
bution of hypocenters is shown in Figure 1,
while their magnitude time distribution is
shown in Figure 2. In Figure 1, the numbered
circles represent all strong earthquakes with
magnitude Mw 5.6 or more that will be exam-
ined retrospectively in relation to the temporal
variation of the seismicity. Table 1 reports their
catalogue parameters along with the magni-
tudes from the USGS /NEIC Data Base (Column
8) for a comparison. This catalogue is complete
for events of M 4.0 or more in the period 1970-
1980 and fall to the magnitude M 2.5 or more
after 1998. Figure 2 shows the time distribution
of the magnitudes in the examined period
1970-2009. For the purpose of this study, events
with a magnitude of M 4.0 or more were consid-
ered in the period 1970-1980 and with M 3.6 or
more in the period 190 to 2009. Both magnitude
choices are consistent with methodology
employed to obtain the qualitative character of
the temporal variation estimates.
Figure 3A shows the characteristic FastBEE

output of the temporal variation analysis of the
seismic parameters, using the IMD seismic
catalogue, in the period 1970-2009.
The methodology to obtain such curves is

described in detail by Papadopoulos and
Baskoutas.16,17 Briefly, the estimates of the
examined seismic parameters were obtained
by a moving window technique, with a step of
one month. The moving window length was set
as 13 months long. In continuation, the
smoothed estimates were re-filtered, with the
same order length and triangular filter, in
order to avoid side lobs. This procedure makes
the temporal changes, with periods equal or
greater than the half filter width, pass undis-
torted 19. This consideration suggests that two
or more successive strong events, which their
origin time distances less than the filter width,
can be associated to the same anomaly.

The FastBEE output shows the temporal
variation of the logN, b-value and logE2/3, from
the top to the bottom. Each seismic parameter
is expressed as two superposed curves. The
first curve (violet thin line) represents the
smoothed time series and the second (bolder
red line) the filtered one. In the same output,
both the standard error of the b-value and the
confidence limits, 1σ, of the parameters logN
and logE2/3 can be seen as lines parallel to the
relative mean. These mean values always refer
to the examined time interval. The origin
times of the strong events, reported in Table 1,
can be seen as numbered arrows perpendicu-
lar to the time axis. The serial number of the
earthquakes (first column of Table 1) appears

in the upper part of the arrows, while their
respective magnitudes (the seventh column of
Table 1) in the lower part. 
If the origin times of two or more strong

events are very close, only the last event’s seri-
al number can appear on the output graph
because of the time scale. Thus in the case of
the Figure 3A event, serial numbers 3 and 7
seem to be missing because they are covered
by n. 4 and n. 8, respectively. 
The previously mentioned strong earth-

quakes, with a magnitude of Mw 5.6 or more,
are reported in Table 1 and plotted in the
FastBEE graph as a user choice. These events
were considered to be the minimum size
earthquake occurring in a given area, which

Article

Table 1. Strong earthquakes of Mw 5.6 or more which occurred in the study region in the time period from 1970 to 2009.

S/N Date Origin time Lat Lon Dept Magn Magn Time anomaly
(IMD) (NEIC) duration

1 1975 JAN 19 08:12:09.8 31.94 78.53 49 5.8 6.0 ~ 2 Years
2 1979 MAY 20 22:59:11.5 29.93 80.27 0 5.7 5.9 ~ 2.8 Years
3 1980 JUL 29 12:23:07.7 29.34 81.21 3 5.7 5.7 ~ 4 Years
4 1980 JUL 29 14:58:41.6 29.63 81.09 0 6.1 6.6 ~ 3.2 Years
5 1984 MAY 18 4:28:52.1 29.52 81.79 0 5.6 5.6 ~ 4.6 Years
6 1986 JUL 16 23:03:07.0 31.05 78.00 40 5.6 6.5 ~ 2 Years
7 1991 OCT 19 21 23 15.0 30.77 78.79 13 6.6 6.0 ~ 4.5 Years
8 1991 DEC 9 1 2 42.0 29.51 81.61 3 5.6 5.6 ~ 4.5 Years
9 1997 JAN 5 08:47:25.4 29.84 80.53 33 5.6 5.6 ~ 5 Years
10 1999 MAR 28 19:05:13.4 30.41 79.42 21 6.8 6.8 ~ 1.6 Years
11 2002 JUN 4 14:36:05.9 30.42 81.43 10 5.6 5.6 ~ 3 Years
12 2004 OCT 26 02:11:35.8 30.78 81.03 10 5.6

IMD, India Meteorological Department; NEIC, National Earthquake International Center.

Figure 1. Map of seismic epicenters in the northwest Himalaya and adjacent regions, in
the period from 1970 to 2009. Numbers show epicenters of strong earthquakes of a mag-
nitude of Mw 5.6 ore more. 
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can reliably fit with the observed prognostic
anomalies of the seismic parameters and thus
is defined as Minimum Predictable Magnitude
(hereafter MPM). The MPM was determined
by visually analyzing the temporal variation
series in relation to the past strong earthquake
activity in a trial and error iterative proce-
dure.14 It is assumed that MPM, depends on the
seismotectonic characteristics of a given area
and represents, from a physical point of view,
the minimum typical response of the medium
to the changes of the topic tectonic stress
under the constant influence of regional stress
fields.
Figure 3A shows a step-wise increment in

all parameters, which is more evident in the
estimates of the parameters logN and b-value.
This characteristic also shows the efficiency of
the FastBEE tool to qualitatively show the
changes in the number of earthquakes with
time, as these main changes can be seen
quantitatively in Figure 2. In other words
FastBEE can depict the quality of the seismic
catalogue, prima vista and the seismological
network development capability of recording
even more seismic events. 

Article

Figure 3. A) Characteristic output of FastBEE analysis, showing the temporal variation of the seismic parameters logN(t), b-value with
the respective standard errors, and energy released in the form logE2/3. Origin time and magnitude of all strong earthquakes, with mag-
nitude Mw 5.6 ore more are shown as numbered, according to the Table 1 serial numbers, arrows perpendicular to the time axis.
B) Temporal variation of the seismic parameters logN(t), b-value and energy released in the form logE2/3, with their respective standard
errors, in the period 1970-1988. C) Temporal variation of the seismic parameters logN(t), b-value and energy released in the form
logE2/3, with their respective standard errors, in the period 1986-1997. D) Temporal variation of the seismic parameters logN(t), b-value
and energy released in the form logE2/3, with their respective standard errors, in the period 1997-2009.

A

C

B

D

Figure 2. Time distribution of magnitudes in the period 1970-2009.
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The inspection of the temporal variation of
logN shows that the estimates, in the period
1970-1988, lie below the mean value. After the
years 1988 till 2009, these estimates fluctuate
clearly above the mean value. For this reason,
and for the better representation of the fluctu-
ations of the temporal variation of the seismic-
ity parameters, this period was also subdivided
into three sub-periods. The results obtained
from data from these new sub-periods, and by
using the same analysis parameters, can be
seen in Figure 3B, C and D, respectively, which
focuses almost exclusively on the sub-periods
specified.
Figure 3B-D shows a clear and repeated

form of the temporal variation in all three seis-
micity parameters. These are characterized by
consecutive relative minima and maxima, over
and above their mean value. The careful visual
examination of these figures and especially in
the parameters logE2/3 and b-value show that
they form mountains and valleys, respectively,
which precede almost all the strong earth-
quakes with magnitude Mw of more than 5.6
(Table 1) which occurred in the area in the
examined time period.
The curve of the parameter b-value before

all the strong events generally shows an
increase stage, starting from a relative mini-
mum toward to a relative maximum, after
which it gradually decreases to the mean value
and even lower. In general, strong earthquake
occurrence is observed during the time period
of the decreasing stage. Instead, the curve of
the parameter logE2/3, shows a sharp decreas-
ing stage, starting from a relative maximum to
a relative minimum, increasing then toward
the mean value thus gradually forming a con-
cave shape form with strong earthquakes to
occur during the time period of the increasing
phase, approaching the mean value. The same
temporal behavior, as in the parameter logE2/3,
also shows the parameter logN, although this
is not so obvious. The parameter logN can usu-
ally add information to the evaluation of the
anomalies observed in the other two parame-
ters, considering that it reflects the aftershock
activity of the preceding strong earthquakes.
From the careful examination of all output

figures, it can be seen that the length and
sharpness of the prognostic anomalies vary
from case to case and from parameter to
parameter. Nevertheless, their individual time
duration can be measured directly on these
graphs. According to Papadopoulos and
Baskoutas,16,17 b-value and logE2/3 contain more
prognostic information than the parameter
logN. For this reason, the durations of the
prognostic anomalies, were measured on the
b-value and 1ogE2/3 parameter curves. The seis-
mic activity of the region, expressed in terms
of logN, is less informative with respect to the
two others, although it can still be used for
additional information when recognizing the

anomalous periods in the behavior of two other
seismic parameters before strong earth-
quakes. An example is to be found in earth-
quakes N3 and N4 in Table 1. These events
belong to the same, rather delayed prognostic
anomaly, starting at the middle of the year
1976. Development is clearer in the b-value
and logE2/3 parameters rather than in the logN
parameter. It means that this pair of earth-
quakes contaminates the clear development of
the temporal anomaly of the parameter logN
for the event N2.
Results of the temporal variation analysis

duration measurements, before the occur-
rence of the individual, or groups of strong
earthquakes in the period 1970-2009, are
reported in column 7 of Table 1. These meas-
urements show that their duration ranges
from 1.5 to 5 years with a mean value of a
smuch as 3.3±1.3years.
Figure 3D shows the characteristic absence

of significant variations; in particular, we can
see the curve of the temporal variation of the
b-value and logE2/3, which ranges around their
mean values, in the examined period 2005-
2009 and at the same time the absence of an
earthquake with magnitude Mpred 5.6 or more.
Nevertheless, as pointed out previously, the
continuous monitoring of the temporal varia-
tion of the seismic parameters by means of the
FastBEE algorithm tool can provide informa-
tion for the future evaluation of the status of
the seismic hazard in this area.

Conclusions

The temporal variation analysis by means of
a set of three seismicity parameters, logN, b-
value and logE2/3, using FastBEE algorithm,
was performed in the northwestern part of the
India-Eurasia plate collision zone in the period
1970-2009. The temporal variation profiles
obtained of all three examined seismic param-
eters, show clear fluctuations with repeated
characteristic changes around relative mean
values which were considered prognostic tem-
poral anomalies. These anomalies were suc-
cessfully correlated with 12 strong earth-
quakes, with a magnitude of Mw 5.6 or more,
occurring in this area over a 38-year period of
observation. The mean time of the duration of
the anomalies before the origin time of the
impending earthquake were estimated to be
equal to 3.3±1.3 years.
The results obtained in this study are simi-

lar to those found in Greece, also a very active
seismic region, and are equally as promising.
B-value and logE2/3 are the most informative
parameters for the prediction of strong earth-
quakes in the context of the FastBEE algo-
rithm, although logN in this area has shown
much better prognostic behavior than in

Greece area. The results have also revealed the
regularity of the temporal variation fluctuation
correlation with strong earthquakes of a mag-
nitude of Mw5.6 or more, suggesting that the
use of the FastBEE tool is also suitable for this
type of analysis in other regions of the world,
such as the India-Eurasia collision zone. 
According to the seismic data available, the

results obtained indicate that after the begin-
ning of the year 2006, the temporal variation of
the seismicity does not indicate the presence
of clear and suspicious prognostic anomalies
showing the absence of the strong earthquake
occurrence (magnitude of Mw 5.6 or more).
This is compatible with previous findings prov-
ing that this behavior indicates the low proba-
bility of a strong earthquake occurrence.
Nevertheless, the availability of new data, cov-
ering the period 2009 till the present, can
reveal the seismicity temporal variation behav-
ior in the area; therefore providing an opportu-
nity to assess the seismic hazard for the next
couple of years.
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