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Abstract

On 25th April, 2015 a hazardous earthquake of moment magnitude 7.9 occurred in Nepal. Accelerographs were used to
record the Nepal earthquake which is installed in the Kumaon region in the Himalayan state of Uttrakhand. The distance of
the recorded stations in the Kumaon region from the epicenter of the earthquake is about 420-515 km. Modified semi-
empirical technique of modeling finite faults has been used in this paper to simulate strong earthquake at these stations.
Source parameters of the Nepal aftershock have been also calculated using the Brune model in the present study which are
used in the modeling of the Nepal main shock. The obtained value of the seismic moment and stress drop is
8.26 x 10%° dyn cm and 10.48 bar, respectively, for the aftershock from the Brune model .The simulated earthquake time
series were compared with the observed records of the earthquake. The comparison of full waveform and its response
spectra has been made to finalize the rupture parameters and its location. The rupture of the earthquake was propagated in
the NE-SW direction from the hypocenter with the rupture velocity 3.0 km/s from a distance of 80 km from Kathmandu in
NW direction at a depth of 12 km as per compared results.

Keywords Strong motion - Himalayan seismicity - Displacement spectra - Response spectra - Site amplification -
Modeling

Introduction

A major earthquake occurred in the central seismic gap of
the Himalaya in Nepal of magnitude 7.9 (M,,) on 25 April,
2015. More than 8000 people were killed by the earth-
quake. Economic losses were estimated to be around $ 3.5
< Sohan Lal billion (CEDIM). It is estimated that total damage is caused

sohangeokuk @ gmail.com by the short period strong motion due to any earthquake.
Civil engineers use these ground motions which contain
high frequency provide key parameters which are used for
safe design and. Source characteristics of the earthquake
are also illustrated by the high-frequency strong ground
motion. All the sites did not feel the strong motion in past,
due to this only modeling of high frequency strong ground
motion (SGM) is left. This lack of data causes a big issue in
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motion data based on the random theory technique, Com-
posite Source Modeling technique, etc. and Empirical
Green Function methodology based on the uses of the
foreshock or aftershock as Green function of the small
segments of the main shock rupture.

Stochastic method was suggested by the engineers
whose major objective was to predict the hazard result for
designing purpose. The Stochastic technique was initially
given by Housner and Jennings (1964). This method made
use of previously provided database for simulating ground
motion at any site. It starts with making use of a random
noise built in time series, then it transforms it into the
frequency domain and replaces the amplitude spectrum of
the noise with the desired spectrum speculated at the region
under consideration. One does not alter the phase part as it
may then distort the signal to unrecovered extent. Then, it
is passed through a time window which is founded on the
basis of our older records; the window is built in accor-
dance with the variation found in the older records and the
final transient signal in the time domain is considered to be
the modeled result for the strong ground motion (Boore
1983). It works well for point source model but fails for
other realistic sources. It does not incorporate the param-
eters related to the source and the propagation of the
earthquake. It is purely statistical in nature and works only
for designing purposes.

It taps the properties of random Gaussian noise to create
a signal that is non-stationary in nature which resembles to
some extent to the seismic earthquake record in that region
(Atkinson and Boore 1995, 1998; Boore 1983; Boore and
Joyner 1991; Hanks and McGuire 1981; Housner and
Jennings 1964; McGuire et al. 1984; Sinozuka and Sato
1967; Lai 1982; Beresnev and Atkinson 1997, 1999).
Atkinson and Boore (2006) developed the prediction
equations for the ground motion of the rock and soil sites
using the stochastic method. Rigan earthquake occurred in
2010 has been modeled using the Stochastic method (Sa-
farshahi et al. 2013).

Empirical Green Function technique was initiated by
Hartzell (1978). This methodology is powerful tool for the
modeling of the SGM due to an earthquake. To model the
large earthquake by this technique, it requires the after-
shock or foreshock as Green function from the same
location where the main shock occurred. This technique is
further used and modified to model the large earthquake by
Imagawa et al. (1984), Heaton and Hartzell (1989), Hadley
et al. (1982), Haddon (1996), Irikura (1983), Houston and
Kanamori (1984), Munguia and Brune (1984), Hutchings
(1985), Kanamori (1979), Hartzell (1982), and Kohrs-
Sansorny et al. (2005). The main advantage of the tech-
nique is that it does not need site correction (Fukuyama and
Irikura 1986). However, it is found that modeling of the
SGM due to an earthquake using the Empirical Green
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Function is also used to model the broadband data. How-
ever, aftershock or foreshock at each modeling site is not
available to be used as Green function and the technique
requires the detailed knowledge of the source rupture.

A Composite Source Model, incorporating different
sized sub-events, provides a possible description of com-
plex rupture processes during earthquakes (Yu 1994; Zeng
et al. 1994; Yu et al. 1995). This technique considers the
complex source mechanism of the earthquake for com-
puting realistic synthetic strong-motion seismograms using
synthetic Green’s function (Khattri et al. 1994). The tech-
nique considers that the source is composed of a randomly
distributed circular sub-events having constant stress drop.
The power-law distribution is followed by all the sub-
events and their radius (Frankel 1991).The main disad-
vantage of the technique is that it requires the complete
source mechanism of the earthquake which is used in
computing the theoretical Green’s function. This require-
ment is not easily available and hence reliability of final
simulation is always questionable.

Semi-empirical technique is one of the techniques which
considers the advantage of the stochastic simulation tech-
nique and Empirical Green’s Function technique. The
semi-empirical method was proposed by Midorikawa
(1993) and further modified by Joshi and Midorikawa
(2004). In this method, simulated time series from various
sub-faults are used as Green’s function instead of after-
shock records. The technique is very fast to calculate the
modeling parameters as it is dependent on attenuation
relation. Various earthquakes have been simulated using
this technique. The applicability and importance of this
technique have been validated by simulating records of
various earthquakes like the 2011 Tohuku earthquake and
the 2004 Sumatra. Several modifications have been done in
the technique which includes the addition of layered earth
model, addition of entire time series in acceleration (Joshi
et al. 2001), correction factor (Joshi and Midorikawa
2004), envelop function with scaling of seismic moment
(Joshi et al. 2001), addition of radiation pattern (Joshi et al.
2012a), component wise simulation of acceleration record
(Joshi et al. 2012b) and addition of strong motion genera-
tion areas (Joshi et al. 2014). In the present paper, modified
semi-empirical technique (MSET) has been used for sim-
ulation of SGM which includes all modification done in
semi-empirical technique by Joshi and Patel (1997) and
Joshi et al. (1999, 2001, 2012a, b, 2014).

Epicenter of the Nepal earthquake was located at a
distance of around 420 to 515 km from the network of
recording stations in the Kumaon Himalaya. The data from
Kantipath station, which is near Kathmandu and is at a
distance of 59 km from the epicenter of the earthquake, are
available for the present study provided by the United
States Geological Survey (USGS). The main purpose of
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this study is to finalize the model parameters of the Nepal
earthquake using strong motion data recorded at several
stations. The main objective of this work is to model the
main shock Nepal earthquake using the aftershock and
calculating the source parameters of the aftershock which
are used in modeling the main shock of the Nepal earth-
quake. The technique used in the present work is compo-
nent wise simulation of the strong motion data (Joshi et al.
2012b).

Geology and tectonics

The expanse of the Himalaya is 2400 km long and
300—400 km wide. The Himalayan province is divided into
mainly four physiographic domains which are distin-
guished based on the rock type, their ages and geomor-
phology. The four domains from southern side to the
northern side are (a) Shiwalik Himalaya (b) Lesser Hima-
laya (c) Higher Himalaya (d) Tethys Himalaya as shown in
Fig. 1. The Kumaon—Garhwal region of the Himalaya is
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situated in the middle of the Himalayan folded-and-thrust
belt. The central Himalaya has 2500-3000 m high and
remarked by rounded hilltop, gentel slopes and undulating
landscape. Most of the seismic activity occurred in the
lesser Himalaya. Lesser Himalaya is separated by Main
Boundary Thrust from Shiwalik Himalaya in the south and
in the north separated from the Great Himalaya by Main
Central Thrust. Tehyths Himalaya consists of sedimentary
and Meta sedimentary rocks with low grade metamorphic
(Yin 2006). Greater Himalaya mostly consists of high-
grade crystalline rock with migmatites South Tibet
Detachment at top and Main Central Thrust at bottom.
Lesser Himalaya thrusting over Shiwalik Himalaya along
Main Boundary Thrust, which mainly consists of meta-
sediments with high-grade crystal lines in form of Nappe
and Klippe. Sub-Himalaya mainly consists of sedimentary
rocks with well-preserved fossils representing a low degree
of metamorphism.

After occurring the Nepal earthquake, it has been
observed that seismicity moved towards eastern side of the
epicenter of the Nepal earthquake as shown in Fig. 1.
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Fig. 1 Tectonic map of the Himalayan region (Yin 2006). Seismicity before and after the Nepal earthquake 25 April 2015. Red star shows the

epicenter of the Nepal earthquake
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Fig. 2 a Seismic gaps suggested in Indian Himalayan region.

b Central seismic gap region between the Bihar earthquake and
Kangra earthquake given by Khatrri (1987)

Nepal earthquake lies in this area of the central seismic gap
(Khattri 1987) as shown in Fig. 2.

Data

sensitivity of the accelerometer is 1.25 V/g. The processing
of the recorded data is done using the Boore and Bommer
(2005) procedure. Strong motion record from near field
station at Kantipath is also available for the study (USGS).
This station lies at a distance of 59 km from the epicenter of
this earthquake. Peak ground acceleration (PGA) at this
station is 187 gals which is supposedly low, keeping in view
the damage caused by this earthquake. The hypocentral
parameters of this earthquake are shown in Table 1.

Accelerographs are placed in the Government schools
which have site effects due to which energy gets amplified.
We have calculated site effects using the technique of H/
V spectral ratio method which is initially given by Nakamura
(1989). The North—South component of accelerogram for the
Nepal earthquake after applying the site correction is shown
in Fig. 3. The time series of the Kumaon array are processed
using Butterworth filter with the range of 0.01-25 HZ. But-
terworth band-pass filter has been applied ranging from 0.4
to 25 Hz, to remove the low-frequency component from the
accelerogram records at Kantipath station. The processed N—
S and E-W components of the Nepal earthquake recorded at
Kantipath station are shown in Fig. 4.

Methodology

Component wise simulation of strong ground motion given
by Joshi et al. (2012b) has been used in the present study.
The amplitude spectrum of white Gaussian noise with zero
expected mean and unit spectral amplitude is used to
obtained acceleration spectrum of the target earthquake
which is further transformed into time series using appro-
priate signal processing tools in the technique. This spec-
trum of noise has been passed through various filters and
constants which are defined by Boore (1983) as follows:

A(f,R) =C-S(f) - D, - Fr(f,R 1

Source parameters of the Gorkha Nepal earthquake are . R) (f)-Dilf) - Fr (/. R) M
given in Table 1. Accelerograph installed in the Kumaon In Eq. (1) C and other filters are defined as:
Hlmalaya record Fhe Nepal earthquake .The epicentral C =My - Ry, - FS - PRTITN / dnpf (2)
distance of the stations is between 420 and 515 km. Three-
component force balanced high-frequency Kinemetrics” — §(f) = (znf)z / [1 +(f /fc)z} (3)
ETNA accelerograph is installed at each station. The
response of the instrument is flat up to 50 Hz. The threshold =1 / [1 + )8} 1/2 @
of these accelerometers is 0.005% of full scale and "
Table 1 Fault plane parameters of Nepal earthquake
Origin time Location Size Fault plane solution Agency
25/04/15 28.15°N, 84.71°E M,=17.8 NP1 @ = 295°, 8 = 11°, A = 108° USGS
6:11:2627 Depth = 10 km M, = 5.45 x 10* dyncm NP2 ® = 99°, § = 83°, A = 89°
25/04/15 27.77°N, 85.37°E M, =179 NP1 @ = 287°, 8 = 6°, A = 108°  Global Centroid Moment Tensor (CMT)
6:11:584  Depth = 12km M, =7.76 x 10 dyncm NP2 ® = 101°, § = 84°, L = 89°

M, =179
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Fig. 4 Processed accelerograms 200
at near field station Kantipath 100 —] NS
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Fr(f,R) = (e‘“fR/ ﬁQﬁ(f)) / R (5)  using the correction function F(#), by convolving this with

In Eq. (2), seismic moment is represented by M,; 5 and
p are the shear wave velocity and the density of the med-
ium, respectively; Ry, is radiation pattern which is affected
by rupture parameters; amplification caused by the free
surface of the site is represented by FS, PRTITN defines
the splitting of energy of the SH wave (taken as 1/\/ 2). The
filter S(f) in Eq. (1) represents the acceleration spectrum of
source (Brune 1970); Boore (1983) gives the formulae for
the high-frequency attenuation and filter total anelastic
attenuation which is represented by Dg(f) and Fr(f, R),
respectively, in the Eq. (1). In the above expressions, R is
the hypocentral distance and Q(f) is the shear wave quality
factor which depends on the frequency.

The theoretical filters used in Eq. (1) were multiplied
with white Gaussian noise spectrum to obtain the earth-
quake acceleration spectra. The acceleration spectrum is
further converted into acceleration time series which is
represented by acceleration record ‘a;j(t)’ of earthquakes
represented by sub-faults. Small and the target earthquake
slips with different time duration, this difference in the slip
duration cause a problem. This problem is compensated

@ Springer

the acceleration record. This function is also used to
overcome the problem of low-frequency mismatching and
is given by Irikura and Kamae (1994) and Irikura et al.
(1997).

F(t) = 6(t) + [(N = 1)/Tr(1 — exp(=1))] - exp(—1/Tr)
(6)
Aj(1) = F(2) * ay(1) (7)

In Eq. (7), subscripts i and j represent the location of
sub-fault along the length and the width of the rupture
plane, respectively. Kameda and Sugito (1978) provides
the envelope function. This function act as window func-
tion which is used to get the acceleration record from the
above equation; the function is modified by adding the term
transmission coefficient of shear wave Joshi (2004):

ej(t) = T (t/Ta) - exp(1 — 1/Ty) (3)

In Eq. (8), T4 is the time duration and T is the trans-
mission coefficient of shear waves. We need to divide the
target earthquake rupture into N> small earthquakes that are
responsible for the target earthquake on the basis of self-
similarities law of geometrical parameters. Acceleration
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envelope is used in place of aftershocks in the present
technique based on the empirical relations as empirical
Green function. Kanamori and Anderson (1975) give the
self-similarities geometrical relations between the target
and small earthquakes that have been used to determine the
number of sub-faults which gives the response to the target
earthquake.

Nucleation point is one sub-fault from which the rupture
starts propagating along the radius, which is decided after
division of the rupture into various sub-faults. The energy
is released by each sub-fault whenever the rupture front
approaches its centre. The resultant acceleration record
ac(t) is the product of acceleration record A;(f) from fil-
tered white Gaussian noise with the acceleration envelope
function e;(f). This is given as:

acy;(t) = ey(1) - Ay(t) 9)

The acceleration record acj(t) released from different
ijth subfaults to be resolved into two components along the
direction of strike and dip using the formula given by Joshi
et al. (2012b).

acf;(t) = acy(t) - cos 0 - cos ;; (10)
ac};(t) = ac;j(t) - cos 0y - sin @;; (11)

In Egs. (10) and (11), acji(r) and ac}/(r) represent the
acceleration components along the strike and dip direc-
tions, respectively. The angle ¢; and 0;; used in Egs. (10)
and (11) are shown in Fig. 5. The obtained results are
rotated by angle @ Joshi et al. (2012b).

{acys} _ {cos¢> —sinqb] {ac?f'(’)] (12)

acEV sing  cos¢ | | ac)(r)

y
Summing of all NS and ES component of records
released from various sub-faults at various time lag ‘z;’
gives the end result for the NS and EW components. This is
represented by the following formula given by Joshi et al.
(2012b):

AN (1) = i i ac® (1 — 1) (13)
AV (1) = i i acgV (1 — ;). (14)

I
—
~.
Il
—

Parameters of the target and sub-fault
earthquake

In MSET of simulation, the faulted rupture of the supposed
target earthquake is segmented into sub-faults using self-
similarity laws. These laws have been given by Kanamori

ac,l(t)c;J(seucosq)U

Y acy(t)coso;sing;

Fig. 5 Simulation of the acceleration record released by ij sub-fault
along of the NS and EW component (after Joshi et al 2012b)

and Anderson (1975) and Aki (1967) as discussed in the
above section. The application of these laws requires
extensive knowledge of the source parameters of target and
the sub-fault event. Corner frequency, stress drop and
seismic moment are the source parameters which are
obtained from source displacement spectra. In this study,
the source parameters of the aftershocks of the Nepal
earthquake are calculated from the accelerograms recorded
at various stations which are situated in the Himalayan
region of Uttrakhand State, India using the grid search
algorithm. Displacement spectrum of source at five stations
is calculated using the equation given by Brune (1970) for
the aftershock. Comparison between the observed and
theoretical displacement spectra is used to estimate corner
frequency at which the spectra fall for the aftershock. This
comparison is shown in Fig. 6 at stations of the Kumaon
network. The source parameters such as stress drop, etc.
which are listed in Table 3 of this earthquake from the
accelergram at each of the five stations are calculated. The
value of source parameters obtained from five different
records of the main shock and aftershock is given in
Table 3. Figure 6 shows the source displacement spectra of
the aftershock recorded at stations of the Kumaon Hima-
layan network.

It is seen from Table 2 that the value of seismic moment
obtained from displacement spectra of the Nepal earth-
quake and its aftershock is nearly equal to that obtained
from USGS and CMT Harvard. The average value of the
stress drop calculated for the Nepal earthquake and its
aftershock is given in Table 2 which is within the reason-
able range of stress drop calculated by different workers for
Himalayan earthquake (Wason and Sharma 2000; Sriram
and Khattri 1997; Kumar et al. 2005). The calculated
parameters of the earthquake are within the

@ Springer
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Fig. 6 Source displacement
spectra for the aftershock at
Kumaon stations a Knalichina,
b Bageshwar, ¢ Berinag,

d Kamedidevi and e Kapkot,
respectively, where red color
shows the observed spectra at
the soil site and black color
shows the observed spectra at
rock site and Green color shows
the theoretical spectra

@ Springer
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Table 2 Obtained source S. no. Source parameters Average + standard deviation
parameters of the Nepal
earthquakes (a) main shock Main shock After shock
(Joshi et. al. 2016) and
(b) aftershock (present study) 1 Corner frequency (f;) 0.027 & 0.002 0.07 £ 0.01
using the Accelerograms 2 Seismic moment M, (dyne-cm) (3.53 & 0.28) x 107 (826 & 2.21) x 10%
3 Source radius (km) 44.13 £ 3.85 15.16 £2
4 Stress drop (bar) 18.68 4+ 5.93 1048 + 1.7
5 Moment magnitude (M) 7.7 £ 0.02 6.56 £+ 0.05

acceptable range of value obtained for the Himalayan
earthquake obtained by earlier studies. The length of the
rupture and downward extension is calculated as 145 and
42 km, respectively, using the relations given by Wells and
Coppersmith (1994). The area obtained by the empirical
relation given by Wells and Coppersmith (1994) is
6090 km” which is close to that obtained as 5278 km® for
circular rupture which is obtained using parameters
obtained from source displacement spectra.

Model selections

It has been observed that the simulations of the earthquake
are affected by various rupture parameters. Once the initial
modeling parameters have been decided, next work was to
find the parameters of the rupture plane. In the present
work, model was selected on the basis of minimum root
mean square error (RMSE) between the simulated and
observed acceleration waveform at Kantipath station. The
following formula for RMSE comparison has been used in
the present work:

RMSE = [(1/N) - Z(a(i) =b(i))/ a(i))*]"/?

where a(i) and b(i) are observed and simulated accelera-
tions records, respectively. The parameter N represents the
total number of samples in record. It is observed that
change in the parameters affects simulation of the strong
motion records very much. Although guess of initial of the
rupture parameters can be made using the previous studies
or it may be independent studies. To final the model iter-
ative modeling has been done and obtained results are
compared with the observed data in terms of root mean
square error. Modeling parameters of the initial rupture
model are given in Table 3. It is seen that the shape of
accelerogram at any station is significantly affected by the
position of finite fault and nucleation point, dip, strike
velocity of the rupture plane. Once the initial position of
finite fault has been fixed in the vicinity of the focus, it has
been changed iteratively to obtain minimum error position.
Table 4 gives the range of the model parameters which are
used in the simulation and help in deciding the selecting
final rupture model.

Table 3 Modeling parameters for simulation

Modeling parameter Source

Length—144 km Wells and Coppersmith (1994)

Width = 40 km Wells and Coppersmith (1994)
Dip = 6° CMT Harward

Strike = 287° CMT Harward

Depth= 12 km CMT Harward

NL =3 Kanamori and Aderson (1975)
Nw=3 Kanamori and Aderson (1975)
Vr = 2.9 km/s Fan and Shearer (2015)

B = 3.6 km/s

QB = 1674 Nath and Thingbaijam (2009)

Table 4 Velocity model used to model the Nepal Earthquake, Yu
et al. (1995)

Thickness (km) V, (km/s) Density (g/cm?)
0.4 2.00 1.8
1.0 2.86 2.4
15.0 2.97 2.6
30.0 3.43 2.9

The radiation pattern and the arrival time of the envel-
ope at the observation point are dependent on the position
of the rupture plane. To select the final position of the
rupture plane, nine different models are checked in a range
of + 5 km to — 5 km along dip and strike of the rupture
plane. Other parameters of this rupture model are same as
that given in Table 3 .Velocity model used in this study are
given in Table 4 which was given by Yu et al. (1995).
Position of the rupture plane that is considered for simu-
lation at Kantipath station is shown in Fig. 7. Modeled
records at Kantipath station for various positions of rupture
plane are shown in Fig. 7.

All sub-faults enclosed in the rupture plane have equal
possibilities having the starting point of the rupture. The
rupture model of Nepal earthquake consists of nine sub-
faults, therefore, giving rise to nine possibilities of nucle-
ation point. Acceleration waveform obtained from each
possibility is compared with the observed data to get the
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Fig. 7 a Various positions at which rupture plane is placed to
simulate record at Kantipath Station. b Red color shows the observed
records, blue color shows the simulated record for rupture positioned

best fit. Minimum RMSE is obtained for the sub-fault
located at central element in topmost row acts as nucleation
point from Fig. 8.

The rupture velocity is also a controlling factor in the
entire simulation process. This affects the arrival time of
envelope at the observation point. The initial rupture velocity
has been assumed as 2.9 km/s given by Fan and Shearer
(2015) and then changing from 2.4 to 3.6 km/s with incre-
mental of 0.2 km/s to get the final rupture velocity.

Seven records were simulated at Kantipath station using
range 2.4-3.6 km/s of the velocity of the rupture plane as
shown in Fig. 9. The rupture velocity is 3.0 km/s at which
the minimum root mean square error has been obtained
between the simulated and observed records.

The range of the dip and strike is shown in Table 5.
Simulation have been done by changing the dip and strike
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O3 and black color shows the simulated records corresponding to their
positions as shown. ¢ Comparison of response spectra of simulated
record by placing rupture at O; with that from observed record

(range given in Table 5) but no significant changes observe
in the rupture parameters, no significant effect on the
simulated records and there is no change in the root mean
square error between the simulated and recorded record. So
the value of the dip and strike used in the present study as
given in Table 3.

Simulation of strong ground motion

Once the modeling parameters of the rupture plane are
decided, then simulation of the accelerograms at the far
field five stations in Kumaon array has been done. These
modeled records are compared in terms of its parameters
and complete waveform with the observed record. Simu-
lated records do not contain site amplification terms, so the
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Fig. 8 (i)—(ix) gives simulated NS and EW component for the nucleation point from 1 to 9 at Kantipath station. Blue record represents minimum

root mean square error between simulated and observed waveform

observed records need to be corrected for hard rock. So it is
required to remove the site effect from the recorded records
at each station. The simulation technique used in the pre-
sent study uses quality factor Qg(f) of S wave. Quality
factor Qp(f) of S wave is used at different four stations as
given in Table 6 (Joshi et al. 2012c). As Kapkot station has
no more sufficient data to calculate the quality factor of
shear wave. The observed records at hard rock site after
correcting the soil amplification have been simulated at
Kapkot station using nearby Qg(f) obtained at Bagehswar
station which lies at a distance of 17 km. Observed and
simulated records at rock site are compared and shown in
Fig. 10 and Fig. 11 shows the comparision between the
response spectra of the observed and simulated records.
Comparision of the PGA of the observed and simulated for
the NS and EW components are shown in Fig. 12. PGA at
hard rock site obtained from modeled record and processed
observed record is shown in Table 7 with epicentral
distance.

The corrected S phase portion is used for comparing the
observed and modeled records and best fit in terms of its
statistical parameters and shape. The response spectra of
the simulated record between time period 0.2-2 s are
comparable with the observed response spectra in the same
interval and the response spectra have been determined at
5% damping.

Station wise simulation
Kanalichina

The simulated accelerogram is comparable with the
observed accelerogram in terms of statistical parameters
and shape. The response spectrum of synthetic records
matches with that response spectra of observed records.
Peak ground acceleration of the observed and simulated
time series are comparable for both horizontal components.
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Fig. 9 The simulated NS and EW component for rupture velocity from 2.4 to 3.6 is shown in (i) to (vii), respectively, at Kantipath

Table 5 Range of modeling parameters

Model parameter Range

Several possible locations in all direction at a
uniform distance of 5 km

Location

Starting point of  All elements

rupture
Rupture velocity  2.4-3.6 km/s
Vr
Dip 2-10°
Strike 282-292°
Bageshwar

The simulated accelerogram is comparable with the
observed accelerogram in terms of statistical parameters
and shape. The response spectrum of synthetic records

@ Springer

matches with that response spectra of observed records.
Peak ground acceleration of the observed and simulated
time series are comparable for both horizontal components.

Berinag

The simulated accelerogram is comparable with the
observed accelerogram in terms of statistical parameters
and shape. The comparison is based on the root mean
square error between the observed and simulated records.
The response spectrum of synthetic records matches with
response spectra of observed records. Peak ground accel-
eration of the observed and simulated time series are
comparable for both horizontal components.
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Table 6 Q relations for stations of the Kumaon Himalaya except Kapkot (Joshi et al. 2012c)

Final Qg(f) relation using value of Qg(f) obtained from NS and
EW component separately

Stations Obtained result for NS Obtained result for EW
component component
Qg(f) relation RMSE  Qg(f) relation

RMSE  Qg(f) relation

Bhageshwar (34 £ 4.1)/"> = %19 00328 (41 £ 5.1 =12
Berinag (15 £ 2.3 £ 019 00566 (23 £ 2.2)f"2 = 00
Knalichhina (22 4 2.9)/"2 %19 00682 (19 & 2.9)f"+ * 12
Kamedidevi (27 & 4.4)F"0* %% 00863 (24 & 4.2)f*% * 207

0.0212 (39 £ 4.7)f12 £ 01D
0.0360 (21 £ 5.7)f12 £ 01D
0.0572 (22 + 30) 1.3 £+ 0.09)
0.0783 (25 + 5.4)F00 + 096
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Fig. 10 Both the time histories of the north south and east west
components for observed and simulated records are compared at.
a Kantipath, b Knalichina, ¢ Bageshwar, d Berinag, e Kamedidevi,

Kamedidevi

The simulated accelerogram is comparable with the
observed accelerogram in terms of statistical parameters
and shape. The comparison is based on the root mean
square error between the observed and simulated records.
The response spectrum of synthetic records matches with
that response spectra of observed records. Peak ground
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f Kapkot .Red color represents the observed records and black color
represents the simulated records, respectively

acceleration of the observed and simulated time series are
comparable for both horizontal components.

Kapkot

The simulated accelerogram is comparable with the

observed accelerogram in terms of statistical parameters
and shape. The comparison is based on the root mean
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Fig. 11 Responses spectra which are obtained from simulated time
series and observed time series of NS and EW components are
compared in a reasonable range at. a Kantipath, b Knalichina,

¢ Bageshwar, d Berinag, e Kamedidevi, f Kapkot. Red color
represents the observed records spectra and black color represents
the simulated records spectra, respectively
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square error between the observed and simulated records.
The response spectrum of synthetic records matches with
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that response spectra of observed records. The reason for
that Qg(f) for this region is not sufficient to provide good
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Table 7 Maximum PGA of the observed and simulated records with epicentral distance from the epicenter of the Earthquake

Sr.  Stations Epicentral PGA obtained from NS PGA obtained from EW PGA simulated from PGA simulated from
no. distance (km) component component NS component EW component

1 Knalichina  463.6 2.36 1.70 3.08 3.46

2 Bageshwar  515.1 2.19 3.85 1.49 3.48

3 Berinag 487.4 1.20 1.62 1.03 2.41

4 Kamedidevi 498.3 1.04 0.96 0.74 1.78

5 Kapkot 508.6 3.20 3.32 2.33 3.53

matching. A comparable best fit between peak ground
acceleration of NS and EW is simulated and the observed
data have been observed. The Q relations for all stations of
the Kumaon Himalaya array are given in Table 6 except
the Kapkot due to non-availability of the data.

Conclusions

We had used strong motion data of the Nepal main shock
(M, = 7.9) and aftershock (M,, = 6.6) to model the Nepal
main shock which were recorded on far field station
installed in Kumaon Himalaya region. Strong motion data
of the aftershock are used to determine the source param-
eters of the aftershock which is used to model the Nepal
main shock. The average value of the seismic moment and
stress drop is 8.26 x 10*° dyn cm and 10.48 bar, respec-
tively, for the aftershock. Initially near field strong motion
data recorded at Kantipath station is modeled by changing
the nucleation point, rupture velocity several possible
location and then finalized the parameters based on the root
mean square between the observed and simulated records
and their response spectra. It is concluded that changing
location, nucleation point and rupture velocity has more
affect the modeled time series. These final parameters are
used to model the far field strong motion data recorded at
stations in Kumaon Himalaya.

The comparison of full waveform and its response
spectra has been made to finalize the rupture parameters
and its location. The comparison of observed and simulated
records shows that this earthquake was triggered by a
rupture propagating in NE-SW direction with a rupture
velocity 3.0 km/s from a distance of 80 km from Kath-
mandu at a depth of 12 km. Simulation of the strong
motion due to an earthquake is widely used in the earth-
quake engineering other branches of the engineering seis-
mology. The simulation of the Nepal earthquake is helpful
in estimating the seismic hazard assessment and to under-
stand the source modeling of the earthquake.
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