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Abstract: To understand the variation of stress levels in the region 80◦E– 89◦E and

26◦N– 31◦N, the statistical analysis of earthquake frequency-magnitude distribution and

spatio-temporal variation of fractal correlation dimension of earthquake epicenter distri-

bution are estimated. The analysis is carried out on declusterised catalogue containing

1185 events of 56 years from February 1964 to November 2020. The study area is divided

into three regions the western Nepal and vicinity (Region A), central Nepal and vicinity

(Region B) and eastern Nepal and vicinity (Region C), respectively. The magnitude of

completeness (Mc) varies from 3.6 to 4.0 for the study period. The spatial fractal dimen-

sion (Dc) and b-value are calculated as 1.89± 0.02 and 0.68± 0.03 for the western Nepal,

1.76±0.01 and 0.60±0.05 for the central Nepal, whereas they are estimated as 1.85±0.02

and 0.63 ± 0.03 for the eastern part of the Nepal. The b-values obtained for all three re-

gions are very low comparing to global average value of 1. The time clustering of the

events in the respective regions are 0.26± 0.003, 0.31± 0.004 and 0.26± 0.02 as indicated

by temporal fractal dimension (Dt). The higher Dc, lower b and Dt values associated

with the regions indicate high stress concentration and stronger epicenter clustering in

these regions. The strongly increasing trend of fractal dimension and strongly decreasing

trend of b-value show the high probabilities of occurring the large earthquake in both cen-

tral Nepal (82.5◦E– 85.5◦E and 27.5◦N– 30◦N) and eastern Nepal (85.5◦E– 88.2◦E and

26.45◦N– 28.6◦N) as compared to western Nepal (80◦E– 82.5◦E and 28◦N– 30.5◦N). This

statistical analysis of spatial and temporal characteristics of the earthquake activity may

give significant signs of the future seismic hazard along central Himalaya region.
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1. Tectonics of the Himalaya

The Himalaya, the youngest and the highest mountain range in the world is
resulted from the collision of the Indian and Eurasian plates (Bilham, 2019;
Wang and Fialko, 2015). After the collision, subsequent thrusting of Indian
plate into the Eurasian plate led to the formation of the Himalaya range
and the largest and highest plateau – Tibetan plateau (Butler et al., 2007;
DeCelles et al., 2014; Ni, 1989; Pandey et al., 1995). The mechanism of
the formation of the Himalaya is that at some point between 65Ma (million
years ago) and 45Ma, India collided with Eurasia creating the Indus Yarlung
Suture (IYS) – a zone that delineates the approximate boundary between
the Indian and Eurasian plate. Thereafter the elevation of the Himalayan
Mountain range began to take place in which the Eurasian plate was partly
crumpled and buckled up above the Indian plate. Finally, the Himalayas
gain their present height between 2.5 Ma and 1.8 Ma (Cattin et al., 2001;
DeCelles et al., 2002; Molnar and Pandey, 1989; Webb et al., 2011). The
dominant push of the Indian continental crust breaks itself into a lower and
upper block at a depth. The breaking plane separating these two blocks of
the Indian crust is called the Main Himalayan Thrust (MHT). It is gentle
north dipping fault with 75km width and three splays (DiPietro and Pogue,
2004). The Main Central Thrust (MCT) is the oldest, the Main Bound-
ary Thrust (MBT) is the younger and the Main Frontal Thrust (MFT) or
Himalaya Frontal Thrust (HFT) is southernmost and the youngest splay
which is also the surface exposure of MHT. These structures strike the en-
tire length of the Himalayan Arc (Shanker et al., 2011; Yin et al., 2010).
The Main Central Thrust is a major intra-continental fault along 2200 km
of the Himalaya Mountain belt where the Indian plate has pushed under
the Eurasian plate along the Himalaya (DiPietro and Pogue, 2004). The
MCT and South Tibetan Detachment (STD) run in sub-parallel way and
bound a thick bundle of mid-crustal rocks that extend from the Himalayan
front to the north beneath southern Tibet (Kellett et al., 2019). The MBT
is another major thrust fault that runs parallel to the MFT with a spacing
distance of about 20 km. In addition, several lineaments like the Motihari
Gaurishanker, Motihari Everest, Arun, Kanchenjunga etc. in eastern Nepal
produce noticeable offsets on the MCT and MBT. Many others lineaments
like Karnali, Judi, Thaple are establish faults as known from ground map-
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ping in the west of the Kathmandu fault (Dasgupta et al., 1987; Prakash et
al., 2016; Upreti et al., 2007) (Fig. 1).

Fig. 1. Spatial distribution of 1185 earthquake events in the study region. 1170 earth-
quakes having magnitude ≤ 5.9 mb are shown by solid circle. Color of the circle indicates
the depth of the earthquake events. 13 yellow stars stand for the earthquake events ≥ 6 mb
and 2 red stars for Gorkha earthquake (Mw 7.8) and Dolakha earthquake (Mw 7.3). Blue
stars for 1833 Kathmandu earthquake (M 7.7) and 1934 Nepal-Bihar earthquake (M 8.3).
Regions of interest are demarcated by orange box into regions A, B and C. Inset map at
bottom left corner of the map shows study region bounded by red box. Major thrusts of
the region MHT, MBT, MCT and STD are shown along with IYS. Regional faults are
depicted by dashed lines where KF is Karnali fault, JF is Judi fault, TF is Thaple fault,
KTMF is Kathmandu fault, MG is Motihari Gaurishanker fault, ME is Motihari Everest
fault, AF is Arun fault and KANF is Kanchenjunga fault. The blue contour indicates
the approximate position of rupture rim of mainshock of Gorkha earthquake (Grandin et

al., 2015; Letort et al., 2016) and red wavy line over MHT indicates the rupture length
(∼150 km in Nepal) of the 1934 Bihar-Nepal earthquake (Sapkota et al., 2013; Wei et

al., 2018).

2. History of earthquakes in Nepal

The cause of a major geo-hazard in the Himalayas is/are earthquakes. The
Main Himalayan Thrust (MHT) constantly gathers the massive amounts
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of strain and rupture process along it is the source of great earthquakes
that have been documented along the range. (Bilham, 2019; Hubbard et
al., 2016). Nepal measures about 880 km along its Himalayan axis by 150
to 250 km across so it is highly vulnerable to a disaster like earthquakes.
In the earthquake history of Nepal two big earthquakes registered were 7.7
magnitude earthquake of 1833 that killed 414 people and 8.3 magnitude
earthquake of 1934 that killed 8519 people (Joshi and Kaushik, 2017). The
comparatively much smaller earthquakes that visited the nation were 1980
earthquake of 6.5 magnitude in western part of Nepal that killed 103 peo-
ple, and 1988 earthquake of magnitude 6.5 in eastern part of Nepal that
killed 721 people (Chhetri, 2018; Miyake et al., 2017). The most destruc-
tive earthquakes of 1934, 1980, 1988, and 2015 AD (Gorkha earthquake, 25
April) caused heavy fatalities and destruction of physical properties. The
Gorkha event that ruptured a 50 km segment of the MHT has ended east-
ward in the area that was already broken during the 1934 Bihar-Nepal earth-
quake (Adhikari et al., 2015; Elliott et al., 2016; Ramesh et al., 2018). The
earthquake is located at 15km depth with epicenter at 28.147◦N–84.708◦E.
Among the intense aftershock sequences, two larger aftershocks of Mw 6.6
and Mw 6.7 were followed by the largest aftershock of magnitude Mw 7.3
on the southeastern end of the main rupture (Avouac et al., 2015; Mitra et
al., 2015).

It is believed that the Gorkha earthquake did not release all the stress as
it was expected to release. It would take the really big earthquake of Mw 8
and above for the strain to be relieved (Bilham, 2019; Sreejith et al., 2018).
The partial rupture caused by the 1833 earthquake and the 2015 earth-
quake may initiate great earthquake in future by uncovering the shallow
sealed slice of the MHT (Sreejith et al., 2018). They further recommended
that some of this stress has shifted west to an area enlarging from Pokhara,
Nepal to the Delhi, India (Bilham, 2019; Grandin et al., 2015). The central
gap stretching from east Uttarakhand to central Nepal has been recognized
that might fail, or collapse, either individually or in tandem with neigh-
boring segments, in future earthquakes (Mw 8.5–8.7) (Bilham, 2019). Even
though, there is a long history of Himalayan research, the seismic activity
and seismogenic structures of the Himalayan range is not fully understood
yet. The study therefore attempts to understand the seismic activity as well
as stress level in central Himalaya region in terms of b-value of frequency
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magnitude distribution and the spatio-temporal clustering of the earthquake
events for the period of last 56 years.

3. Frequency magnitude distribution and fractal geometry

Earthquake epicenters/hypocenters can be considered as to be point events
in space and time. If the occurrence of one earthquake is uncorrelated
with other earthquakes events, then the distribution of events can be ex-
plained by Poisson (random) distribution having well-understood mathe-
matics (Greenhough and Main, 2008; Wu et al., 2019). In regional seismic-
ity studies, the distributions are not Poisson (Smalley et al., 1987; Knopoff,
2000) so cannot be explained by purely Poisson process. Then the distri-
bution of events is explained by fractal geometry which applies scale in-
variant properties to study earthquakes. It is well known that earthquake
phenomenon exhibit a scale-invariant character in several statistical fea-
tures like Gutenberg-Richter (GR) earthquake sizes power law distribution
(Gutenberg and Richter, 1944), fractal dimension of epicenters/hypocenters
etc. The GR relationship is:

logN = a− bM . (1)

In the relation above, N is the cumulative number of events having mag-
nitude ≥M , the constant ‘a’ is the seismicity of the region, and ‘b’ is the
b-value of the earthquake frequency magnitude distribution. The b-value for
earthquakes distribution that covers large area and extended time is typi-
cally equal to 1. The global study on b-value reveals that b-value varies sig-
nificantly between individual fault zones, time, and space (Nuannin, 2006;
Schorlemmer et al., 2005). Its variation is systematic in the period pre-
ceding a major earthquake (Smith, 1981). A high b-value means plenty of
smaller events compared to larger ones and vice versa (Yeken, 2016). For
the fractal behavior of earthquakes, fractal dimension is usually favored to
investigate the clustering properties and size-scaling characteristics of earth-
quake parameters. Fractal distributions are the only distributions which do
not include a typical length scale, and so, can be practicable to scale invari-
ant phenomena (Shcherbakov et al., 2015, 2004). The temporal correlation
dimension shows that earthquake occurrence is characterized by clustering
properties with both short and long-time scales (Mondal and Roy, 2016;
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Nakaya and Hashimoto, 2002).

4. Data and methodology

Our study is limited to the region 80◦E– 89◦E and 26◦N–31◦N which covers
the total area of Nepal and its vicinity. Analysis is done on the database
prepared from the catalogue of ISC (International Seismological Centre) and
USGS (United State Geological Survey). The time window of study is from
1964-01-01 to 2020-11-23. We retrieved the 2457 earthquakes data from
the above-mentioned sources. After declusterisation (Gardner and Knopoff,
1974), 1185 events are retained for the region where 15 events are with
magnitude ≥ 6 mb and 1170 events are less than 6 mb. The study region
is further segmented into three regions containing 777 earthquake events
altogether. The segmentation of the region is based on the nature of the
faulting. The thrust dominated part appears in the western and central
Nepal region, whereas, in the eastern Nepal, it is combination of thrust and
strike-slip (Shanker et al., 2011). The regions segmented are:

(I) Western Nepal and its vicinity (Region A) 80◦E– 82.5◦E and 28◦N–
30.5◦N comprising 351 events.

(II) Central Nepal and its vicinity (Region B) 82.5◦E– 85.5◦E and 27.5◦N–
30◦N comprising 141 events.

(III) Eastern Nepal and its vicinity (Region C) 85.5◦E– 88.2◦E and 26.45◦N–
28.6◦N comprising 285 events.

The magnitude of completeness is computed by the first derivative of
the frequency magnitude curve (Wiemer and Wyss, 2000). The maximum
likelihood estimation (MLE) method (Aki, 1965) was used for the calculation
of b-value. The error estimation of the b-value and Mc is based on the boot-
strapping method (Amorèse et al., 2010):

b =
log10 e

Ma − (M −∆M/2)
, (2)

where e is a constant, Ma is the average magnitude, M is the minimum
magnitude in the catalogue and ∆M is the binning width of the catalogue
(Aki, 1965). An estimate of the standard deviation (δb) of the b-value is
given as suggested by (Shi and Bolt, 1982):
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δb = 2.3 b2

√

√

√

√

√

√

√

N
∑

i

(Mi −Ma)
2

ns(ns − 1)
, (3)

where ns is the sample size (total number of events of the sample).
The Grassberger and Procaccia (1983) correlation dimension calculation

method or sphere counting method is among the extensively used method
to study space time characteristics of earthquake activity. It is based on
power law and is used for spatio-temporal studies on the space-time char-
acteristics of earthquake activity for various parts of the world (Oncel and
Wilson, 2007; Ormeni et al., 2017; Pailoplee and Choowong, 2014; Roy et
al., 2011). In this method the correlation integral function is defined as:

C(r) =
2

N(N − 1)

N
∑

i,j=1

i6=j

H(r − |Xi −Xj |) , (4)

where N is the total number of earthquakes in the given window, Xi −Xj

is the angular distance between two events, calculated by using spherical
triangle method (Hirata, 1989), and H(r − |Xi −Xj |) is the Heaviside step
function where r is the scaling radius.

The clue of possible approaching phase for large earthquakes can be
better understood by investigating the temporal fluctuations of seismic se-
quences. It can be done by calculating the temporal correlation dimension
based on the correlation integral function (Mondal and Roy, 2016; Nakaya
and Hashimoto, 2002):

C(τ) =
2

N(N − 1)

N
∑

i,j=1

i6=j

H(τ − |ti − tj|) , (5)

where N is the number of total earthquakes in the given window, τ is scaling
time, ti − tj is the inter occurrence time and H(τ − |ti− t|) is the Heaviside
step function. Now the correlation dimension can be defined from the power
law relations:

C(r) ∼ rD, for spatial correlation dimension and

C(τ) ∼ τD, for temporal correlation dimension.
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The graphs are plotted for log r− logC(r) and log τ− logC(τ) then after
respective fractal dimensions (D) can be obtained as the slope of the linear
segment of the graph. The time variation of Mc and b-value are calculated
by taking window size = 100, minimum number of events = 50, window
overlap = 4%, bootstraps = 200, magnitude binning = 0.1 from Zmap soft-
ware.

5. Results and discussion

The magnitude of earthquakes versus time in the western Nepal and vicinity
is shown in Fig. 2a which shows the largest earthquake of the region was
6.1 mb on 1980. The b-value for the region was computed to be very low
(0.68 ± 0.03) comparing to the global average value of 1 for the period of
the study (Table 1 and Fig. 2c). The b-value before Gorkha earthquake
(from window 1 to window 8) ranges from 0.84 ± 0.08 to 0.79 ± 0.08 and
it is slightly high after Gorkha earthquake (0.90 ± 0.09) and thereafter it
is around 0.86 to 0.87. The spatial correlation dimension (Dc) varied from
1.52 to 1.94 for different windows while it was noticed 1.89± 0.02 for entire
region (Table 1 and Fig. 2e). It was suggested the Dc value of seismically
active region ranges between 0 and 2 (Singh et al., 2009; Tosi, 1998). Thus,
the western Nepal could be interpreted as being seismically active. More-
over, the spatial fractal dimension greater than 1.5 indicates the faults in
the region are approaching to the near planar structure. The temporal cor-
relation dimension (Dt) varied between 0.22 to 0.31 for different windows
and it was computed as 0.26 ± 0.003 for entire study period (Table 1 and
Fig. 2f). The results indicate that the time clustering of earthquakes could
be homogeneous (or monofractal).

The maximum Mc above 5 is found at the beginning of the computa-
tions before 1980. Thereafter it is found decreasing and minimum Mc value
is computed for the catalogue after 2010 between 3.6 and 3.8. After 2015
it is around 3.8 (see Fig. 2b). The Mc value for entire period of study is
noticed to be 3.9 (Table 1). The temporal variation of b-value is constant
around the global average value of 1. The lowest value of 0.81 was observed
for 11 May 2010. It was noticed 0.88 for 14 January 2014 and just around 1
after 2015 Gorkha earthquake (Fig. 2d). There are no distinct earthquake
precursors before the 2015 Gorkha earthquake according to the temporal
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Fig. 2. Graphs showing (a) temporal variations of magnitude of the earthquake, (b) time
variations of magnitude of completeness Mc with standard deviation (δMc) shown by
the dashed lines, (c) frequency magnitude distribution b-value (d) temporal variation
of b-value with standard deviation (δbc), (e) spatial correlation dimension (f) temporal
correlation dimension for earthquake events from 1964 to 2020 in the demarcated region A.

variations of b-value in western part of the Nepal.
The magnitude of earthquakes versus time in the central Nepal and

vicinity is shown in Fig. 3a showing 6.9 mb 2015 Gorkha earthquake as the
biggest event in the region so far. The b-value in this region was computed
to be very low (0.60 ± 0.05) than the global average value of 1 during pe-
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Table 1. Time window, b-value with completeness magnitude Mc, temporal correlation
dimension (Dt) and spatial correlation dimension (Dc) with their coefficient of determina-
tion (R2) for 11 windows (10 windows each of 100 events and 11th window of 101 events)
of region A.

Window Time b-value Mc Dt R
2

Dc R
2

1
1964-05-24 –

0.84 ± 0.08 4.5 0.22 ± 0.004 0.995 1.68 ± 0.009 0.999
1998-05-20

2
1978-03-07 –

0.69 ± 0.06 4.1 0.24 ± 0.003 0.998 1.78 ± 0.02 0.994
2002-06-04

3
1988-05-15 –

0.87 ± 0.09 4.1 0.26 ± 0.003 0.998 1.72 ± 0.02 0.995
2004-04-03

4
1994-07-17 –

0.93 ± 0.10 3.9 0.31 ± 0.004 0.997 1.62 ± 0.01 0.999
2006-04-15

5
1998-07-15 –

0.86 ± 0.08 3.8 0.29 ± 0.003 0.998 1.58 ± 0.01 0.996
2008-12-26

6
2002-06-04 –

0.94 ± 0.09 3.8 0.23 ± 0.003 0.998 1.52 ± 0.02 0.991
2010-06-13

7
2004-04-17 –

0.80 ± 0.08 3.6 0.22 ± 0.002 0.999 1.70 ± 0.02 0.992
2012-07-11

8
2006-05-05 –

0.79 ± 0.08 3.6 0.26 ± 0.004 0.997 1.64 ± 0.02 0.991
2014-02-11

9
2009-01-23 –

0.90 ± 0.09 3.6 0.27 ± 0.003 0.998 1.94 ± 0.03 0.991
2015-10-19

10
2010-06-13 –

0.87 ± 0.09 3.6 0.26 ± 0.004 0.996 1.93 ± 0.03 0.991
2017-07-15

11
2012-07-28 –

0.86 ± 0.08 3.6 0.28 ± 0.003 0.994 1.70 ± 0.02 0.995
2020-10-28

Entire 1964-05-24 –
0.68 ± 0.03 3.9 0.26 ± 0.003 0.997 1.89 ± 0.02 0.995

region A 2020-10-28

riod of the study (Table 2 and Fig. 3c). The b-value decreases from 0.71
to the lowest value of 0.68 and then increases up to 0.82 for the period of
study. The low b-values 0.71±0.08 and 0.68±0.07 are observed for the win-
dow 2 (1979-01-01 to 2015-4-25) and window 3 (1985-10-21 to 2015-07-01).
The slight decrease in b-value before Gorkha earthquake may be because
of occurrence of foreshocks and variations in b-value after the earthquake is
attributed to the aftershock activity [46]. The calculated spatial correlation
dimension (Dc) varied from 1.62 to 1.84 for different windows while it was
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Fig. 3. Graphs showing (a) temporal variations of magnitude, (b) time variations of
magnitude of completeness Mcwith standard deviation (δMc) shown by the dashed lines,
(c) frequency magnitude distribution b-value, (d) temporal variation of b-value with stan-
dard deviation (δbc), (e) spatial correlation dimension, (f) temporal correlation dimension
for earthquake events from 1965 to 2020 in the demarcated region B.

noticed 1.76 ± 0.01 for entire study period (Table 2 and Fig. 3e). These
results indicate that the central Nepal is seismically active with seismogenic
structure of planar geometry. The temporal spatial correlation dimension
(Dt) varied between 0.27 to 0.30 for different windows and it was computed
as 0.31 ± 0.004 for entire study period (Table 2 and Fig. 3f). The results
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Table 2. Time window, b-value with completeness magnitude Mc, temporal correlation
dimension (Dt) and spatial correlation dimension (Dc) with their coefficient of determi-
nation (R2) for 5 windows (4 windows each of 100 events and 5th window of 101 events)
of region B.

Window Time b-value Mc Dt R
2

Dc R
2

1
1965-06-01 –

0.71 ± 0.07 4.0 0.27 ± 0.002 0.999 1.78 ± 0.01 0.996
2012-08-23

2
1979-01-01 –

0.71 ± 0.08 4.0 0.29 ± 0.004 0.998 1.84 ± 0.02 0.996
2015-04-25

3
1985-10-21 –

0.68 ± 0.07 3.7 0.29 ± 0.003 0.998 1.75 ± 0.01 0.997
2015-07-01

4
1993-07-05 –

0.82 ± 0.10 3.7 0.30 ± 0.005 0.996 1.71 ± 0.01 0.998
2018-06-14

5
1997-05-28 –

0.79 ± 0.10 3.7 0.29 ± 0.004 0.997 1.62 ± 0.01 0.999
2020-05-30

Entire 1965-06-01 –
0.60 ± 0.05 3.7 0.31 ± 0.004 0.998 1.76 ± 0.01 0.996

region B 2020-05-30

indicate that the time clustering of earthquakes can be considered to be
homogeneous (or monofractal) for this region as well.

The maximum Mc above 4.6, is found at the beginning of the compu-
tations before 1990. Thereafter it is found decreasing in linear trend. The
minimum Mc value below 3.8 is computed for the catalogue around 2015
(Fig. 3b). The Mc value for entire period of study noticed to be 3.7 (Ta-
ble 2). The temporal variations show b-value very lower than 1. The lowest
value 0.66 is noted for 1 March 2002. Thereafter it seems rising gradually
and it is just above 0.8 after 2010 (Fig. 3d).

The magnitude of earthquakes versus time in the eastern Nepal and
vicinity is shown in Fig. 4a showing 6.7 mb earthquake on 12 May 2015 as
the biggest one. The b-value in this region was computed to be very low
(0.63 ± 0.03) than the global average value of 1 for the period of the study
(Table 3 and Fig. 4c). The b-values before Gorkha earthquake (from window
1 to window 5) range from 1.12±0.16 to 0.86±0.10 and after Gorkha earth-
quake it ranges from 0.82 ± 0.11 to 0.70 ± 0.09 (from window 6 to window
9). The results show increase in b-value for several years before earthquake
and followed by a decrease after the occurrence of the Gorkha earthquake.
This may be the indication of smaller events before the major events. The
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Fig. 4. Graphs showing (a) temporal variations of magnitude, (b) time variations of mag-
nitude of completeness Mc with standard deviation (δMc) shown by the dashed lines,
(c) frequency magnitude distribution b-value, (d) temporal variation of b-value with stan-
dard deviation (δbc), (e) spatial correlation dimension, (f) temporal correlation dimension
for earthquake events from 1964 to 2020 in the demarcated region C.

calculated spatial correlation dimension (Dc) varied from 1.65 to 1.87 for
different windows while it was noticed 1.82 ± 0.002 for entire study period
(Table 3 and Fig. 4e). The Dc value of seismically active region ranges
between 0 and 2 (Tosi, 1998; Xu, 2011), thus, the eastern Nepal could be
interpreted as being seismically active. The temporal spatial correlation
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Table 3. Time window, b-value with completeness magnitude Mc, temporal correlation
dimension (Dt) and spatial correlation dimension (Dc) with their coefficient of determi-
nation (R2) for 9 windows (8 window each of 100 events and 9th window of 85 events) of
region C.

Window Time b-value Mc Dt R
2

Dc R
2

1
1964-02-01 –

1.12 ± 0.16 4.7 0.26 ± 0.004 0.996 1.80 ± 0.02 0.996
2002-05-02

2
1987-04-23 –

0.71 ± 0.16 4.0 0.22 ± 0.003 0.998 1.80 ± 0.02 0.995
2005-02-08

3
1995-02-18 –

1.02 ± 0.12 4.2 0.29 ± 0.003 0.998 1.83 ± 0.02 0.995
2008-04-01

4
1998-06-27 –

0.93 ± 0.11 3.9 0.28 ± 0.004 0.997 1.66 ± 0.01 0.999
2010-09-28

5
2002-05-03 –

0.86 ± 0.10 3.7 0.25 ± 0.003 0.998 1.65 ± 0.01 0.998
2013-02-04

6
2005-02-08 –

0.82 ± 0.11 3.9 0.25 ± 0.004 0.996 1.82 ± 0.03 0.996
2015-04-27

7
2008-04-12 –

0.80 ± 0.11 3.7 0.28 ± 0.005 0.995 1.84 ± 0.02 0.997
2017-01-12

8
2010-10-05 –

0.76 ± 0.11 3.8 0.28 ± 0.004 0.996 1.87 ± 0.02 0.997
2019-06-17

9
2013-02-05 –

0.70 ± 0.09 3.8 0.26 ± 0.003 0.998 1.87 ± 0.02 0.997
2020-11-23

Entire 1964-02-01 –
0.63 ± 0.03 3.8 0.26 ± 0.003 0.997 1.85 ± 0.02 0.994

region C 2020-11-23

dimension (Dt) varied between 0.22 to 0.29 for different windows and it was
computed as 0.26±0.003 for entire study period (Table 3 and Fig. 4f). The
results indicate that the time clustering of earthquakes can be considered
to be near homogeneous monofractal) for eastern Nepal also.

The maximum Mc between 4.5 and 5, is found at the beginning of the
computations before 1985. Thereafter it is found decreasing in linear trend.
The minimum Mc value around 3.8 is computed for the catalogue after 2015
(Fig. 4b). The Mc value for entire period of study noticed to be 3.8 (Ta-
ble 3). The temporal variation of b-value shows the highest b-value 1.01 for
26 December 2006 and ∼ 0.8 before Gorkha earthquake (Fig. 4d).

The negative and weak correlation between b-value and spatial fractal
dimension has been observed for all three regions (Fig. 5). The negative
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Fig. 5. Correlation between b-value and spatial correlation fractal dimension (Dc) for
regions A, B and C, respectively.

correlation indicates the release of the stress along the faults of a larger
surface so there is a substantial likelihood of occurrence of huge magnitude
earthquakes in the regions. The distribution of epicenters on larger surface
area could also be understood by high spatial correlation dimension value
computed for the regions (Table 1, Table 2, and Table 3). The negative
correlation is also obtained from the findings of previous articles (Ghosh,
2020; Minocha and Parvez, 2020) for central Himalaya region. The findings
(Minocha and Parvez, 2020) show no significant relation between b-value
and the correlation dimension as indicated by correlation coefficient 0.26.

The b-values obtained for all three regions acceptable for the region where
dominant nature of the fault is thrust type. Schorlemmer et al. (2005) also
indicated that the b-values of thrust mechanisms are low which also sup-
ports our study. Our results can also be compared numerically with the
results of earlier researchers for the Himalayan region. For example, the
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Fig. 6. Variations of the exponent b-value and Dc for different time window for Western
Nepal (Region A), Central Nepal (Region B), and Eastern Nepal (Region C) during the
study period.

b-values were computed between 0.85 to 0.86 for central Himalaya region
before the Gorkha earthquake (Ramesh et al., 2018). The two low b-value
patches (b < 0.75), towards east and west of the 2015 Gorkha earthquake
epicenter had revealed in the preceding works (Sreejith et al., 2018). In the
study carried out by Tiwari and Paudyal (2021) the b-value was noted as
0.78 ± 0.08 for aftershocks sequences after Dolakha earthquake. The frac-
tal dimension computed from this study can also be compared with the
preceding works (Ghosh, 2020; Valerio et al., 2017). Valerio et al. (2017)
computed fractal dimension ranging from 1.5 to 1.57 with average value of
R2 = 0.96 for the Gorkha earthquake sequences that lasted for about 130
day (about 4 and a half months). The work (Ghosh, 2020) computed the
fractal dimension ∼ 2 near the source region of Gorkha earthquake. Higher
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Dc value and low b-value computed for all three regions indicate the release
of stress is on the smaller fault plane that will increase the complexity in
the nearby fault system (Nampally et al., 2018; Roy and Mondal, 2009).

Temporal changes in b-value and Dc for different fixed events time win-
dow (Table 1, Table 2, and Table 3) are plotted in Fig. 6. These variations
depict the possible temporal changes during the time 1964 and 2020. For
Central Nepal (see Fig. 6) Dc values show a strong increasing tendency and
b-values show a strong decreasing tendency from 1979-01-01 to 2015-04-25
(Table 2, Window 2) before the devastating Gorkha earthquake. Similar
trend i.e., increasing value of Dc from 1.66 to 1.87 and decreasing b-value
from 0.93 to 0.70 (Table 3 and Fig. 6) is noticed for eastern Nepal from
1998 onwards. This may suggest the adjacent large earthquake in the re-
gion. Since the higher value of the fractal dimension is more sensitive to
heterogeneity in the magnitude distribution, it can be concluded that seis-
micity is more clustered at larger scales within smaller areas in the eastern
Nepal. For western Nepal, no clear increasing or decreasing trend of both
b-value and Dc value is observed.

In the bulk of the study area, Mc ranges from 3.6 to 4.0 and decrease of
Mc with time is noted which might be related to the improvement of seis-
mic networks in the region. Chingtham et al. (2016) estimated the three-
dimensional distribution of Mc and showed that Himalayan regions have
higher Mc as compared to Gangetic plain. The previous work (Yadav et al.,
2012) have estimated the Mc for northwest Himalaya and adjacent region
considering Mw≥ 4.0 and the results showed that Mc varies from 4.3 to 4.7
which agrees the present study.

6. Conclusion

In this study, the completeness magnitude Mc, b-value of frequency magni-
tude distribution and fractal correlation dimension of earthquake’s epicenter
in Nepal and its vicinity were estimated by analyzing the homogeneous cat-
alogue of 1185 events (1964-01-01 to 2020-11-23). The analysis is based on
fixed event sliding window technique. Mc value for the different time win-
dows varies between 3.6 and 4.7 with dominating value ≤ 4.0. For the most
part of the study area, the value of b is observed ≤ 0.94, it suggests high
stress in the crust that could increase as the result of the constant move-
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ment of Indian plate towards Eurasian plate. Consequently, the probability
of occurrence of future large earthquakes in this area of Himalaya increases.
Dc value shows strong increasing trend and b-value shows strong decreas-
ing trend before Gorkha earthquake in central Nepal region and similar
trend is also noticed for eastern Nepal region. This could be the indication
of impending large earthquake in the Eastern Nepal. For western Nepal,
this study does not notice any pattern in the variation of these parame-
ters. From temporal correlation dimension obtained for these three regions,
it can be concluded that the time clustering of earthquake events is ho-
mogenous. This study enhances the knowledge of understanding the level
of tectonic stress and the degree of heterogeneity of the earthquake sources
in the central Himalayan region.
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