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Abstract

Earthquakes have the largest damaging effects among other natural disasters on a global scale. Efforts for reducing
their effects have taken place for a long time. The prediction of earthquakes was the main target, however, the studies
conducted were not successful. As a replacement, seismic hazard assessments were adopted to predict the levels of
ground motion for possible future large earthquakes. This approach is probabilistic in nature and relies on the quality of
the earthquake catalog. The probabilistic model adopted is built on the assumption that the events in the earthquake
catalog are random Poisson's distribution, assuming that events are independent of each other. Hence, dependent events
should be removed from the catalog. This algorithm is called seismic declustering. It is a step toward conducting a
reliable seismic hazard analysis for the region. For this reason, the epidemic-type aftershock sequence (ETAS) model is
tested to investigate its efficiency to remove dependent events from the catalog of northeastern Egypt. ETAS code is an R
package for fitting the space-time ETAS model to an earthquake catalog, especially large datasets, using the stochastic
declustering approach. For this purpose, an earthquake catalog for the rectangular geographical region 26°—33° N and
30°—36° E representing the northeastern part of Egypt, and period between 1985 and 2022 was extracted and processed.
Applying the whole catalog data to the code results in missing the main shocks of some seismic zones of the study area.
A Dbetter solution to this problem was achieved by subdividing the data in time for periods close to these main shocks.
However, the Gulf of Aqaba event that took place on November 22, 1995 failed to appear as background activity. The
reason for this comes from the foreshocks that preceded the main shock. For this reason, the event is added manually to
the catalog.

Keywords: Dependent earthquake removal, Earthquake catalog, Epidemic-type aftershock sequence, Northeastern
Egypt, Spatiotemporal earthquake distribution

1. Introduction condition buildings. According to the tectonic
framework of Egypt conducted by several re-
searchers (e.g. Khalil & Moustafa, 1995; Meshref,
2017; Morgan, 1990; Said, 1962), the northern part of

is considered low to moderate, even these moderate ~ E8YPt is termed as the unstable shelf including

earthquakes can cause severe damage. For instance, ~ SeVeral neo-tectonic provinces such as the Gulf of
the Cairo earthquake on October 12, 1992, with Aqaba, the Gulf of Suez, the Cairo-Suez District, and
Mw = 5.9 caused severe damage because of its the Mediterranean Sea offshore area. Besides, seis-

proximity to dense population areas with poor mological observations showed that the northern

gypt lies in the northeastern part of the African
continent. Although earthquake activity there
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part of Egypt is considered more seismically active
than the southern part (Fig. 1). Moreover, the
northern part comprises the major proportion of the
economic assets and most of the population of the
country. Hence, several studies (Abdalzaher et al.,
2020; Badawy, 1998; Kebeasy et al., 1981; Khalil et al.,
2015; Maamoun et al., 1984; Mohamed et al., 2012)
were directed toward the seismic hazard assess-
ments to assess the vulnerability and sustainability
of the region.

Seismic hazard assessments are considered as a
replacement for the unsuccessful earthquake pre-
diction efforts. For earthquake-active regions,
seismic hazard assessment is optimum for the
design of earthquake-resistant structures to reduce
human and economic loss expected from future
large earthquakes. These assessments predict the
scenarios of most probable ground shaking levels
that may affect buildings and strategic projects in a
certain design period. Moreover, seismic hazard
assessments are conducted following either
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deterministic or probabilistic strategy. Deterministic
seismic hazard assessments consider the so-called
design earthquake. Such earthquakes assume
higher ground motion levels that may be considered
unlikely. The technique disregards smaller events.
Probabilistic hazard assessments (PSHA), however,
considers several scenarios for ground motion levels
taking into account all events that may affect the site
under consideration.

PSHA adopts the Poisson's distribution model
which assumes that events are independent of each
other. Earthquake catalogs, however, are composed
of independent events and dependent ones (fore-
shocks, aftershocks, and swarms). Thus, all depen-
dent earthquakes must be removed from the
earthquake catalog before PSHA calculations. The
removal algorithm is called “declustering.”

Declustering an earthquake catalog, which is the
process of removing dependent events from the
earthquake catalog is mandatory for seismic hazard
assessment, development of clustered seismicity
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Fig. 1. Seismicity map of Egypt for the period from 1985 to 2022 (Source: International Seismological Center; European-Mediterranean Seismological

Centre) (Di Giacomo and Storchak, 2016).
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models, earthquake prediction research, and seis-
micity rate change estimation (van Stiphout et al.,
2012). As discussed by van Stiphout et al. (2012),
dependent earthquakes cannot be distinguished by
any characteristic feature in their waveforms. Thus,
they can be only distinguished based on their
spatiotemporal proximity to earlier earthquakes, or
by the fact that they occur at rates greater than the
seismicity rate averaged over long durations (back-
ground seismicity). Therefore, to relate a dependent
earthquake to a mainshock, a measure of the
space—time distance between the two must be
identified, and a criterion based on this measure
needs to be met. Over the years, several decluster-
ing algorithms have been proposed, such as win-
dow-based methods (Gardner & Knopoff, 1974;
Uhrhammer, 1986), cluster methods (Reasenberg,
1985; Savage, 1972), and probabilistic stochastic
declustering approach (Kagan & Jackson, 1991;
Zhuang et al., 2002, 2004, Zhuang, 2006). To the best
of our knowledge, most declustering studies con-
ducted in Egypt are based on the traditional win-
dow-based methods due to their simplicity,
especially the methods of Gardner and Knopoff
(1974) and Reasenberg (1985).

In this study, the stochastic approach of Zhuang
et al. (2002) is evaluated as a declustering algorithm
for northern Egypt earthquakes. The algorithm
adopted is the epidemic-type aftershock sequence
(ETAS) model. ETAS is a statistical approach that
explains how each earthquake can generate its af-
tershocks epidemically (Davoudi et al., 2018; van
Stiphout et al., 2012). This approach improves the
previous traditional methods in two ways; the
choice of the space—time distance is improved to
best model the earthquake catalog within the limits
of the ETAS model, and it gives each earthquake the
probability that it is an aftershock of each preceding
earthquake. Thus, all preceding earthquakes are
potential mainshocks instead of binary linking an
aftershock to only one mainshock. These advantages
are expected to improve the PSHA studies.

2. Tectonics and seismicity of the study region

The northern part of Egypt encompasses a sig-
nificant portion of the country's territory and is
characterized by diverse geological formations and
structures. According to Said (1990) and Abd El-Aal
et al. (2020), the northern part of Egypt belongs to
the Mediterranean tectonic domain, which is influ-
enced by the interaction between the Eurasian and
African plates. In addition, Egypt is bounded in the
east by the transform fault movement between the
African and Arabian plates (Fig. 2). This movement

is attributed to the Aqaba-dead Sea transform fault.
Ben-Avraham (1985) and Lyberis (1988) studied the
tectonic activity of the Gulf of Aqaba and the Gulf of
Suez which is affected by the relative movement
between the Arabian and African plates.

The Gulf of Aqaba is believed to be a succession of
NNE-SSW pull-apart basins (Garfunkel, 1981) with
narrow grabens located in eastern Sinai area
(Lyberis, 1988). However, the Gulf of Aqaba-Dead
Sea fault system is a left-lateral movement (Badrel-
din et al., 2019; Freund et al., 1968, 1970; Lyberis,
1988; Quennell, 1959). The tectonic activity of the
area caused several large earthquakes. The most
destructive earthquake from this region was recor-
ded on November 22, 1995, with Mw = 7.3.

The Gulf of Suez, however, extends along the
western edge of the Sinai Peninsula. It was the
northern termination of the Red Sea until the initi-
ation of the Gulf of Aqaba about 19 million years
ago. It was caused by the divergence movement
between the African and Arabian plates. This
movement is believed to have begun in the
Oligocene—Miocene period (Badreldin et al., 2019;
Bosworth et al., 2005, 2019; Lyberis, 1988; Said, 1990).
This movement, as described by Moustafa and
Khalil (2020), started as a continental rifting, which
was later transformed into sea floor spreading by
the continuous extension of the Red Sea. Structur-
ally, the Gulf of Suez comprised three along-strike-
linked subbasins that were separated by complex
accommodation or transfer zones (Bosworth, 1985;
Bosworth et al., 2019; Jarrige et al., 1990; Moustafa,
1976, 1997; Patton et al., 1994). Each of these sub-
basins is a mega-half graben, with the internal
structure of each mega-half graben being domi-
nated by nested, rotated fault blocks defined by sets
of synthetic faults (Bosworth et al., 2019; Bosworth &
McClay, 2001; Colletta et al., 1988; Patton et al., 1994;
Perry & Schamel, 1990).

The Cairo-Suez District starts from Cairo and
extends ~130 km eastwards through the Eastern
Desert to the Gulf of Suez. The structural framework
of the area can be briefly classified into three main
sets; the NW Clysmic, E-W Mediterranean, and
NNW fault trends as discussed by Moustafa and
Abd-Allah (1992) and Hammam et al. (2020).

The area is characterized by several E-W faults
with some NW-oriented faults (Moustafa and Abd-
Allah, 1992; Said, 1962). The three E-W elongated
belts of left-stepped, en echelon, normal faults,
starting from the western-most part of the area and
extending eastwards act as transfer zones between
the NW-oriented normal faults parallel to and syn-
chronous with the NW faults of the Suez rift
(Moustafa and Abd-Allah, 1992). Some of these E-
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Fig. 2. Tectonic settings and active faults of Egypt and its surroundings (Sources: CASMO, GEM and National Geospatial-Intelligence Agency)
(National Imagery and Mapping Agency, 1992; Heidbach et al., 2018; Styron and Pagani, 2020).

W-oriented elongated belts and NW-oriented
normal faults are joined together in zigzag fault
belts in the area.

Also, Egypt is affected by the earthquake activity
of the Eastern Mediterranean region as it lies on the
southeastern part of the Mediterranean Sea. This
region represents the subduction zone between the
African and Eurasian plates with the seafloor
including three main arc systems as presented by
McKenzie (1970, 1972); the Calabrian, Hellenic, and
Cyprus arcs. The area is affected by three main fault
systems: the NW-SE fault trend, the NNE-SSW fault
trend, and the E-W fault trends (Mart, 1984). The
subduction zones in the Mediterranean Sea caused
several earthquakes, a lot of them were destructive
such as the 21 July 365 CE historical strong earth-
quake (Ambraseys, 2009; Ott et al, 2021; Papado-
poulos, 2011; Toni et al., 2024). That event caused a
tsunami that destroyed most cities along the Eastern
Mediterranean basin including the city of Alexan-
dria, which was strongly affected that this event was
commemorated as the “day of horror” for centuries
(Ott et al., 2021). Recently, Egypt was shocked by
several large earthquakes with epicenters located at
the Hellenic and Cyprian arcs. Although these

events were felt noticeably in North Egypt, no sig-
nificant casualties were reported.

Dahshour area is another active area located to
the southwest of Cairo. It has a high impact on
greater Cairo, for example, the October 12, 1992
earthquake caused severe damage. It was recorded
with a magnitude of Mw = 5.8 and caused the death
of many people and damage to several recent and
historical structures as reported by Khalil et al.
(2015). The area of Dahshour, as pointed by Ml
Aboud et al. (2008) and Khalil et al. (2014), is char-
acterized by a complex structure as its surface ge-
ology does not reflect the subsurface geology but the
study of Kader et al. (2013) expressed that it is highly
affected by a major NNW normal fault, which has a
deep extension and slightly lateral displacement
and NE-conjugate faults.

3. Methodology

ETAS algorithm is used to decluster the earth-
quake catalog of northeast Egypt. The objective is
testing the technique of removing the dependent
earthquakes. For this reason, the catalog was
retrieved from the regional and international
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Fig. 3. Illustration of the stochastic declustering algorithm (van Stiphout
et al.,, 2012).

datacenters. The following subsections give illus-
tration of the algorithm and the steps followed to fit
the data with ETAS model.

3.1. Stochastic declustering and epidemic-type
aftershock sequence model

An earthquake catalog is considered as a chro-
nologically ordered list of earthquake records that
usually consists of date, time, magnitude, epicenter
location coordinates, and focal depth. Statistically,
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as suggested by Ogata (1998), it is the available
earthquake data presented in a space—time win-
dow. Statistical analysis can then be used to find a
suitable model for the underlying earthquake pro-
cess (Jalilian, 2019). Kagan and Jackson (1991) sug-
gested that this model can be used to estimate the
probabilities of future events, thus fitting an
appropriate statistical model to a given earthquake
catalog will be useful for seismic hazard studies.
The ETAS is one of the proposed statistical models
that is based on the stochastic declustering
approach. Ogata (1988, 1998) first suggested the al-
gorithm and then was modified by Zhuang et al.
(2002). The main idea of this method as described by
van Stiphout et al. (2012) is an iterative approach to
simultaneously estimate the background intensity,
which is assumed to be a function of space but not of
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Fig. 4. Input catalog for the ETAS algorithm. ETAS, epidemic-type aftershock sequence.
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time, and the parameters associated with clustering
structures. Using the thinning operation for point
processes, the probability of each event is a back-
ground, or a triggered event can be obtained. ETAS
model can be described mathematically as follows:

Alt,x,y) =u(x,y) + Z{k:tk<t}k(mk)g(t —t)f

(1)
(x—xk,y — Vil mk)

where p(x, y) is the background intensity function

and is assumed to be independent of time, and the

functions g() and f(x, y|m;) are, respectively, the
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tionary Poisson process with intensity function
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seen that k(my) represents the expected number of
offspring from an ancestor of size my.

Supposing that the events are numbered from 1 to
N chronologically, then the probability p;; of the jth
event is triggered by the ith event can be estimated
by the
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Fig. 5. Completeness and homogeneity analyses of the catalog: (a) longitude versus time, (b) latitude versus time, (c) magnitude versus time, and (d)
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Table 1. Subdivisions of the study periods and the magnitude threshold
for each period.

Study start Study end Magnitude
(day/month/year) (day/month/year) threshold (M,,)
01/01/1985 30/12/1990 3

01/01/1991 30/12/1993 3

01/01/1994 30/12/1995 3

01/11/1995 30/12/1999 3

01/01/2000 30/12/2022 3

kao(mi)gcp (l‘; — ti)fD,y,q (xj =X, Y — Vi ‘mi)
Ay (tf’xjvyj W/tj)
0, <t

,t]’>tl‘
Pij =

(2)

where A, x, y|A7) is the space—time conditional
intensity function, #7; = {(#,x;,yi,m;);}; <t} is the
history of earthquakes occurrence up to time ¢
(Ogata, 1998; Zhuang et al, 2002), k(m;)g
(t—t;)f (x —x;,y —y;|m;) is the seismicity rate induced
by the ith event that has already occurred (Zhuang,
2011), and 6 introduces the ETAS free parameters,
where 0=(y, A, o, ¢, p, D, v, q), p is the background
rate, o is the coefficient of the exponential magni-
tude productivity law, c is the time constant of the
generalized Omori law, p is the exponent of the
generalized Omori law, and q is the exponent of the
spatial distribution of triggered events, and A, D,
and vy are constants.

Thus, the probability that the jth earthquake is a
background event is

B u(x,-,y,-)
) —m (3)
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Fig. 6. Heatmap for the background seismicity.

And the probability that the jth earthquake is a
triggered event is

j-1
szl—(ﬂj:Zsz (4)
i=1

Consequently, as suggested by Zhuang et al.
(2002) and summarized by van Stiphout et al. (2012),

Table 2. Final maximum likelihood estimates (Est.) of epidemic-type aftershock sequence model parameters and the asymptotic standard estimation

errors (Std-Err) for each study period.

Period (months/years) B n A c o p D q Y
Study Study - - (event/ (degz) x day) (day) amM - (degz) — —
start end
01/1985 12/1992 Est. 1.8126  0.7311  0.3789 0.0171 05255 1.1388 0.0011 1.4212 1.1168
Std-Err  0.0123  0.0240 0.0787 0.1349 0.1188 0.0138 0.1818 0.0243  0.0956
01/1991 12/1993 Est. 1.7070 0.4069 0.3125 0.0345 1.6594 1.1270 0.0091 2.2615 0.5750
Std-Err  0.0051 0.0345 0.0515 0.0863 0.0190 0.0087 0.0930 0.0244 0.0681
01/1994 12/1996 Est. 22173 0.3144 0.5734 0.0455 1.308 1.1209 0.0043 2.0549 0.5526
Std-Err  0.0035 0.0375 0.0268 0.0600 0.013 0.0049 0.0553 0.0147 0.0399
01/1996 12/1999 Est. 23653 03773 0.5595 0.0428 1.3742 1.1015 0.0038 1.9976  0.5690
Std-Err  0.0034 0.0269 0.0271 0.0581 0.0109 0.0041 0.0522 0.0137 0.0364
01/2000 12/2022 Est. 29084 05499 0.7714 0.0076  0.3492 1.0439 0.0008 1.4163 0.6362
Std-Err  0.0079 0.0143 0.0718 0.0884 0.1150 0.0040 0.0787 0.0116  0.1287
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Fig. 7. Background seismicity plot for the study period from 1985 to 2022.

the following steps can be applied to the earth-
quake catalog to separate it into different family
trees:

(1) Calculate ®; and pii using equations (2) and
(3), wherej=1,2,...Nandi=12,...,j— 1,
representing the total number of events.

(2) For each event j, j = 1,2, ..., N, generate a
random variable Uj, uniformly distributed on
[0,1].

(3) For each event j, let

I;=min {k—l:(pj+2f1pijzujand0§k<j}
(5)

If I; = 0, then select j as a background or initial
event; else, set the jth event to be a direct offspring
of the Ijth event.

After dividing the catalog into family trees, the
initiating events in each family can be considered as
background seismicity. However, the mainshocks

are considered the biggest event in its family, so the
biggest events in each family can be used instead of
initiating events to create the background catalog
(Fig. 3).

3.2. Seismicity rate and clustering coefficient
estimation

The ETAS model assumes that the background
seismicity rate is constant in time but varies based
on location and may also have more warnings on
the potential for future earthquakes (Shabani, 2022).
Initial background seismicity rate was assumed
using a maximum likelihood approach, then the
declustering probabilities for all events were calcu-
lated from equations (2)—(4). These calculations
were substituted to get better estimations of the
background seismicity rates u(x, y) using weighted
variable kernel estimates. These new background
seismicity evaluations were used to replace initial
background rates. Afterward, the clustering rate
function was calculated by taking the difference
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Fig. 8. Raw temporal residuals for each study period; (a) study period from 1985 to 1992. (b) study period from 1991 to 1993. (c) study period from
1994 to 1996. (d) study period from 1996 to 1999. (e) study period from 2000 to 2022.

between the total seismicity rate and the back-
ground seismicity rate.

4. Results and discussion

The earthquake catalog was downloaded from the
United States Geological Survey (USGS), Interna-
tional Seismological Centre (ISC) and European-
Mediterranean Seismological Centre (EMSC) for the
rectangular geographical region 26°-33° N and
30°—36° E, representing the northeastern part of
Egypt for the period between 1985 and 2022. It in-
cludes the date, time, longitude, latitude, and
magnitude data. To ensure the best results, the
catalog had to be processed due to many event
repetitions and different magnitude types, for
example, ML, MS, MB, and MW. Event duplicates
were detected and removed manually, and the

different magnitude types were converted and uni-
fied to MW using empirical equations.

For statistical analysis, the earthquake catalog
must be complete and homogeneous, and the
earthquake data quantity have a significant impact
on the results. The prepared catalog consisted of
~16 500 events (Fig. 4). The relationship between
magnitude and time, number of earthquakes N; and
time, longitude and time, and latitude and time
(Fig. 5) were plotted to check the completeness and
homogeneity of the earthquake catalog. Further-
more, it was noticed that the earthquake catalog for
the targeted study period from 1985 to 2022 causes
the major events to be identified as aftershocks for
other background earthquakes. To overcome these
issues, the input catalog is subdivided in time into
smaller time span (Table 1). The completeness of
earthquake data used in the current work was taken
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Fig. 9. Q-Q plots for each study period; (a) study period from 1985 to 1992. (b) study period from 1991 to 1993. (c) study period from 1994 to 1996. (d)

study period from 1996 to 1999. (e) study period from 2000 to 2022.

from previous work (Abdalzaher et al., 2020; Khalil
et al., 2015; Mohamed et al., 2012). Their work
verified that the magnitude of completeness for
recent Egyptian earthquake catalog is Mw = 3. The
input catalog is tested against the minimum
magnitude, the analysis proposed that a magnitude
of M,, more than or equal to 3 is valid for the pre-
sent work.

In this study, the R (Jalilian and Zhuang 2016)
package ETAS from the Comprehensive R Archive
Network (CRAN) was used. The ETAS parameters,
background seismicity rate, and the earthquake cat-
alog after decluster were conducted for each study
subperiod. The ETAS parameters were estimated
using a maximum likelihood procedure. As sug-
gested by Ogata (1998), if there is no initial guess of
ETAS parameters, the default values n = N/(4 T|S|),
A=001,¢c=001,02=1P=13D=0.01, q=2 and
Y = 1 can be used. Following the iteration process
suggested by Zhuang (2006), the final calculations of
the free ETAS parameters were estimated after
several iterations. The final maximum likelihood

parameter estimations, the number of calculation
iterations, and the standard estimation errors for
each study period are reported in Table 2. Mean-
while, it is noticed that the asymptotic standard
estimation errors of c and D parameters are larger
than the parameter estimation and that may be
because of the small catalog or model inadequacy.

After estimating ETAS parameters, the heatmap
of the background seismicity rate for the whole
study period was calculated (Fig. 6). Besides, the
separate catalogs for the subperiods were collected
together to get the whole background seismicity of
the study period (Fig. 7). Furthermore, the good-
ness-of-fit of the ETAS model to the earthquake
catalog was tested by residual analyses as these
analyses can focus on the amount of statistical error
resulting from the estimation of model parameters
(Shabani, 2022).

Residual analyses include the computation and
plotting of temporal residuals R*“™ (I; h), spatial
residuals R°P (B;; h), transformed times t; against j
and Q-Q plots of U;, where [, ....., I temp and By,
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.r Bn spat from finite partitions of the study period
[tstary tstart + T] and the geographical region S,
respectively. The plotting of the temporal residuals
may show possible temporal insufficiency of the
fitted model; meanwhile, the plotting of the trans-
formed times t; against j and the Q-Q plot of U;
show the temporal adequacy of the fitted model
(Jalilian, 2019). According to Jalilian (2019), if the
model is good enough then the points in the trans-
formed time plot should approximately lie on the
line where (y = x), and the Q-Q plot shows agree-
ment between the empirical quantiles of U; and the
theoretical quantiles of a U (0, 1) distribution.

Raw temporal residuals provide insight into how
well the model fits the temporal distribution of
earthquakes. Raw temporal residual plots for all
study subperiods show how well the model fits the
catalog as the points are mostly uniformly distrib-
uted around zero except for some areas of significant
spikes (Fig. 8). These areas indicate that the model
underestimated the earthquake activity in these
specific periods of time. Q-Q plots show normal
distribution with no significant error in all study
subperiods (Fig. 9), while the transformed time plots

a)

- .

c)

1
\

W T W W — —-

(4]
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200 400 600 80

show a close fit to the theoretical (y = x) line for all
study subperiods with slight to minor deviations in
some areas (Fig. 10). Overall, the residual analyses
verified the quality of the results of the ETAS model
with slight errors in some areas, which may be due
to the changes of seismicity in the study area.

Moreover, the total number of earthquakes for
different magnitudes in the catalog after decluster-
ing were compared in a pivot chart for every 5 years
(Fig. 11). This comparison as well as the residual
analyses verified the ability of the ETAS model to
decluster the Egyptian catalog.

However, while observing the declustered
earthquake catalog manually, it was noticed that
the ETAS model considered a few main indepen-
dent earthquakes as dependent earthquakes such
as the November 22, 1995, Gulf of Aqaba earth-
quake. This issue is believed to occur because of
the presence of significant foreshocks. The influ-
ence of these foreshocks leads the mainshocks to be
identified as aftershocks. Thus, it is advised to
revise the resulting catalog manually as the ETAS
model relies more on statistical than seismological
approach.

b)

& 7

d)

Fig. 10. Transformed times tests for each study period; (a) Study period from 1985 to 1992. (b) Study period from 1991 to 1993. (c) Study period from
1994 to 1996. (d) Study period from 1996 to 1999. (e) Study period from 2000 to 2022.
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Fig. 11. Comparison between total number of earthquakes for each 5
years after declustering for different magnitudes.

4.1. Conclusion

Declustering earthquake catalogs is vital for
seismic hazard assessments. The basic assumption
for this is that the earthquake data must follow
Poisson's distribution. Such distribution assumes
that earthquakes in the catalog have no memory.
Consequently, both foreshocks and aftershocks
must be removed as these events are dependent on
the occurrence of the mainshock. Several tech-
niques are currently used that are based on the

traditional window-based methods. These tech-
niques are simple but may also suffer from inac-
curacies, which can result in not fully removing the
dependent earthquakes. Recently, the ETAS model
is considered as a better candidate to do the job. The
original model was introduced to fit the background
seismicity model to help predict future large events.
The technique was further developed to assign a
probability for each event of being independent.
This is a more accurate approach for removing
dependent events based on spatiotemporal analysis.
The present study is an attempt to test the algorithm
with earthquake data that belongs to northeast
Egypt. The area is characterized by both relatively
high activity compared with other areas of Egypt
and its strategic importance. Hence, the area is a
subject for several seismic hazard assessment
works. For testing purposes, data was collected from
international and regional data centers. Removal of
repeated events and the homogenization of magni-
tudes were applied before testing the technique.
The earthquake catalog includes data for the period
from 1985 to 2022 and it is complete for magnitude
of 3.0. The ETAS technique requires a priori model
parameters. From there, the algorithm iterates until
reaching acceptable parameters based on certain
tolerance value. However, the code may also run
without specifying a priori model parameters. The
present work followed both approaches. However,
running the code without specifying a priori model
parameters gives better solutions.

The results for the entire study period showed
that several independent events were given a
probability of being aftershocks. To overcome this
issue, the catalog is subdivided into five subperiods
around the time of known largest events. This step
solved most of the problems except for the Gulf
of Aqaba earthquake of November 22, 1995. The
event was added manually to the background seis-
micity catalog. Despite the technique successfully
removing all dependent events more effectively, a
refinement should be added to the algorithm to
solve the problem of removing some independent
large events.
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