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ABSTRACT
In this work, we publish a moment-local magnitude scale catalogue for the Egyptian National 
Seismic Network (ENSN) since 1997 to 2019 as necessary for the study of seismicity and seismic 
hazard estimation. Every year, the ENSN publish an annual bulletin of local and regional 
earthquakes recorded by the network with local magnitude (Ml) scale. The ENSN was recorded 
more than 36,730 approximately for local events since 1997. In this work, the Moment 
magnitudes (Mw) are computed for small earthquakes using a spectral analysis method, 
while the Moment magnitudes of moderate and large earthquakes are obtained using 
a complete waveform inversion and moment tensor techniques. An empirical relationship 
between moment magnitude (Mw) and local magnitude (Ml) of the earthquakes are developed 
using a linear regression. The Mw–Ml relationship used in this study was as follows:

Mw = 0.69 Ml + 0.58 for earthquakes with magnitude ≤3
Mw = 0.95 Ml – 0.15 for earthquakes with magnitude 3< ML≤6
The ENSN local magnitude (Ml) catalogue was converted to a moment magnitude (Mw) 

catalogue and attached as a supplementary material with this article for use by the researchers 
and authors in tectonic studies and seismic hazard evaluation of the region.
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1. Introduction

The history of study of the magnitude of the earthquake 
began in 1935 with the scientist Richter (1935), where he 
was the first scientist to calculate the magnitude of the 
earthquake and developed the local magnitude scale (Ml). 
Then, over time, several other magnitude scales have 
been also developed to calculate the magnitude of the 
earthquake such as the surface wave magnitude (Ms) 
(Gutenberg 1945a), the body wave magnitude (Mb) 
(Gutenberg 1945b, 1945c), the duration magnitude 
(Md) (Herrmann 1975) and the moment magnitude 
(Mw) (Kanamori 1977; Hanks and Kanamori 1979) 
scales.

The civil engineers took information about earth
quakes from seismologists after developed the seismic 
codes to use it for design buildings, tunnels, facilities 
and infrastructures to be more resistant to earthquakes 
in a certain region. Besides these earthquakes informa
tion, moment magnitude is essentially required from the 
global and local seismic networks to estimate this quanti
tative information. Prior to 2010, there are various studies 
have been published to make relationships between dif
ferent magnitude scales and Helwan magnitude scale 
(ML) (e.g. Abdulrahman et al. 2003; Hussein et al. 
2008). Hussein et al. (2008) used a multiple – conversion 
scheme and they utilised the wave inversion and spectral 
analysis results by the international earthquakes agencies 

such as ISC (International Seismological Centre) and 
Harvard CMT (Centroid Moment Tensor) catalogue. 
Indeed, one of the fundamental advantages of this study 
is the robust spectral inversion of high quality data after 
installing a number of broadband stations since 2010 in 
Egypt, which led to accurate determination of the seismic 
moment of local earthquakes and to establish a direct 
relationship between the local and moment magnitudes. 
Abdulrahman et al. (2003) derived a local-moment mag
nitude relation by the inversion of 55 records at only one 
broadband station. Their relation are only valid for 
Dahshour seismic zone and for a limited local magnitude 
range from 1.7 to 3.4. In the present work we used about 
1240 earthquakes, and each event recorded at least by 
four broadband seismic station which led to accurate and 
reliable inversion results. The derived local-moment 
magnitude relation in this study is valid for all seismic 
zones in Egypt and for any local magnitude range.

Up to now, most of the seismic networks around 
the globe and also the ENSN still widely use the local 
magnitude scale to determine the magnitude of small 
and local earthquakes, which have epicenteral distance 
less than 400 kilometres. There are two major disad
vantages of the Local Magnitude scale (Ml) proposed 
by Richter (1935) that prevents good use of it in 
evaluating seismic hazard studies. The first disadvan
tage is the saturation phenomenon for greater 
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magnitude events (Ml >6) the scale gets saturated 
(Hutton and Boore 1987). The second disadvantage 
of this scale is the negative values of some small earth
quakes (e.g. the magnitude of some small earthquakes 
gives value less than zero). Therefore, the earthquake 
catalogue of the National Seismic Network (ENSN) 
suffered from these disadvantages.

The use of moment magnitude (Mw) scale 
(Kanamori 1977; Hanks and Kanamori 1979), is 
recommended in global or local networks (i.e. 
ENSN) to avoid the previous mention defects that 
exit in local magnitude scale (Ml).This type of magni
tude scale is widely accepted and very important as 
a stable scale in conducting advanced studies to assess 
the seismic hazard and seismic code of any particular 
region (Hanks and Kanamori 1979; Howell 1981; 
Ottemoller and Havskov 2003).

Recently in Egypt, after up-grading the ENSN sta
tions from short-period stations to broadband sta
tions, some of the Egyptian researchers have been 
able to make the waveform inversion, spectral analysis 
and moment tensor solution to obtain the Moment 
Magnitude (Mw) of some earthquakes (Abd El-aal and 
Badreldin 2016; Abd El-aal and Yagi 2017; Abd El-aal 
et al. 2016; 2019; Badreldin et al. 2019; Hussein et al. 
2013; Saadalla et al. 2019). In this work, an attempt has 
been made to link the Egyptian local magnitude scale 
(Ml) with the Moment Magnitude (Mw) through 
mathematical equations and we converted the 
Egyptian Ml magnitude catalogue to the Mw magni
tude catalogue and attached it with this article in 
supplementary data.

2. The Egyptian National Seismic network 
(ENSN)

After the devastating earthquake that took place on 
12 October 1992 near the Egyptian capital Cairo and 
the massive losses caused by the earthquake in human 
life, infrastructure and buildings, the Egyptian govern
ment decided to establish a national seismic network 
to monitoring, local and regional seismicity. The main 
purpose of this network is to reduce seismic hazard 
and risk by conducting valuable scientific studies and 
researches that provide future safe growth of huge 
strategic projects. The Egyptian government has 
entrusted the National Research Institute of 
Astronomy and Geophysics (NRIAG) with the estab
lishment, installation and operation of the local seis
mic network.

Now, the ENSN seismic network includes about 31 
broadband and 19 short- period stations distributed in 
the whole of Egypt equipped with sensors SS1, STS2, 
Trillium 40, 120 and 240 and L4 C model (Figure 1). 
The network also includes one main-centre located at 
Helwan town (Cairo city) and five sub-centres located 
at Aswan, Marsa Alam, Hurghada, Kharga, and Burg 

El-Arab cities. The sub-centres are connected recently 
to the main centre using satellite communication. The 
digital seismic data is extracted from stations near the 
main-centre by radio and from remote stations through 
satellite using the Atlas software (www.nanometrics. 
com). The Atlas software is a friendly user interface 
programme with powerful tools for routine work is 
that used to extract the digital data of remote stations 
online from the ring buffer. The Atlas uses the 
HYPOINVERSE (Klein 1978, 1989), a location program 
was written and used by the United States Geological 
Survey (USGS) (www.usgs.gov), to locate earthquakes 
and calculate magnitudes. The Egyptian national seis
mological network covers all the Egyptian territory by 
different specific crustal models to locate the earth
quakes accurately.

In ENSN, The seismologists staff are available 
24 hours per day, in the case of an earthquake took 
place, the earthquake parameters (location, magni
tude, etc) are extracted immediately manually and 
they disseminate these data through the internet on 
the Athena website of the ENSN. Annually, the 
Egyptian earthquake bulletin is produced and pub
lished on the local magnitude scale (Ml).

The ENSN collaborated with international seismolo
gical centres like seismological centre (ISC) (www.isc. 
ac.uk) and the Euro Mediterranean seismological centre 
(EMSC) (www.emsc-csem.org) in exchange informa
tion of earthquakes. For many reasons, the Egyptian 
ENSN is very important in North Africa because there 
are no global seismic stations in the region.

Figure 1. Map shows geographic distribution of the Egyptian 
National seismic Network (ENSN). White triangle refers to 
very broadband stations, the pink triangle represents the 
broadband stations, and black triangle shows short period 
stations.

NRIAG JOURNAL OF ASTRONOMY AND GEOPHYSICS 533

http://www.nanometrics.com
http://www.nanometrics.com
http://www.usgs.gov
http://www.isc.ac.uk
http://www.isc.ac.uk
http://www.emsc-csem.org


3. Catalogue data and magnitude scale

The annual earthquake bulletin is one of the products 
of the ENSN reports and lists all the recorded earth
quakes in Egypt and the adjacent areas. The bulletin 
includes a list of local earthquakes and a list of regional 
earthquakes. Figure 2 shows the local seismicity of 
Egypt recorded by the National Seismic Network 
from 1997 to 2019. Approximately, more than 36,700 
local earthquakes have been recorded with a local 
magnitude ranging from −0.8 to 6.1. There are two 
possibilities for interpreting zero-depth earthquakes in 
the ENSN network catalogue. The first explanation is 
artificial earthquakes caused by quarries for the man
ufacture of cement. The second explanation is 
a probable mistake in calculating the depth of the 
earthquake. Figure 3 illustrates some histograms of 
the catalogue’s parameters.

The primary type of the magnitude of the earth
quakes determined by Atlas program in the ENSN is 
the amplitude (Local) magnitude. The process for 
determining local magnitude (Ml) is modelled after 
the reading of maximum peak-to-peak amplitudes 
from the standard Wood-Anderson torsion seismo
graph. The ENSN is following User’s Guide of the 
HYPOINVERSE program specifically regarding the 
correction of earthquake amplitude read from an elec
tromagnetic sensor to equivalent Wood-Anderson 
response using Jerry Eaton’s XMAG formulation 
(Eaton 1970, 1992). The ENSN uses the Richter’s ori
ginal formula: 

M1¼ log ðAÞ � log ðAoÞþ S (1) 

where A is the measured maximum amplitude of 
recorded earthquake, Ao is the attenuation term 

(reference event amplitude at specific distance) and 
S is station correction. Using Atlas software, 
Equation (1) can be written in the form: 

Ml ¼ logðAWA=2Þ � log Aoð Þ (2) 

where AWA is the maximum peak-to-peak amplitude 
in mm on the paper record, and log (Ao) is an attenua
tion term and is a tabulated function of distance. 
Therefore, the division by 2 is based on a reason of 
the peak-to-peak reading.

Jerry Eaton (1992), developed the “X” magnitude 
formula for velocity seismometers is used in 
HYPOINVERSE software. Basically, before the mag
nitude is calculated, the earthquake amplitude is con
verted to effective Wood-Anderson amplitude using 
the period at which the amplitude is measured and the 
response curve for the seismograph type. The equa
tion is 

MX ¼ logðAWA=2 x CAL x R fð Þ x SÞÞþF1 sð ÞþF2 dð Þ
þXCORCOMPþ XCORSTA

(3) 

where: AWA is peak-to-peak amplitude,
CAL is the dimensionless calibration factor,
R(f) is the frequency dependent response curve,
S is the seismometer motor constant in volt/cm/sec,
F1(s) and F2(d) are the log (Ao) distance 

correction,
XCORCOMP is the correction of all components and 

XCORSTA is the station correction.
Another type of magnitude scale used in the ENSN 

is the duration Magnitude scale (Md) and is used as 
a secondary option with the calculation of the magni
tude of the earthquake from the local magnitude scale. 
Figure 4 shows the magnitude of completeness of 
ENSN, where the 1.6 value is the magnitude of 

Figure 2. Map illustrates the local seismicity of Egypt recorded 
by the Egyptian ENSN network from 1997 − 2019.

Figure 3. Histograms of the ENSN catalogue. The upper left 
panel shows a histogram between number of the earthquakes 
and recorded year. The upper right panel shows a histogram 
between the numbers of earthquakes and their depths. The 
middle left panel illustrates a histogram between numbers of 
the earthquakes and their Ml magnitudes. The middle right 
panel illustrates histogram numbers of the earthquakes and 
their Mw magnitudes. The lower left panel shows histogram 
between depth and magnitude. The lower right panel shows 
histogram between local magnitude and moment magnitude.
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completeness for ENSN. Although the ENSN catalo
gue has negative values and magnitudes are smaller 
than the denominator 1.6 due to this denominator is 
a value for the entire ENSN network.

4. Methods

4.1. Spectral inversion

After upgrading the stations of the ENSN from short 
period band to broadband stations, the waveform 
inversion and moment tensor analysis have been 
increased to identify seismic moment and the moment 
magnitude (Mw) of small, moderate and large earth
quakes with magnitudes greater than 3. Recently, 
a number of the Egyptian researchers (e.g. Abd El- 
aal and Badreldin 2016; Abd El-aal and Yagi 2017; Abd 
El-aal et al. 2016; 2019; Badreldin et al. 2019; Hussein 
et al. 2013; Saadalla et al. 2019), have conducted wave
form inversion and spectral analysis to calculate Mw 
of local earthquakes recorded by the ENSN.

In this study, the Seismic Analysis Code (SAC) 
software are used to process the data (Figure 5). First 
the data are converted from SEED format to SAC 
format, and then the time windows are set for 1.28 s 
from P-wave arrival for Fast Fourier Transform (FFT), 
and the windows for noise prior to P-wave with the 
same times. As usual for FFT, the removal of the mean 
and linear trend, a 0.01 taper window are applied to 
the data point, zero padding and Parzen window of 
5.0 Hz bandwidth are applied. The instrument 
response is corrected using the poles and zeros file of 
the stations. The observed displacement source spectra 
of P -wave obtained as mentioned above show good 
signal to noise ratio over the frequency range from 
1 Hz to 50 Hz (Figure 6). The events that recorded in 
more than or equal to two seismic stations are 
involved in the inversion process. The Generalised 
Inversion Technique (GIT) using reference site was 
applied to separate the source spectra from both the 
site and path effects from the observed displacement 
P-wave spectra by iterative least square analysis (Iwata 
and Irikura 1988). The isolated displacement source 

spectra is modelled according to Brune (1970, 1971) 
and for small earthquakes assuming a circular fault as 
follows: 

ei fð Þ ¼
Ω0

1þ ðf =fcÞ
2 ; (4) 

where Ω0 is the long period asymptote, fc the corner 
frequency. The relative moment for each displacement 
source spectra is determined from the mean amplitude 
in the frequency range from 6.25 Hz to 7.81 Hz to 
avoid the low signal to noise ratio at lower frequency. 
The formula used to calacualted the mean value of the 
relative seismic moment as follows: 

Ω0 ¼
ðΩ6:25 þ Ω7:03 þΩ7:81Þ

3
(5) 

Following Brune’s (1970) relation, the seismic 
moment can be obtained from the P-wave displace
ment spectra: 

Figure 4. The magnitude of completeness curve. The a and 
b parameters are also given.

Figure 5. Example of the data processing steps of 
17 June 2015 Aqpa earthquake with magnitude Ml 5.4. 
Panels (A1-C1), the observed velocity seismogram at 
Zafarana (ZAF) station. Panels (A2-C2), the corrected seismo
gram. Panels (A3-C3), the velocity seismogram after applying 
low pass filter.

Figure 6. Example of Signal to Noise ratio (S/N) at each station 
recorded the 7 November 2010 earthquakes in Aswan region.
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M0 ¼
4πρðvpÞ3RΩ0

FRθφ
(6) 

where vp is velocity of P-wave, ρis the density value, 
while R refers to the hypocentral distance. The 
Ωorefers to low frequency spectral amplitude, Rθφ 

refers to a coefficient of the radiation pattern assumed 
equal to 0.52, and Frefers to the free surface 
effect, (F ¼ 2).

The moment magnitude Mw is directly obtained 
from seismic moment using the relation of Hanks and 
Kanamori (1979) as follow: 

Mw ¼ 2=3log M0 � 10:7 (7) 

Figure 7 illustrates an example of the calculation of 
source parameters, seismic moment and moment 
magnitude (Mw) for a small earthquake using spec
tral analysis technique. The spectral analysis tech
nique in this research used to calculate Mw of the 
small earthquakes with magnitude values less than 
3 recorded by the ENSN. While Figure 8 shows the 
process of calculating the moment magnitude (Mw) 
of a moderate earthquake from waveform inversion 
and moment tensor technique. Therefore, we now 
have a small catalogue of local earthquakes with 
moment magnitude (Mw) suitable to perform 
a relationship between local and moment magni
tude scales.

4.2. Moment tensor analysis

In the light of this work, a full waveform moment 
tensor inversion method is applied based on algo
rithm in computer program in seismology 
(CPS.330) (Herrmann 2013). Assuming a point 
source, the ground displacement u in direction 
n at site x and time t can be equated as (Stump 
and Johnson 1977): 

Un x; tð Þ ¼ Mkj Gnk;j � s tð Þ
� �

; (8) 

whereMkj; the moment tensor elements, Gnk;jthe elas
todynamic Green’s function,ands tð Þ the source time 
function. Assuming a synchronous source for all 

dependent moment tensor components ands tð Þ is 
a delta function, Equation (8) can be formulated in 
linearised form in the frequency domain as, 

Un f ; xð Þ ¼ Mkj fð ÞGnk;j fð Þ; (9) 

This linearised form can be written in a matrix form as 
follow, 

U ¼ Gm (10) 

where u, the observed ground displacement, G is 
a matrix containing the Green’s function 
computed using accurate velocity model, and m is 
the moment tensor elements. Inversion of Equation 
(10) to obtain the moment tensor elements is 
solved by a generalised least-squares method (Jost 
and Herrmann 1989).

5. Results

5.1. Local-moment magnitude relations

In order to carry out this work, we computed 
moment magnitude of 1242 earthquakes using 
waveform inversion and spectral analysis techni
ques as shown in Table 1 and we also collected 
moment magnitudes for 35 earthquakes from the 
previous works. Now we have a catalogue for some 
earthquakes that contains two magnitude scales Ml 
and Mw. For more realistic calculations, the cata
logue has been divided into two sub-catalogues. 
The first sub-catalogue includes all earthquakes 
having magnitude values less than 3. The second 
sub-catalogue contains all the earthquakes with 
magnitude values greater than 3 and less than 6. 
A new MATLAB code has been written to carry 
out a linear regression fit between Ml and Mw 

Figure 7. The left panel of the figure shows processing steps to 
obtain the displacement spectra of the 18 October 2014 
(ML3:1) earthquake at 10:55 UTC with depth 2 km, that took 
place in Aswan area. The right panel of the figure shows 
processing steps to acquire the acceleration spectra for the 
same event.

Figure 8. The figure shows processing steps using waveform 
inversion and moment tensor analysis to obtain the moment 
magnitude of the earthquake.
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scales with 95% confidence bounds and the follow
ing equations are devolved for the ENSN catalogue.

The obtained relations are as follows: 

Mw¼ 0:69Ml þ 0:58 for earthquakes
with magnitude � 3

(11) 

Mw ¼ 0:95Ml � 0:15 for earthquakes
with magnitude 3ML � 6

(12) 

Figures 9 and 10 show the fitting curves of data, 
and the residuals. We tested and verified theses 
equations by comparing the Mw magnitude values 
of some earthquakes calculated by these new rela
tionships and the Mw values calculated globally 
from the international seismic centres for the 
same earthquakes and we have found them to be 
quite identical. We have converted the ENSN cata
logue from the local magnitude scale (Ml) to the 
moment magnitude scale (Mw) using the obtained 
equations and this catalogue had been attached 
with this research as a supplementary material for 
use by the scientists and researchers in advanced 
seismic hazard and risk assessment studies.

6. Conclusion

This study is very useful for all the researchers and 
scientists who use the earthquake data of the Egyptian 
ENSN network. Indeed, this work sheds light on the 
earthquake catalogue recorded by the ENSN since its 
establishment. The study reveals that that the Egyptian 
ENSN recorded more than thirty seven thousand local 
earthquakes, in addition to large numbers of the regio
nal earthquakes in the region, most of which were 
recorded in the Mediterranean Sea. However, this 
study included the local earthquakes only and did not 
take into consideration the regional earthquakes 
recorded by the ENSN. This because the regional earth
quakes are far away from the monitoring stations which 
reveal high uncertainty in magnitude and location with
out including the international stations data. The study 
also shows that the Egyptian ENSN uses a local magni
tude scale to measure the magnitude of the earthquakes. 
Furthermore, the study also clarifies that the network 
suffered from the disadvantages of this scale. For the 
above mentioned reasons, this study come to find a new 
relationship between local magnitude (Ml) scale and 
moment magnitude (Mw) scale. The Mw scale is very 
important which can be used in advanced studies on the 
assessment of seismic hazard for any region.

We introduce a relationship between the local mag
nitude and the moment magnitude scales from the 
ENSN local earthquakes catalogue from 2010 to 
2017. The calculation of moment magnitudes has 
been done using spectral analysis and waveform inver
sion techniques. The moment magnitude is calculated 
for each displacement spectrum after removing the 
contributions of attenuation and sites effects. 
Basically, we have established two mathematical rela
tionships between the local and moment magnitude 
scales according to the value of the magnitude of 
earthquake. Consequently, the developed relation
ships were tested and verified and we found that the 
calculated moment magnitude values from these equa
tions corresponded perfectly to established moment 
magnitude values calculated from international seis
mic centres for same earthquakes.
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Figure 9. The fitting curve between local magnitude (Ml) and 
the Moment Magnitude (Mw) for earthquakes with magnitude 
values less 3. The residuals are also plotted in the bottom 
panel.

Figure 10. The fitting curve between local magnitude (Ml) and 
the Moment Magnitude (Mw) for earthquakes with magnitude 
values more than 3. The residuals are also plotted in the 
bottom panel.
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