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INTRODUCTION

In recent years, the Rif area in northern Mo-
rocco has witnessed several events (Al Hoceima 
earthquakes of 1994, 2004, and 2016) (Kariche 
et al., 2018; Boulanouar et al., 2013, Galindo‐
Zaldivar et al., 2018). Al Hoceima is one of the 
seismically active areas in northern Morocco 

(Boulanouar et al., 2018). Large seismic events 
that have been recorded and documented in seis-
mic catalogs and research papers are evidence 
of this fact. This region was devastated by three 
severe earthquakes with moment magnitudes of 
more than 6 on May 26, 1994, February 24, 2004, 
and January 25, 2016  (Kariche et al., 2018). Any 
significant/major earthquake in the future in this 
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region will result in a significant loss of property 
and human life. To reduce the earthquake losses, 
seismic hazard prediction and later application to 
building structures, as well as the development of 
Morocco’s current seismic code (RPS2011), are 
required. The kappa parameter has been identified 
as one of the critical parameters necessary for the 
evaluation of seismic hazard of a region (Yadav et 
al., 2018; Chandler et al., 2006).

In terms of seismic risk, areas with lower 
kappa values tend to have bigger ground motions 
than areas with higher kappa values (Douglas et 
al., 2010). The spectral spectrum kappa parameter 
κ measures the high-frequency amplitudes decay 
of ground motion (Biro et al., 2020). This param-
eter is influenced by several parameters including 
source parameters, velocity, propagation path, and 
local site characteristics (Perron et al., 2017). The 
kappa k parameter, which governs the decay of 
the acceleration spectrum for seismic recordings 
at high frequencies, is considered one of the most 
essential parameters to study the ground motion 
characteristics. Especially, it represents the range 
of attenuation energy and it is used as input for 
simulating strong ground motion in regions with 
insufficient data (Yadav et al., 2018). Several stud-
ies have been done to identify this parameter for 
various regions of the world (Van Houtte et al., 
2011; Lai et al., 2016; Stanko et al., 2020; Mittal 
et al. 2021, 2022). Yadav et al. (2018) investigated 
the decay of the kappa parameter in the North East 
region of India using 598 accelerograms. They 
concluded that the vertical kappa values are lower 
than the horizontal estimations. Moreover, they 
observed that there was no statistically significant 
relationship between hypocentral distance and 
kappa or magnitude. Using Anderson and Hough 
(1984) approach for two station sites, Stanko et al. 
(2020) determined the kappa value for the seismic 
zone in Zagreb city (Croatia). According to this 
study, Vs30 and the predicted near-site attenuation 
k0 are well correlated. In addition, the value of the 
k0 was lower for hard rocks and higher for soft 
rocks. For the northwest (NW) Himalayan region, 
Mittal et al. (2022) studied attenuation character-
istics using 81 recorded earthquakes at 50 stations. 
They estimated kappa values and concluded that 
kappa ranges from 0.03 s to 0.095 s and is higher 
at the sites having sediment accumulation. Simi-
larly, Mittal et al. (2021) estimated kappa in the 
Delhi region of India. Another research on kappa 
and its variation in distance utilizing 114 records 
was applied in Northwestern Iran (Samaei et al. 

2016). In this work, the linear representation has 
a limited dependence, and they propose a clear 
concavity dependence in distance. The value of 
kappa at a great distance is observed to increase at 
a higher rate than at a small distance.

The main goal of this study is to estimate the 
kappa parameter using 12 seismic stations. The 
Fourier amplitude spectrum decay of acceleration 
in high-frequency bands for 42 local earthquakes 
recorded by the Picasso Project in the period be-
tween 2009 and 2012 in Morocco are analyzed 
in the present work. The kappa model and their 
R2 indices for northern Morocco were proposed 
using linear regression at various seismic station 
locations and for different hypocentral distances. 
The possible dependence of the kappa (κ) on the 
hypocentral distance and the magnitude of the 
earthquake used in this study has been discussed. 
The effects of soft soil and hard rock sites are in-
vestigated separately. The results of this investi-
gation will help improve our comprehension of 
how structures affect attenuation.

SEISMOTECTONIC SETTING

In Northwest Africa, the convergence of the 
African and Eurasian Plates is manifested by a 
complex and heterogeneous tectonic history, par-
ticularly in Northern Morocco and Western Alge-
ria. One of the most important tectonic settings 
is the Gibraltar Arc system, which occurs at the 
western end of the Alpine orogenic belt (Morley, 
1987), which includes the Alboran Sea and is sur-
rounded by the Belt-Rif-Tell orogen. The main 
structural domains of this region are the Rif and 
tell mountains surrounding the Alboran Sea, the 
Moroccan and Algerian Meseta, the Atlas Moun-
tains, and the Sahara platform (Fig. 1).

This analysis is based on two groups of sta-
tions belonging to the two structural domains 
described in the first paragraph: 1) The Rif and 
Tell Mountains domain, and 2) The Atlas Moun-
tains domain. Regarding the Rif and Tell ranges, 
The estimated crustal thickness beneath the Rif 
cordillera ranged from a maximum of 45/50 km 
to a minimum of 30 km at the border with the 
southern portion of the Alboran Sea (De Lis Man-
cilla et al., 2012). This domain is distinguished 
by deep sedimentary, which is the result of com-
plex tectonic movements (Chalouan et al., 2008; 
El Fellah et al., 2019). It consists of three primary 
structural domains:
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	• the internal zone where these two stations (PM 
04 and PM 07) are operated, consists of upper 
and lower plates and contains Paleozoic rocks 
covering Mesozoic-Cenozoic remnants (Chal-
ouan et al., 2008);

	• the complex Nappes of Flysch where PM 05 
and PM 08 are deployed, are composed of two 
major Nappes, the Mauritanian Nappes and 
the massilian Nappes, which are formed in the 
late Mesozoic (Upper and lower cretaceous), 
Eocene-Oligocene and the early Miocene 
(Chalouan et al., 2008; De Capoa et al., 2007);

	• the external zone is separated into three struc-
tural zones: intrarif (Stations: PM 11), Me-
sorif, and Prerif, and it is mostly composed 
of Cretaceous and Tertiary rocks (Andrieux, 
1971; Chalouan et al, 2008).

During the 1994–2019 period, three cata-
strophic earthquakes occurred in the Rif region 
near Al Hoceima city on January 25, 2016 (Mw 
6.3), February 24, 2004 (Mw 6.4), and May 26, 
1994 (Mw 6.0) (Arab et al., 2020). The last earth-
quake did not cause as much damage as the pre-
vious two due to its offshore location and was 
only left on the coastline of the Rif region. While 
earlier earthquakes, due to their inland location, 
resulted in a big loss of life and caused signifi-
cant damage to the infrastructure. In addition, in 
contrast to other areas of the world, this zone of 

the Iberian-African collision is characterized by 
moderate seismicity. As can be seen in the map 
of the seismicity of the Rif region (Arab et al., 
2020), seismic activity is primarily concentrated 
within a 50-kilometer radius around Al Hoceima 
city, south of Nador city, and northeast of the 
coastline between Jebha and Tetouan city.

The Atlas Mountains are separated from the 
Rif Mountains by the Rharb foreland basin, where 
the Neogene and Quaternary sediments reach a 
maximum depth of eight kilometers westward. 
The Atlas Mountains, which are composed of Pa-
leozoic, Mesozoic, and Tertiary rocks, are an in-
tracontinental orogenic area situated between the 
Rif and Tell Mountains. They consist of the High 
Atlas, Middle Atlas, and Saharan Atlas in Morocco 
and Algeria, respectively. In contrast to the general 
WSW-ENE strike of the high Atlas and the Sahara 
Atlas, the Middle Atlas range is oriented NE-SW. 
Although elevations in the high Atlas reach over 
4000 m, crustal thickness as revealed by available 
seismic data is moderate (38–39 km), which does 
not support crustal isostatic compensation (Ful-
lea et al., 2007). Asthenosphere upwelling may 
be contributing to the uplift of the Atlas of this 
region (Seber et al., 1996). The Atlas Mountains 
are flanked by comparatively less deformed areas. 
The tectonic deformation in Western Maghreb is 
related to the oblique NW-SE convergence, creat-
ing seismic activity which is diffuse and is mostly 

Figure 1. The main structural domains of the study area modified from (Khattach et al. 2013)
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localized over the middle Atlas (Stations: PM21, 
PM 22, PM 23, PM 24, PM 25, and PM 26) and 
the Central High Atlas (Benouar, 1994).

SEISMIC DATA

During the 2009–2013 period, the XB net-
work in Morocco, known as PICASSO Morocco 
(PM), was in  operation. This investigation is 
based on 12 broadband stations located in differ-
ent geological structures in northern Morocco. 

These stations are separated into two geological 
formations distinct. The Rif zone consists of the 
six stations, namely, PM04, PM05; PM07, PM08; 
PM011, and PM 036, whereas, the Medal Atlas 
includes other six stations (PM21, PM22, PM23, 
PM24, PM25, and PM26). Some of the stations 
are located on rock sites, whereas, the others are 
installed in soft soil environments. Table 1 shows 
the descriptions of the seismic sites for the Select 
Northern Morocco of the Picasso Project net-
work. The stations used in this study are listed 
by the name of the station. About 42 events and 

Table 1. Seismic site descriptions for select Northern Morocco Picasso Project network, ordered by the name of 
the station used in this study

Station name Surface rock

PM04

It is a component of the complex Intra Rifain deposits: 1) The alluvial sediments of Oued Law River 
extend and reach approximately three to four southeast of this station. 2) The station is s located 
precisely between outcrop Triassic Gabbro in the Northwest and Pliocene sand and sandstone that are 
part of the internal zone of the Rif, especially the Ghomarids unit. 3) the Sebtids unit from the southern 
zone is located 4 kilometers away from the station which contains salt-gypsum deposits of the Trias.

PM05

It is part of the Flysch unit which is composed of Synclinal structures in the Northwestern and 
southeastern direction, formed by marls of the upper cretaceous with anormal contact of Quaternary 
alluvial sediments. The southwestern side is part of Numudien unit (Flysch unit) and is composed of 
hercynien Microgranite (lower Miocene and Oligocene) that extends 5 kilometers. The Northeastern 
side is part of Beni Ider uint (Flysch unit) composed of Eocene sediments deposits that extend by 5 
kilometers.

PM07

Near this station, a part of the Complex Alpin epimetamorphism for the TIZGARIN unit (part of the 
Sebtids unit) with a salt-gypsum deposit (Triassic evaporite beds) above the thinned continental crust of 
the North Africa passive margin (Wildi, 1983, Chalouan et al, 2008). In the North of the station, part of 
the polymetamorphism with the michaschiste deposit formed the Hercynian socle.

PM08
Part of the Flysch unit (Tisiren unit), is composed of Dolerite and gabbro for the lower cretaceous and 
extends from the station 15 kilometers to the south. From 2 kilometers to the north of the station, a 
complex intra-rifain deposit with outcrop Triassic gabbro is found.

PM11

Part of the Intra-rifain unit of the external zone of the Rif. It contains Quaternary sediments 
(Villafranchien) that extent 8 kilometers east of the station surrounded by the big deposit of lower 
cretaceous divided into two units: 1) The Ketama unit in the southeast (Albian -Aptien and Neocomien) 
contained the Marls sediments and 2) TISIREN unit in the Northwest side which is part of the flysch unit 
who are composed of Cretaceous-Lower Miocene detrital rocks.

PM21

Part of the Jurassic Red Sandstone which extends about 50 kilometers in the North. The nearest 
plioquaternary basalts contact is 5 kilometers south of the station and after that, the Jurassic red 
Sandstone and a few cretaceous sediments appear in the deeper south. The serpentine and basic rock 
is in the west of the station.

PM22

Part of the Pleated Middle Atlas is constituted by 4 kilometers of schist-sandstone and conglomerate 
deposits and is surrounded by Jurassic Red Sandstone which extends 10 kilometers in the south and 
more than 20 kilometers in the north. The northeastern side consists of Pleistocene Lake facies within 
30 kilometers. Its extension is found in the south of the area within 25 kilometers.

PM23 This station is near the last station but with the Pleistocene Lake facies and schist-sandstone + 
conglomerates deposit. The basaltic formation does not exceed a few hundred meters.

PM24

This station is situated in the center of the Devonian formation. To the north and northwest, there are 
some outcrops of Permian age rocks not exceeding a few kilometers and surrounded by Pleistocene 
Lake facies. The same outcrop Permian surrounded Red Sandstone and detritus facies on the 
Northeast side.

PM25

The station is located at the limit between Jurassic Red Sandstone from the west, Pleistocene Lake 
facies in the east, Cretaceous Detritus facies in the north, and quaternary sediments in the south. It is 
situated about 7 kilometers toward the extreme south of the chain of the High Atlas which contained 
basaltic rocks.

PM26 Part of the High Atlas with homogeneous basaltic rocks of the Jurassic and Lias age. It’s extending from 
the north to the south about 78 kilometers. The station is situated in the middle this formation.

PM36

Located in the Medal Quaternary sediments extend about 10 kilometers in the south of the station 
which is bounded by salt-gypsum deposit (Triassic evaporite beds) in the southeastern area. The North 
boundary of the Quaternary sediments is 400 meters near the station and extends 17 kilometers from 
the station which is composed of a complex deposit of cretaceous and salt-gypsum materials.
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321 seismograms with magnitudes from 1.9 to 
4.8 mb are chosen to study the high-frequency 
attenuation parameter kappa for northern Mo-
rocco. In particular, 38 events had a magnitude 
greater than 3. The depth and epicentral distance 
of the events vary from 0 to 97.9 km, and from 
9.7 to 373.58 km, respectively. Digital data were 
collected at a rate of 50 samples per second. An 
example of three-component velocity data (Ver-
tical, north-south, and east-west component) re-
corded by the PM04 station of the XB network 
from the event of December 8, 2009 is shown 
in Fig. 2. The three-component waveform data 
for each record in our collection are baseline-cor-
rected. Then, we manually marked arrival phases 
for the P and S waves. All the records are differ-
entiated to obtain the acceleration records. Only 
waveforms having a signal-to-noise ratio (SNR) 
of 100 or above are processed and considered 
in the present study. The Fast Fourier transform 
method is used to transform the S-wave wave-
forms to the frequency domain. The study area 
with the location of the 12 seismic broadband 
sites and the 42 earthquakes used to determine 
the kappa parameter is shown in Fig. 3. Table 2 
provides the lists of the epicentral information 
for these earthquakes. Table 3 represents the lo-
cations and duration of the seismic station used 
to calculate the Kappa parameter.

METHODOLOGY USED TO ESTIMATE K

Various techniques have been utilized to es-
timate the kappa parameter, such as the displace-
ment kappa (Biasi and Smith, 2001), AH-Kappa 
(Anderson and Humphery, 1991), the accelera-
tion Kappa approach (Biasi and Smith, 2001), and 
the classical kappa methodology (Anderson and 
Hough, 1984). Anderson and Hough (1984) pre-
sented a description of the kappa parameter k to 
explain the spectral shape at the high frequency for 
strong earthquake ground motion. They proposed 
that the kappa parameter has the following form: 

	

1 

0( ) .exp( ), EA f A kf f f= −                                                                                                       (1) 
 

0ln( ( )) ln .A f A k f= −                                                                                                                      (2) 
 

/k  = −                                                                                                                                           (3) 
 
𝑘𝑘 = 𝑘𝑘0 +𝑚𝑚.𝑅𝑅                                                                                                                                    (4) 
 

	 (1)
where: A(f) indicates the acceleration spectrum 

and the A0 parameter is affected by a vari-
ety of parameters such as source proper-
ties and epicentral distance.

Using the logarithms of both sides, it may be 
written as:

	

1 

0( ) .exp( ), EA f A kf f f= −                                                                                                       (1) 
 

0ln( ( )) ln .A f A k f= −                                                                                                                      (2) 
 

/k  = −                                                                                                                                           (3) 
 
𝑘𝑘 = 𝑘𝑘0 +𝑚𝑚.𝑅𝑅                                                                                                                                    (4) 
 

	 (2)

It is a linear relationship between the loga-
rithm of acceleration spectrum and frequency. The 
value of the kappa parameter can be calculated by 
determining the slope of the following Equation:

	

1 

0( ) .exp( ), EA f A kf f f= −                                                                                                       (1) 
 

0ln( ( )) ln .A f A k f= −                                                                                                                      (2) 
 

/k  = −                                                                                                                                           (3) 
 
𝑘𝑘 = 𝑘𝑘0 +𝑚𝑚.𝑅𝑅                                                                                                                                    (4) 
 

	 (3)

where: λ  – the slope of Equation 2.

A significant relationship between kappa and 
distance was discovered by Anderson and Hough 
(1984). The equation for the linear relationship is:
	

1 

0( ) .exp( ), EA f A kf f f= −                                                                                                       (1) 
 

0ln( ( )) ln .A f A k f= −                                                                                                                      (2) 
 

/k  = −                                                                                                                                           (3) 
 
𝑘𝑘 = 𝑘𝑘0 +𝑚𝑚.𝑅𝑅                                                                                                                                    (4) 
 

	 (4)

where: k  – the observable value of the kappa; 0k  – 
the near source attenuation or the kappa at 
zero distance; m – the slope of variations; 
R – the hypocentral distance.

In this study, the method used to estimate the 
kappa-value is the one proposed by Anderson and 
Hough (1984). Fig. 4 illustrates an example of 
kappa parameter estimate using spectral ampli-
tude for the event “20091120” recorded by PM05 
in the frequency range of 8–23 Hz. The best-fit 
lines are displayed by the solid red line.

RESULTS AND DISCUSSION

Using the method of Anderson and Hough 
(1984) mentioned above, the values of the kap-
pa parameter for northern Morocco have been 
calculated for the horizontal components of the 
321 seismograms recorded in the period between 
2009 and 2012 by the Picasso Project. The sta-
tions (PM21, PM23, and PM26) had poor signals 
or great noise levels for several seismograms, 
which may affect the kappa values for these sta-
tions. Most of the Kappa values, for each station, 
were estimated using eight to ten events. Table 
4 compares the results obtained in this study to 
those obtained in other parts of the world. The es-
timated average factor of the Kappa value ranges 
from 0.0682 for the hard sites to 0.0763 for the 
soft sites, with 0.072 as an average value. This 
result suggests that northern Morocco has high 
Kappa values when compared to other parts of 
the world (Yadav et al., 2018).

The mean kappa values for both of the re-
search areas (Soft soil type and hard rocks type) 
are nearly identical to the kappa values ob-
tained in Northeast India, Northwest India, and 
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Figure 3. Location of earthquakes in the red circle and recording stations in the 
blue triangle icon used in the present study (Wessel and Smith 2004)

Figure 2. Example of three-component velocity records (Vertical, north–south, east–west component) 
recorded by PM04 of the XB network from the event on 08 December 2009. BHZ is the vertical 

component; BHN is the North-South component; BHE is the East-West component
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Saint-Louis, USA (Table 4). Low values of the 
mean of the kappa parameter are found in sev-
eral regions such as Switzerland by 0.015, the 
Western Alps by 0.0125, and mainland French 

by 0.04–0.06. The low kappa value indicates 
that the local geology has very little impact on 
high-frequency attenuation (Rinne, 2021). Due 
to the high kappa value obtained in this study, 

Table 2. List of earthquakes used for the estimation of kappa parameter, k
ID event Depth Magnitude Latitude Longitude

200911201915 25.7 3.8 34.8506 -5.5166

20091208211238 14.8 3 34.834 -5.5473

20100214221434 27.1 4.2 34.882 -5.5342

201002070934 7.1 3.7 34.894 -5.7842

201001190158 10 3.5 34.704 -4.4617

20100121165707 12.9 4.5 34.7985 -5.7031

201002070320 30 3.1 34.8414 -5.7165

20100213050309 10 4 34.8347 -5.7499

201003071635 73.8 3.6 35.203 -4.9779

201004220123 42.2 4.8 35.3272 -6.2519

201004131138 35.9 3.8 34.6806 -5.6645

20100219041311 10 4.3 33.4391 -4.2612

201001250235 60 3.4 35.58 -5.8377

20100123002907 10 3.7 32.6964 -3.1803

201003230531 13.8 3.7 33.6287 -5.4764

201003150013 24 3.7 33.9941 -4.6317

20100219041309 10 3.5 33.616 -4.233

201003120851 24 3.8 34.0097 -4.5022

201003271421 0 3.8 33.7785 -4.6277

201003171651 26.5 3.8 35.203 -4.3495

201003140537 20 3.0 33.9313 -4.3693

201003120317 24 3.6 33.9312 -4.4972

20110210212542 11.3 4 34.2882 -2.9082

201102140602 10.9 4.5 32.0523 -5.9026

201102150115 28.4 3.5 34.972 -3.7713

201102180110 23.8 4.2 35.6338 -4.4791

201105010450 6.3 4.3 32.7206 -5.3896

201107180226 10 Ml=2.3 34.6729 -4.1626

201109292044 35 Ml=3.2 34.9709 -4.6479

20110301102626 97.9 3.7 35.1406 -4.7261

20120704074416 19.8 4 34.8894 -2.9617

20120710041952 19 3.8 34.2113 -5.2821

201009050333 14.7 3.3 35.0823 -3.0246

201009110357 15.1 3.0 35.0467 -2.9775

20100422014248 53.9 3.2 35.3366 -6.2688

201202180028 29.6 4.2 34.4874 -5.6734

201207040744 19.8 4.0 34.8894 -2.9617

201012141745 8.9 3.6 35.3796 -4.1563

201102102125 11.3 4.0 34.2882 -2.9082

20101016035249 17.6 2.9 35.5132 -3.7984

20101016035251 10 1.9=Ml 35.5256 -3.7817

20100414152119 10 4.1 34.8001 -5.6973
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Table 3. Locations and duration of the 13 seismic stations used in this study
Network Station Latitude Longitude Elevation Start time End time

XB PM04 35.402599 -5.1525 111.0 2009-02-11T00:00:00 2012-10-31T23:59:00

XB PM05 35.213402 -5.3368 510.0 2009-11-01T00:00:00 2012-10-30T23:59:00

XB PM07 35.227501 -4.9863 711.0 2009-11-02T00:00:00 2012-10-31T23:59:00

XB PM08 35.144798 -4.7082 253.0 2009-11-02T00:00:00 2012-10-31T23:59:00

XB PM11 34.930801 -4.3119 1004.0 2009-11-03T00:00:00 2012-10-31T23:59:00

XB PM21 33.720501 -5.3197 1013.0 2009-10-28T00:00:00 2013-05-27T23:59:00

XB PM22 33.294701 -5.1071 1945.0 2009-10-22T00:00:00 2009-10-29T00:00:00

XB PM22 33.294701 -5.1071 1945.0 2009-10-29T00:00:00 2011-03-09T11:30:00

XB PM23 33.127998 -5.0300 1990.0 2009-10-22T00:00:00 2013-05-27T23:59:00

XB PM24 32.9953 -4.8979 1599.0 2009-10-22T00:00:00 2013-05-27T23:59:00

XB PM25 32.875702 -4.8880 1417.0 2009-10-20T00:00:00 2013-05-27T23:59:00

XB PM26 32.524502 -4.5659 1840.0 2009-10-20T00:00:00 2013-05-26T23:59:00

XB PM36 34.8894 -3.7359 776.0 2010-10-19T00:00:00 2012-10-30T23:59:00

Figure 4. Example of kappa parameter estimation using spectral amplitude in the frequency band of 8-23Hz 
for the event «20091120» which was recorded by PM05. The solid red line shows the best-fitted lines

Table 4. Compares results obtained from this study with those from other parts of the world
Region Mean Kappa value Reference

Switzerland 0.015 Bay et al. 2003

Switzerland 0.0125 Bay et al. 2005

Western Alps 0.012 Morasca et al.2006

mainland France 0.04 for rock sites Douglas et al. 2010

Northeast India 0.0637 for firm ground type of site Awasthi et al. 2010

Northeast India 0.0756 for soft rock type Awasthi et al. 2010

Northwest India 0.03–0.095 for various sites Mittal et al. (2022)

Delhi region, India 0.0118–0.0537 for various sites Mittal et al. (2021)

Saint-Louis 0.007 Hermann and Akinci (1999)

Memphis 0.063 Hermann and Akinci (1999)

Greece 0.060 Margaris et al. (1998)

the local sites of the seismic stations have a sig-
nificant influence on the high-frequency attenua-
tion. Figure 5 shows the existing correlation be-
tween the kappa parameter and the hypocentral 

distance and Figure 6 illustrates the dependency 
of the kappa parameter on the hypocentral dis-
tance for all 12 seismic stations used in this study. 
The distance-dependency of the kappa laws for 
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each pair station-event is, using linear regression, 
shown at the top of each plot accompanied by the 
dependency index R-square. A highly significant 
correlation between the Kappa parameter and the 
hypocentral distance was observed for some sta-
tion sites such as PM05, PM21, and PM22, and a 
low correlation was observed in others. The rea-
son could be the low number of data per station 
or high seismic noise recorded for some stations 
or both. Also, the kappa value is sensitive to the 
data selection criteria and the methodology choice 
(Palmer and Atkinson, 2020). In Indian Himala-
yan region, Yadav et al. (2018) and Mittal et al. 
(2021, 2022) found that the distance dependence 
is not significant. Additionally, they observed that 

Figure 5. Correlation of the kappa parameter for each seismic station site with 
the hypocentral distance and their error for northern Morocco

Figure 6. Dependency of kappa parameter 
on the hypocentral distance for all 12 

seismic stations used in this study
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there is no clear distance dependence for both the 
horizontal and the vertical components. The near-
source parameter, κ0, obtained from the station de-
pendence at zero distance, indicates the site attenu-
ation immediately under the station site (Hough 
and Anderson, 1988). It is a unique property of the 
seismic site (Awasthi et al., 2010).  Once the de-
pendency equation of the kappa parameter for each 
event-station pair has been determined, the near-
surface attenuation parameter k0 is derived using 
equation (4). 

Figure 7 illustrates the distance dependence 
of kappa for hard rock sites and soft soil sites. 
For hard rock sites, the linear fit relation is k = 
0.0754-3E-05R  and for soft rock type sites, k = 
0.0847-8E-05R. k0 is 0.0754 for hard rock type 
sites and 0.0847 for soft rock sites. This indicates 
that the value of near-surface attenuation for soft 
rock stations has a higher value than those of hard 
rock type sites. This result is consistent with the 
experimental research conducted by Yadav et al. 
(2018) in North East India. In France, Douglas et 
al. (2010) observed that kappa is affected by the 
local geology proprieties and hypocentral distance. 
They have found κ0 = 0.0270 for soft soil rocks and 
κ0 = 0.0207 for hard rocks. For Guerrero, Mexico, 
Humphrey and Anderson (1992) discovered no 
relationship between the kappa parameter and site 
geology. In the Kachchh region of Gujarat, India, 
Kumar et al. (2018) found that κ0 = 0.016 for hard 
rock sites and κ0 = 0.0201 for soft rock sites. Using 
data from the ANZA Seismic Network, Kilb et al. 
(2012) found κ0= 0.036 for soil soft rock sites and 
κ0= 0.030 for hard rock sites in Southern Califor-
nia. Chang et al. (2019) calculated the near-surface 
attenuation parameter for the Taiwan region and 

found that its values vary from 0.032 to 0.097 at 
the surface and from 0.012 to 0.078 in the borehole.

CONCLUSIONS

Using the Anderson and Hough technique 
(1984), we have calculated the kappa proprieties 
from the horizontal components for the region of 
northern Morocco through the spectral decay am-
plitude at high frequencies. The estimated aver-
age factor of the Kappa value ranges from 0.0682 
for the hard sites to 0.0763 for the soft sites, with 
0.072 as an average value. According to this find-
ing, northern Morocco has higher Kappa values 
than other regions of the world. The linear fit rela-
tion for hard rock sites is k = 0.0754-3E-05R and 
for soft rock sites is k = 0.0847-8E-05R. It means 
that the near-surface attenuation, k0, is 0.0754 for 
hard rock sites and 0.0847 for soft rock sites. It im-
plies that the near-surface attenuation for soft rock 
stations is higher than the hard rock type sites. The 
average kappa values for both research areas (Soft 
rock type and hard rock type) are very similar to 
those observed in Northeast India and Saint-Lou-
is, USA.  For some station sites, including PM05, 
PM21, and PM22, a highly significant correlation 
between the Kappa parameter and the hypocentral 
distance was seen, although a poor correlation was 
seen in other cases. These results can be used for 
the seismic hazard evaluation of Morocco.
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