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ABSTRACT

This paper presents a methodology used to re-evaluate the seismicity of a given country and adjacent regions
This requires (1) the tetrieval and revision of both macto scismic and instrumental information, (2) the
deselopment of a methodology for the assessment of seismicity. (3) the application of techniques of
completing  the homogenised available data. (4) the cstablishment of a homogeneous and  complete
carthquake catalogue for the region under survey, (5) the geographic distribution of the carthquakes in order
to define the seismic source zones in the region, (6) the calibration of the carthquakes in the region under
survey and (7) the derivation of intensity-attenuation  1efationships i the region considered.  This
methodology and the consistency process of the available data. particularly magnitude determination and
intensity estimation, ensure a high degiee of homogeneity. completeness and accuracy for the whole period
under investigation. As a consequence, this earthquake data sample has been used in seismic hazard
evaluation in this region As a demonstration of the use of this work, the assessment of seismic hazard in the

Maghreb tegion, the Atlas block. Algeria and at eight major urban cities in Algeria has been carried out
KIEY WORDS
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Hazard
INTRODUCTION
The main purpose of this work is to present a methodology to establish a uniform catalogue of  all
earthquakes reported in the Maghreb region. which satisfies the conditions of homogeneity. and to derive

from this basic data set the general laws governing the space and time distribution of carthquake occurrences

in the seismie souree zones and to evaluate the seismic hazard



2

For the Maghreb region, as in many other region of the world, earthquake hazard constitutes a constant threat
to human life and property, sometimes causing major economic losses and disruption. The rapid urbanisation,
development of critical engineering works such as dams, nuclear power plants, industrialisation of cities with
modern types of buildings and the concentration of populations living or settling in hazardous areas are
matters of growing concern, as they contribute to heavier loss of life and increase considerably the cost of
disaster damage. The environment concerns and an increased official and public awareness of earthquake -
hazards have, in the last decade, led to a rapid rise of interest in seismicity and, seismic hazard and risk
evaluations in many countries In order to assess the seismic hazard with a certain degree of reliability, an
earthquake data of the region under survey which are as complete, homogeneous and accurate as possible
are needed For this purpose, and from the point of view of long term prediction and seismic hazard

assessment, it is imperative that input data in the catalogues of many countries be revised and homogenised.

DEFINITION OF THE REGION UNDER SURVEY

By "the region under survey” it will be meant hereafter the main country to investigate and adjacent
zones. Actually, for the evaluation of seismic hazard of any country it is necessary to take into
consideration also the seismic sources which lie outside its borders, but which can affect its
territory. Thus, the investigation will cover also earthquakes, the epicentral areas of which do not
fall within the country of interest but which may afTect its seismic hazard evaluation,

The region under consideration, which is defined as the Maghreb, includes Algeria, Morocco, Tunisia and the
south Iberian Peninsula, it is limited by the Z0°N and 38°N and 10°W and 12°E, and shown in Map 1. The
term Maghreb is used here to illustrate the extent of the interest of the project, although Algeria constitutes
the main concern. For the Maghreb region, as well as for other regions of the World, it is imperative to look
beyond the boundaries of each country when evaluating seismic hazard. In fact, there are various reasons for
investigating beyond the boundaries of each country and looking rather into the north African-south Iberian
Peninsula region, designated as the Maghreb in this study, as a unit and for evaluating the final seismic hazard
of the entire zone under similar criteria: (1) Similar geological process: the countries limiting the western
part of the Mediterranean Sea and its adjacent continuation in the Atlantic Ocean have had, since hundred
million years ago, the same tectonic process marked by a relative motion alternating between left and right
lateral along the border of the African and Eurasian plates; (2) Similar present compressional state of stress:
the actual state of stress in the whole zone is dominated by a compression with a principal axis along the
NNW-SSE direction. (3) Similar historical development: the historical development of the countries in the
region shows many common factors, such as cultural background. which lasted for several centuries and are .
still apparent today. Similarities in population settlements, building stock characteristics and socio-economic
and demographic conditions, etc .., are very important parameters in the whole process of seismicity studies
in the zone under consideration. The selection of this area allows investigation of any earthquake, affecting
although not occurring in a specific zone of the Maghreb, which may influence the seismic hazard assessment
in any particular site of the region. The term Atlas is used here to define the block containing the Atlas
mountains along the whole north Africa (Map 1.).
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Map. Limit of the region under study

PERIOD OF CONSIDERATION

The period before 1900 is to be extended as back in time as far as the data allow. The problem of timing in
this period. which is carried out by historical records, is usually expressed according to various calendars or

time-systems.

The period between 1900 and 1990 deals with the twentieth century which is characterised by a rapid
development on instrumental seismology and by adequate seismological services operating in and around
countries of the Maghreb It has been found that during this period of time, homogeneous data for
earthquakes above a certain magnitude can be obtained for the entire region under survey. However, the
overall detection capability was significantly reduced for long periods of time during the unstable years
between 1914 and 1922, 1940 and 1947 and again between 1954 and 1963 for Algeria as a resuit of

permanent or temporary suspension of some stations and services.
GENERAL METHODOLOGY

The procedure which was used to re-evaluate the seismicity in a given country and surrounding regions is

piven bv the flow-chart in Fig 1 It is clear that for historical earthauakes (pre-instrtumental events) and even
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for twentieth century earthquakes for which there are no instrumental data, but for which intensities and

radii are available, their magnitudes are calculated from macro seismic data (calibration relationships).
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Fig 1 Flow-chart of the general methodology of re-evaluation

of seismicity and assesement of seismic hazard

Instrumental Information

l‘arthquake instrumental recordings in and around the Maghreb region, as in many regions in the world,
started late in the last century. Most of the seismographic stations covering the Maghreb countries were
operating in southern Europe, thus all to the north, resulting in a narrow range of azimuthal distribution of
stations Stations such as those at Cairo (Egypt) and Ksara (l.ebanon) give some additional east-west
control For a better understanding of the instrumental data in the Maghreb countries, it is important to know

about the historical development of seismographic station network in and around the region.
Seismological Bulletins

Monthly bulletins of various seismological stations and international organisations have been used along the
studv of the seismicitv of the Maghreb region for checking the event itself. completing and/or determining



missing characteristics of the event, summarised in Table 1. They may be used to re-evaluate hypocentral

locations, origin time and exceptionally to determine source mechanism.

v

SOURCES TIME COVERACE (*)
1900 1250 1990
+lHee (1925) 1 14 (]
+Sieberg (1932) —————1t 1M
Hee (1932) [T 1M
+Rodriguez (1932-40) ———eee— 3 ) 1M
+Roux (1934) —_—— 1/M
+Hee (1950) — b} 1M
+Rothe (1950) an /M
Debrach (1952) y r——s1 1/M
CrandJean (1954) ap so /M
Cutenberg et al.(1954) o (%] 1 /M
+Ben Osman (1960) 11 TI/M
+Anbraseys (1962} se /M
+Munuera (1963) [ (V]
+Pothe (1980) rr /M
Duverge (1969) 10 N ¥ I;M
Karnik (1969} o LYY I/M
Rothe (1969) § )y ————%1 1
Benhatlou et a}.(1971) $ e - —— 7D t
+Roussel (1973) 1o /M
Ben Sarl (1978) ot a0 b
Hatzfeld (1978) r3—19 ]
Frogneux (1980) 21— 8 |
4+Mezcum ¢t al. (1983 "o I/M
shoodward-Clyde (1984) o UM
+Benhallou (1985) s0 1/M
Cherkmoul (1988) o1 e /M
1S5 (1%913-63) (B} ) 1
BCIS (1950-63) so £y I
ISC (1964-8%) Camemmeeny
NEIS(1983-90) 0 ye— 1

N
+1 catalogue Including earthquate dats from pre-1900 period
{: lustrurental catalogue

M: Macroselismlc catalogue

t/M: Instrumental and Macroselsnic catalogue

Table 1: main sources used in the establishement of the Maghreb

earthquake catalogue during the twentieth century.

Seismograms

Seismograms are the fundamental observational records to study earthquakes and earth's interior. They are
recorded at seismographic stations all over the world and are usually stored locally. The relocation of
hypocentral location will be mostly accomplished using original seismograms as well as bulletin data if wave

forms are missing.



Relocation of Hypocentres

The relocation of hypocentres is a fundamental problem in seismological observations and research. In regions
well covered with seismographic stations, it is believed that instrumental locations are more precise than
macro seismic epicentres. However, this is not the case of the Maghreb countries where neither the quality of
the data nor the azimuthal distribution and number of stations is suitable for an accurate epicentral location,
particularly before 1960. Whenever, the instrumental data permits, it is imperative that earthquakes before
1960 be relocated, using the present ISC location procedure, to obtain a reliable geographical distribution of
epicentres which may lead to a better seismotectonic interpretation so that hidden features be revealed. In the
study of the seismicity of the Maghreb region, some Algerian earthquakes have been relocated to show the
degree of accuracy of the British Association for the Advancement of Science (BAAS:1899-1917) and the
‘International Seismological Summary (ISS: 1918-1963), presented in Table 2. It is found that the location
error reaches values about an average of 16 km, still remains important since it represents about 2 to 3 times
the radius of the meizoseismal area, in comparing relocated positions and macro seismic ones, where it is an
average about 65 km between relocated and ISS epicentres which is a significant improvement.

Date 1SS relocated Macroselsmic (1-2) (2-1)

(€D} (2) (&3] (km) (b))

1910 Jun, 24 36.0°N 4 .0°E  36.3°N 3.7°FE  36.13°N 3 43°F 7 30
1922 Aug. 23 36.5°H 1.SPE  136.4°N 1.1°E  36.42°N 1.20°F 25 11
1924 Mar. 16 35.0°N 6.0°F 35.4°N $.8°E 35.42°N § QUOE 50 11
1924 Nov. & 35.3°N 3.5°F 36.6°N 3.0°E 36 .64°N 2.91°E 154 1
1928 Aug. 24 34.30M 1 3PE 35 9N 0.9%E  35.94°N O BE°E 183 s
1934 Sep. 7 36.0°N 1.1°F 36.2°N 1.6°€ 36 10”N 1.70°E 60 16
1937 Feb. 10 36.69N 7.5°C 36 .4°N 7.2°F 36 18°N 17.52°F 40 35
1943 Apr. 16 36.19N 4.6°1 35S 9"N 4.0°FE  36.09°N 4 3BOF 70 $7
1946 Feb. 12 35.7°N 4.BCL 3S.7ON 4 8°E 35 70N § QOVE 2 10
1959 Nov. 7 36.4°N 2 S°C 6 49N 2 .5°E 16 419N 2 3B°L [ 8

(1-2) Locatlon error between 155 and relocated eplcentres

(2-3) Locatlon error betueen relocated and Macroseismic eplcentres

Table 2. Comparison of original ISS, relocated macroseismic

epicentres for some Algerian earthquakes
Determination of Magnitudes
Magnitudes are recalculated from world-wide stations bulletins and, when possible, from original
seismograms. An important phase of the efforts in establishing the earthquake data catalogue is the attribution

of a uniform magnitude to each seismic event.

Bodv-wave magnitude mr is calculated using Gutenberg and Richter formula;



mB = log(A/T)max + Q(D,h) + S

where (A/T)max 1s the maximum amplitude-period ratio in the wave classes (PV, PH, PPH and SH) and
Q(D,h) is a calibrating function which depends on epicentral distance D, focal depth h and wave type.

Surface-wave magnitude Mg is calculated using the Prague formula given by:
Ms = log(A/T)max + | 66log(D) + 3.3

where (A/T)max is the maximum value of the ratio of the ground displacement amplitude in microns, T is the

corresponding period in seconds and D is the focal distance in degrees.

" For the early years of this century, when Milne seismographs were operating, Mg is calculated using the

calibrating Ambraseys and Melville formula given by:
Mg =log(2A¢) + 1 25log(D) + 4.00

where (2A¢) is the double trace ground displacement amplitude (peak-to-peak) in millimetres and D is the

focal distance in degrees

For a variety of reasons, many earthquakes in the Maghreb region, as in many other regions of the world,
remain  without surface-wave magnitudes or simply without any tvpe of magnitude. To solve this problem,
Mg are estimated when possible from semi-empirical relationships, derived from the newly compiled
earthquake data bank. between Mg and mp or Mg and M, or by using the number of stations that reported
the event to the ISS or ISC. Mg for historical earthquakes, may also be estimated from the radius of
perceptibility (r3) which is defined as the mean epicentral distance of an area within which the shaking was
felt with an intensity equal to or greater than 111 (MSK) by using a relationship between Mg and r3, or by

using the relationship between Mg and Ig.

Macro seismic information (literary sources)

Documentary source materials are essential for a retrospective reconstruction of the macro seismic field data
of past earthquakes. However, it is clear that the results of any study based mainly on an inventory of data
available from various sources is subject to the quality and completeness of the information. Thus, the
earthquake data available today will determine the accuracy of this work and the significance of the
conclusions drawn. Sources of information are found in local and European documentary materials,
newspapers, administrative records, special studies, scientific reports, private diaries and various books. Such
materials are found to be available in libraries and archive centres across the Maghreb countries and the
Mediterranean European countries such as Spain, Italy and, particularly France.



Catalogues

Although catalogues or listings of earthquakes in the Maghreb region are generally available, they cover
different time periods, incomplete at a given region, and are grossly deficient in several respects, particularly
in magnitude, depth and location. For some events, especially those prior to 1960, epicentral locations,
magnitudes and other pertinent earthquake characteristics are inaccurate or simply not available. They are
also inhomogeneous with respect 1o how earthquake parameters were assigned from macro seismic data;
therefore. the quality of the catalogue could be increased by evaluating earthquake parameters according to
standard procedures Today, methodologies for calculating earthquake parameters are well presented for
instrumental data, but not for macro seismic information. With reference to the problem of the analysis of
macro seismic information, a study of the actual procedures of carthquake parameter determination from
* macro seismic information should be carried out and the most convenient one will be adopted when assessing

seismic hazard

The first task was to make an inventory of all existing catalogues covering the whole region or parts of it and
period under investigation, shown in Table 1, and to compare and combine their entries. The number of .
estimates inventoried for the Maghreb reached 12447 for 7,724 earthquakes reported of which 2,061 have
surface-wave magnitude equal to or greater than 3.0. This methodology has allowed the estimation of the
accuracy of the various catalogues and, in particular, the identification of the sources consulted in their
compilations as well as the procedures used in the determination of the earthquake parameters. These
catalogues. despite their incompleteness and inhomogeneity, constitute important references, in terms of
both felt and recorded seismic activity, and should be considered as the starting point for the revision of the
seismicity of the region under consideration Additional macro seismic information, collected during the re-

evaluation of the seismicity, are used to answer ambiguities among previous catalogues.

Contemporary Accounts

These documentary sources could be classified under two general headings which are: the official reports and
the general public information (local and foreign newspapers). The first type includes published and
unpublished scientific works, official reports, administrative correspondence, private letters and military
records. The second type of document, although written for public consumption, generally presents the
effects of the event according to the geographical and political circumstances. Some of these reports contain
detailed information, mentioning names of damaged cities, villages, hamlets and even buildings, houses and
streets. behaviour of the population and animals, effects on nature, relief operations, photographs and
interviews with people. This type of archives has played a major role in the revision of the knowledge of the
seismicity of the Maghreb From his accounts, generally, one is able 1o retrieve the historical context during

which the earthquake occurred



Other Documentary Sources

Another new source of information appearing during the twentieth century is unpublished technical reports
related to the construction of large engineering structures. Most of these reports contain invaluable
information accumulated in situ by engineers or geologists after an earthquake or in specific studies made to

evaluate local seismic hazard.
INTENSITY ASSESSMENT

Intensity assignment presents also one of the main reasons for inhomogeneity. Intensity value is usually
attributed in terms of different scales, sometimes even unspecified. Newly retrieved data should be re-assessed

"according to one suitable scale and correlate the old data with it.

Intensities, in the re-evaluation of the seismicity of the Maghreb region, are re-assessed with reference to the
Medvedev-Sponheuer-Karnik -MSK- (1981) intensity scale, using standard criteria and macro seismic

information retrieved from various sources mentioned earlier.

For a wise analvtical study of past earthquakes, and better understanding of the information contained in the
contemporary sources. one should take into account the political, socio-economic and demographic
conditions, times of peace or war, cultural and religious backgrounds as well as the building stock .
characteristics of the period concerned. From these factors that may influence the macro seismic information,
the buildings play a major role in the frame of intensity estimations. Because the building stock in the
Maghreb countries, as that in many other regions in the world, has numerous variable characteristics such
age, building materials and structural systems, an extensive investigation was carried out in order to reveal
what type of constructions were exposed and what state they were in during the period of the concerned

earthquake

In the study of the seismicity of the Maghreb region, Intensities 1X (MSK) and higher are assigned to the
sites where destruction was complete (intensity depending of the nature of buildings) and there was great loss
of life. Broadly, this means that within the area containing the fault-breaks associated with the earthquake,
masonry and adobe structures were totally destroyed, many of which collapsed completely, causing
casualties Intensities VI to VIII (MSK) are consistent with a rigid interpretation of the MSK intensity scale.
Lower intensities IV to V (MSK) were attributed solely on felt effects and on evidence of lack of damage to
low-quality types of constructions. For the very low intensities [I to 111 (MSK), negative reports were also
taken into account, generally in the absence of very low intensity observations, intensity m* (MSK) is

assumed to be the boundary of the felt area
ISOSEISMAL MAPS

From intensity data when enough, an isoseismal map has been constructed and a macro seismic epicentre
located for each studied earthauake. Radii (Ri) and intensitv (I3) should be better reported in the catalogue.
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The location of macro seismic epicentres is of great value, in terms of tectonic feature determinations,

particularly during the first half of this century when instrumental data were still unreliable.

CALIBRATION OF HISTORICAL EARTHQUAKLES

From the isoseismal map using the pairs Ij and Rj with their corresponding surface-wave magnitude Mg, a
relationship Mg = IR, Tj) can be easily derived. For the Atlas block, the data set used consists of 32 events
and 123 (lj, R;j) pairs

The derived relationship. which represents the equivalent surface-wave magnitude, Mg, in terms of felt
"effects, could be used to assign magnitudes to historical and even to 20th century earthquakes which have

no instrumental data but for which isoseismal radii and intensities are available.

INTENSITY ATTENUATION

From the catalogue, the Atlas data which consist of 123 (Ij, Ri) pairs corresponding to 32 events is used to
derive an intensity-attenuation relationship I =~ f{iMs, Rj) for the Atlas Block. This model is found to
predicted quite accurately the fall-off of intensity with distance. The rate at which intensity die-out with
distance is of great importance for the assessment of the seismic intensitics to be expected at a given site as a
result of an earthquake Intensity distribution may be used to estimate focal depth and together with other

parameters, to estimate the size of an event

TECTONICS

It is generally agreed that earthquakes have occurred along faults. Thus, the first step is to identify and
classify the tectonic and geological faults. The identification of the tectonic process plays an important role

in modelling earthquake occurrences.

SEISMIC SOURCE ZONES

The definition of seismic source zones is based upon the interpretation of geological, geophysical and
seismological information. The configurations of individual sources could be point source, line source, area
source or volume source, depending upon the type of source chosen and the ability to define its geologic

space.
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JROUND MOTION ATTENUATION LAW

Ground motion attenuation laws depend on the concerned region. Very often, due to the absence of strong
motion data for the region under study, an attenuation law is selected from a region of similar tectonic
process. The ground motion attenuation law is given in the form of a = f(Ms. d;). Figure 2 shows the
Algerian strong motion data fitted to Attenuation derived for Europe by Ambraseys and Bommer (1991)

which is used in the evaluation of seismic hazard in the Maghreb region.
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Fig 2. Relationships between peak valucs of recorded horizontal accelerations and distance r in
Chenoua 1989 earthquake. The solid line shows the values predicted by the equation of
Ambraseys & Bommer (1991) and the dashed lines are 84-percentile value of this prediction.

SEISMIC HAZARD EVALUATION

- In deterministic seismic hazard analyses, seismic sources are assigned maximum earthquakes which
are assumed to occur at the location, within the source, closest to the site of interest. This approach uses the

ground motion attenuation 1o estimate the ground motion parameter at a given site.
a = fiMs, dj)

- The probabilistic seismic hazard analysis allows the use continuous events and models. This consists
of the evaluation of the probability of occurrence of an earthquake strong enough to cause damage within a

given region or site and in a given time interval

P(a A/Mg, dj)
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To illustrate this approach in this research work:

(1) The seismic hazard is evaluated using Gumbel type 1 asymptotic distribution in the Maghreb region,
shown in Figure 3.
(2) The estimation of modal magnitude return periods using Gumbel type 1 distribution at major urban cities

in Algeria is presented in Table 3.
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Fig 3: Seismic hazard for a sample of earthquake magnitudes

and return pertods in the Maghreb region,

Mean return Perlod

Cley Parameters Magnttudes for  Fer Magnitudes (rears)

U b 50- 100-yr RP 4.5 5.0 5.5 6.0
Alger 4.37 0 64 6.8 1.3 1.2 s 5.8 127
Oran 1.98 0.58 6.2 6.6 2.4 5.8 137 123
Annaba 4.24 0 51 6.2 6.6 1.6 ta 118 3158
Constantlne 4.2 0.48 6.1 6.4 1.7 48 133 80
Chlerl 418 0.64 6.7 7.2 1.6 3.6 7.8 171
Set!r .17 0.53 6.3 6.7 1.5 4.0 10.2 2612
Mascara 4.09 0.50 6 0 6.3 2.3 0.2 6.8 4506
Msila 4 32 0.57 6.3 6.9 1.4 3.3 RO 191

Table 3: Results of seismic hazard analysis for eight cities in Algeria.
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CONCLUSION

This methodology and the consistency process of the available data, particularly epicentre locations,
magnitude determinations and intensity estimations, ensure a high degree of homogeneity for the whole
period under investigation This has led to a homogeneous and complete earthquake catalogue for the
Maghreb region which can be used in seismic hazard and risk evaluations in this region. The catalogue
compiled in this work is stored as a computer file for ease of use. However, this research clearly
demonstrates that in order to investigate the pattern of current tectonic activity or to evaluate long term

seismic hazard in a certain region, seismic information should go back in time as far as possible.
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