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Abstract: This paper presents a rapid assessment procedure of the maximum seismic intensity in Tebessa. The macro-seismic 
and instrumental data were exploited from the seismicity of North-Eastern Algeria spread over the period 1856 –2013. The 
data was studied in two steps: (1) attenuation of the seismic intensity by the relations of Shebalin and Ganse, and (2) estima-
tion of the seismic hazard by the probabilistic method, which resulted in a maximum seismic intensity of 6.12 for a return 
period of 475 years on the Modified Mercalli scale, which could affect the city of Tebessa.
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1. INTRODUCTION

Seismic data are of great importance for public authorities as 
a decision and planning aid for urbanisable areas and the cor-
responding construction measures. This study aims to analyse 
the available historical and instrumental seismic data for the 
Nememcha region to provide a rapid assessment of the expected 
intensity in the event of an earthquake. According to Bezzeghoud 
et al. (1996) and Roussel (1973a), the area studied, where the city 
of Tebessa is located (Latitude: 35°24′15″ North - Longitude: 
8°07′27″ East), has always been considered as an area of very low 
seismic activity because the few events reported did not exceed 
the intensity (MMI) = V. The distribution of seismic magnitudes 
in time and size is generally treated by extreme value theory and 
is formulated on the basis of the following assumptions: (a) the 
prevailing conditions must be almost the same in all cases, and 
(b) the highest observed values are independent of each other. 
This theory has been successfully applied by many researchers 
in recent decade (Al Abbasi et al., 2018).

In this study, a process of identification and characterization of 
the seismic sources likely to produce effects on each point of the 
target area was carried out. This was followed by the prediction 
of the size of future earthquakes with prediction of the maxi-
mum seismic intensity, caused by these future earthquakes. The 
mathematical approach to perform this calculation is known as 
Probabilistic Seismic Hazard Assessment (PSHA). The concept 
of seismic source to present seismicity using the probabilistic ap-
proach was introduced by Cornell (1968). Three types of sources 
were differentiated: source points, source lines or source faults and 
source zones. In this case, the source-point was used to identify 
the epicentres of the earthquakes conceded when a potential 
source of earthquakes is geographically concentrated in relation to 
the focal distance D separating it from the site. The ground motion 
parameter is a function of distance and magnitude or intensity. 
Thus, the results obtained also aim at improving the seismological 

model currently used in Algeria, whose scale and level of precision 
are limited to the microspatial territorial dimension.

2. �STRUCTUR AL GEOLOGY AND MACRO-
SEISMIC DATA SET OF THE STUDY AR EA

2.1. Structural geology

The region of study is part of a vast palaeogeographic province 
extended on both sides of the Algerian-Tunisian border called 
the Algerian-Tunisian Atlasic basin (Figure 1). It is one of the 
basins of the Atlasic domain of the eastern Maghreb elongated 
in a north-east-south-west direction in the relatively wide north-
eastern edge of North Africa at the level of its south-western 
part which corresponds to the Aures and it narrows progres-
sively towards the Tunisian NE. The Mellègue Mountains form 
the eastern extension of the Saharan Atlas. It is a set of massif 
structurally oriented NE-SW whose main structural features 
are: tectonic accidents, anticlines and synclines, the appearance 
of Triassic formations and collapse ditches.

Research on the structure of the study region (Dubourdieu, 
1956) has revealed the existence of several groups of regional 
impotence faults which have played a primordial role in the 
present structure, some of which are responsible for the loca-
tion of Triassic points on the surface. The NE-SW directional 
faults are of NE orientation (30°, 60°) and are represented at 
the Ouenza Anticline by a so-called main or peak fault with a 
maximum release of about 200 metres. Concerning the NW-
SE transverse faults, they affect the deepest resistance layers 
of the Albo-Aaptian of Hameimat Nord and connect them to 
the Bulconian marls (Othmanine, 1987), the mineralisation of 
Hameimat Nord-Est. controlled by these faults. The tectonic 
pattern that affects the Mellègue Mountains is relatively flex-
ible and has led to the formation of chains and depressions that 
are oriented NE-SW corresponding to anticlines and synclines 
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with large radii of curvature. Their skeleton is provided by the 
competent limestone levels. These folds are the result of Neogene 
compressions, the exact age of which has been discussed.

The most important Triassic outcrops are in the form of evapo-
ritic domes with no outcropping salt, or vast clay-gypso-dolo-
mitic formations. They are numerous between Tenis in Tunisia 
and Tebessa in Algeria; this is the area of the diapirs. In this zone, 
diapirism is manifested at different stages, i.e. polyphase dia-
pirism (Dubourdieu, 1956; Thibiéroz & Madre, 1976; Masse & 
Chikhi-Aouimeur, 1982; Perthuisot & Rouvier, 1992; Kowalski 
& Hamimed, 2000). The Triassic formations are brought to the 
surface following the Albo-Aaptian and Tertiary - Quaternary 
distension phases, between which an Eocene (Fini-Lutetian) 
compressive phase occurred (Chabane, 2015). The triggering 
of halokinetic phenomena is linked to the tilted block disten-
sion which characterised the eastern Saharan Atlas during the 
Cretaceous, after fracturing of the ante-salt substratum (Vila, 
1980). The mobilisation of the saliferous material is favoured 
by its creep and the existence of fragile zones in the saliferous 
post cover, thus provoking its ascent and upward migration 
(Salmi-Laouar, 2004).

2.2. Seismo-tectonic context of the study area

The active Alpine and Himalayan belts extend from Southwest 
Asia to the Atlantic Ocean. In the Mediterranean region, this 

belt is characterized by a permanent convergence movement of 
the African and Eurasian tectonic plates with a NW-SE conver-
gence direction, indicated by most of the geological or geodetic 
models (Argus et al., 1989; Altamimi et al., 2007; Calais et al., 
2003; D’Agostino et al., 2008; DeMets et al., 1990, 1994, 2010; 
Fernandes et al., 2003; McClusky et al., 2003; Serpelloni et al., 
2007; Sella et al., 2002; Reilinger et al., 2006; Nocquet et al., 
2006; Kreemer & Holt, 2001; Prawirodirdjo & Bock, 2004). 
This regional geodynamic context has generated in the North 
of Algeria, over a band of about 200 to 300 km wide, a set of 
tectonic structures (folds, faults) with a general direction per-
pendicular to the direction of convergence of the tectonic plates. 
In the eastern region, earthquakes seem to be rather decreasing 
due to a reorientation of the stress field (Bounif et al., 1987; 
Meghraoui, 1988; Beldjoudi et al., 2009), as well as a relatively 
high seismic activity. This seismicity is superficial; hence, it often 
has a destructive character.

2.3. Seismicity in North-eastern Algeria

The data analysed correspond to the geographical region lo-
cated between latitudes 34.5° N and 38° N and longitudes 5° 
E and 8.5° E (Figure 2).  The basis of the macro-seismic and 
instrumental data was used by Harbi (2001) and Harbi et al. 
(2003a, 2003b). The author compiled a catalogue of earthquakes 
for north-eastern Algeria (4° - 9.5° E, 33° -38° N) based on the 

Figure 1. Situation of the North of Tebessa in the structural and palaeogeographic context of the Algerian-Tunisian Atlas basin

Source: Burollet and Desforges (1982) and Herkat (1999)
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determination of the macroseismic information available in 
1900, and on the comparison between the most recent cata-
logues (Benouar, 1994; Mokrane et al., 1994). He merged them 
into a unified and homogeneous catalogue (where the type of 
amplitude and intensity is, respectively, indicated). The other 
catalogue of Harbi et al. (2010) treats the seismicity of the same 
region, between the period 1850 to 2010, and provides informa-
tion on date, time, location and depth according to availability 
and the different magnitude values: Mb (magnitude of volume 
waves), Ml (local magnitude), the magnitudes of surface waves 
(Ms) are determined based on Benouar’s empirical relations.

The CRAAG (Astronomy, Astrophysical and Geophysical 
Research Center), in charge of seismological observation and 
monitoring in Algeria, contains the original data and the uni-
fied fields from 1856-2013 period, resulting from the following 
processes: 

• identification of the same earthquake in the catalogues: 
CRAAG, Harbi et al. (2010) and the ISC (International Seis-
mological Centre), which provides many more events, especially 
small earthquakes, as well as the USGS/NEIC (National Earth-
quake Information Centre) catalogues;

• hierarchy of macro-seismic and instrumental locations;
• homogenize seismic data, i.e. giving a single type of param-

eter (magnitude or intensity) of the same scale the magnitude 
of the surface waves Ms. This choice is due to its use by all in-
ternational bodies, and intensity in MSK-MM.

In addition, the most recent information on the spatial distri-
bution of the maximum intensity over the region is presented by 
the map of calculated maximum intensities (IMC) of Boughacha 
et al. (2004) and is verified by comparing the map of observed 
maximum intensities (IMO) of Roussel (1973b) and the map 
(IMO) Io ≥ V modified by Bezzeghoud et al. (1996). This makes 
it possible to identify the degree of intensity (V) for our study 
area. The northern part of the southern Atlas flexure has very low 
seismicity, with the exception of the regions of Biskra and Batna 
where few events of intensity IX have been observed (Ayadi & 
Bezzeghoud, 2015).

3. DATA

3.1. Distribution of seismic events recorded

The basic version provided by CRAAG is the most credible 
source of seismic data for our implementation and covers well 
the targeted region as a source (5°– 8.5°E and 34.5°– 38°N). It 
extends from 1856 to 2013 and contains 3185 seismic events. 
The latter includes several essential parameters, allowing the 
description of the earthquakes, such as the date (day/month/
year) and the exact time of the origin (hour-minute-second), its 
epicentral coordinates (longitude and latitude), the magnitude 
of the surface waves (Ms) and the depth of focus in kilometres 

Figure 2. Map of macroseismic and instrumental epicentres in north-eastern Algeria (period 1856–2013)
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(km). Only 65 of the 3185 maximum intensity values are received 
at the epicentre indicated in the Modified Mercalli Scale (MM) 
of degree between III-IX, in the period 1856-1985. The spatial 
distribution of all cumulative seismic events in the region (Figure 
2), gives a general representation of the seismicity of the target 
area for the period (1856-2013). It can be noted that the epicen-
tres are concentrated more particularly along the coastline, in 
the Tellian Atlas (Figure 2). Moving southwards the frequency 
of seismicity decreases very significantly. It should be noted that 
this region is characterised by fairly moderate seismic activity.

3.2. Seismic level

The distributions by degree and 
class of magnitude of the cata-
logued earthquakes that shook 
the region of Northeast Algeria 
during the space-time 1856-2013 
are presented in Figures 3a and  
3b.

As well as the seismic events af-
ter 1900 are presented in Figure 4.

First of all, the analysis shows 
a clear increase in the number of 
earthquakes recorded between 
2005 and 2010 (Figure 3a) and, 
particularly the class of magni-
tudes 0.9-3.9, presents 96 % of 
sampling (Figure 3b).

We also find in Figure 4 the 
stagnation in the recording of the 
seismic phenomenon during the 
period 1900-1995 (this is due to 
the voluntary destruction of the 
measuring stations, during the 
period of insecurity that Algeria 
crossed), followed by a progres-
sive improvement of the matched 
seismic data visible from the year 
2000, which ref lects the emer-
gence of a new strategy adopted 
by the CRAAG, in order to reno-
vate the quality and the number of 
the seismic monitoring network 
in Algeria.

This can be seen by the number 
and degree of magnitude recorded 
during this period.

3.3. �Seismic intensity per-
ceived in the epicentres

Firstly, the source points of seis-
mic activities that can influence 
the seismicity of the study area and 
which are concentrated in north-
eastern Algeria were identified 

(Figure 2). An adjustment between epicentral intensity and 
local magnitude was made using the method of least squares to 
overcome the problem of the lack of values for epicentral earth-
quake intensities in north-eastern Algeria during the period 
1856-2013. This allowed the establishment of a simplified but 
efficient empirical law to quickly estimate the probable epicen-
tral intensities in the epicentres (I0) (Equation 1). The model 
developed under this law (Figure 5) does not take into account 
neither site nor source effects to adapt as well as possible to the 
data collected.

Figure 3. Distribution of earthquakes, (a) in degree of magnitude per year and (b) by class of magnitude, in 

period (1856–2013)

Figure 4. Histogram of the number of earthquakes per year period (1990 –2013)

acta geologica slovaca, 13(2), 2021, 167–176
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I0 = 1.3 Ms + 0.254            (R2 = 0.99)	 (1) 

where:
I0: epicentral intensity at the epicentre,
Ms: macro-seismic magnitude,
R2: coefficient of determination.

4. METHODS

The probabilistic approach to seismic intensity assessing is based 
on calculation of the annual incidence rate of an intensity at a site 
for a given return period. Cornell (1968) introduces the concept 
of seismic source to present seismicity through a probabilistic 
approach (Dominique, 1999).

Following the poor knowledge of the seismicity of the North-
East of Algeria, it is proposed that this seismic area is homogene-
ous, and also each catalogued seismic epicenter is supposed to be 
the source point that can propagate seismic waves to the target 
site of city of Tebessa. The following probabilistic methods and 
procedures were used to estimate the seismic hazard (Ameer 
et al., 2004):

a) frequency-magnitude relationship: the methods developed 
by Gutenberg and Richter and Hwang and Huo were used for 
the estimation of seismic activity parameters (b-value and maxi-
mum regional magnitude Mmax) and the recurrence rate from 
moderate to high magnitude. 

b) determination of extreme values: the calculation of extreme 
values of magnitude or intensity corresponding to a certain 
return time, i.e. having a certain probability of occurrence.

The frequency model used to describe the statistical behavior 
of extreme values is the Gumbel statistical distribution (double 
exponential law or Gumbel law) (Ameer et al., 2004).

Based on previous work in this area (Mohammadi & Bayrak, 
2015; Shanker & Singh, 1997), also the statistical parameters for 
the first Gumbel (GI) and Gutenberg and Richter (G-R) distri-
butions were estimated using both least squares and maximum 
likelihood techniques while in the case of the third Gumbel 
(GIII) distribution, only the maximum likelihood technique 
is used to estimate the seismic parameters.

4.1. �Identification of all sources of earthquakes in 
Tebessa

The processing of seismic data by the epicentral intensity attenu-
ation relations is guided by the following phases:

During the first phase, we completed the degree of missing 
the epicentral intensity of the earthquakes listed, by relation (1), 
then we determined the epicentral and focal distances of each 
epicenter (point source) and of the target area (city of Tebessa).

Phase two determines the degree of seismic intensity ex-
pected at the level of the target zone, by each epicenter (source, 
point) according to the relations of Table 1, the treatment derives  
from the values of positive and other negative intensity on the  
target zone. This made it possible to select 159 seismic epicenters of  
positive maximal seismic intensity values observed at the target site  
(I obs

cMax). These epicenters are contained within a radius (≤200 km) 
around the target area (city of Tebessa), shown in Figure 6.

where:
I0: intensity at the epicentre, 
Ic: local intensity (target area),
 h: depth of the hearth (10 km),
Δ: distance to the epicentre (km),
r = [Δ2+h2]1/2 distance focal (km),
M: instrumental magnitude (catalogued from source area).

Figure 5. Probable epicentral intensity curve at the epicentre of north-eastern Algeria

Tab. 1. Attenuation relationship equations of epicentral intensity calculation

Author Relation Intensity scale

Shebalin (1968) Ic = I0 – 3.6 log (r/h) (2) MSK

Ganse1 (1980) InIc = InI0 – 0.10 – 0.00196 ∆ – 0.076 In ∆ (3) MM

Ganse2 (1980) InIc = In (1.5 M – 1.5) + 0.0477 ∆ – 0.022 ∆ – 0.055 In ∆ (4) MM

r apid assessment of the forecasted seismic intensity by analysis of the distribution of  epicenters – case...
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At the end of the attenuation of the epicentral intensity, the 
average distribution of the selected earthquakes (N=159) ac-
cording to the epicentral distances from the city of Tebessa was 
as follows: 

      0 km ≤ Δ ≤ 50 km; N = 6, (3.8 %) I obs cMax = 5.1 (MM)
   50 km ≤ Δ ≤ 100 km; N =21, (13.21 %) Iobs cMax = 4.2 (MM)
100 km ≤ Δ ≤ 150 km; N =78, (48.42 %) I obs cMax = 4.4 (MM)
150 km ≤ Δ ≤ 200 km; N =54, (33.96 %) I obs cMax = 3.9 (MM).

Therefore, the characteristics of the earthquake of 22/09/1995 
(coordinates of the epicentre: lat. 35°–72°N, long. 05°– 08°E; 
instrumental magnitude M = 5.3; epicentral intensity I0 = 7.2, 
calculated by Equation 1; epicentral distance Δ = 35 km from the 
target area city of Tebessa) allowed to determine the maximum 
intensity observed I obs cMax = 5.1 (MM) in the city of Tebessa.

4.2. Probabilistic assessment of seismic hazard

For the estimation of extreme values of a seismic magnitude  
or intensity, the following probabilistic methods were used:

4.2.1. Frequency - magnitude relationship
The seismic events occurring in North-East Algeria for the 
time interval (1856-2013) contain 159 selected seismic events  
assumed as identically distributed independent variables.

We propose the Gutenberg-Richter (1956) law relation 5,  
and the Hwang and Huo (1994) law relation 6 (Lungu et al., 
1997) for their study.

a) Relation frequency-magnitude (Gutenberg and Richter, 
1956)

 Log10(Nc/an) = a−b. Ml	 (5) 

where:
Ml: local magnitude,
a and b: specific constants of the study area (b: spawning of 

the distribution, a: the logarithm of the number of earthquakes 
of zero magnitude),

Nc/an: the number of cumulative magnitude per year greater 
than or equal to Ml.

The working relation for the study area is:

Log10(Nc/an) = 3.491 −0,45 Ml

b) Relation frequency-magnitude (Hwang and Huo, 1994)

N(≥ Ml) = eα−βM.(1− e−β(Mmax − M))/(1− e−β(Mmax − M0))        	    (6)

where the values of  and  are determined by relations 7 and 8. 

Figure 6. Map of the macro-seismic and instrumental epicentres less than 200 km from the city of Tebessa (period 1856 –2013)

acta geologica slovaca, 13(2), 2021, 167–176
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a = 3.5,  b = 0.45
α  = 3.5 * Ln(10) = 8.038	 (7)
β = 0.45 * Ln(10) = 1.036	 (8)
MMax = 6.5, M0 = 3

After solving the system of linear equations, the working form 
of Equation (6) is expressed below. The calculated frequency 
magnitude curve is presented in Figure 7.

N(≥ Ml) = e8.038−1.036M.(1 − e−1.036(6.5−M))/(1 − e−1.036(6.5−3)

Figure 7 results:
- the regression line adjusts well to the data, except for the 

strong magnitudes (Mi ≥ 6),
- the recurrence curve Figure 7 (Gutenberg & Richter and 

Hwang & Huo) gives the following information:
- maximum magnitude for the Algerian northeast is Mmax = 6.5,
- maximum magnitude for the epicentral distance zone  

(DE ≥ 200 km); Mmax = 6.

4.2.2. �Extreme values determination by the Gumbel I 
and III distribution

a) The objective is to estimate the extreme value of the magnitude 
(Mmax) corresponding to a certain return time, and to certain 
given probability of occurrence. The frequency model used to 
describe the statistical behaviour of extreme values is the Gumbel 
statistical distribution (double exponential law).

The distribution function of the Gumbel law of Burton (1979) 
is expressed as follows:

GI
M = e[− e−[β(M−u)]]	 (9)

where:
adjustment coefficients with the following reduced variability:
takes:

[β = –1b and a = u]	 (10)

where:
a and b are the parameters of the Gumbel (I) model.

The distribution is then written by the two relations (11 and 
12) as follows:

GI
M = e[− e(−m)]	 (11)

m = – ln[–ln (GI
M (M)]	 (12)

The advantage of using the reduced variable is that the expres-
sion of a quantile is then

 linear equation (13)

Mt = a + b.mt	 (13)

The points of the series to be adjusted can be plotted in a sys-
tem of axes (M – m). It is possible to adjust a line which passes 
best through these points and to deduce from them the two 
parameters a and b of the law.

In practice, this essentially involves estimating the probability 
of not exceeding GI

M (Mi) that should be assigned to each value 
Mi. Estimation of the distribution function GI

M (Mi) using the 
empirical frequency. 

On a sorting of the series by increasing values allowing to  
associate with each value its rank i. Simulations have shown that 
for Gumbel’s law, it is necessary to use the empirical

Hazen frequency 

GI
M (Mi) = (i − 0.5)/n	 (14)

where i is the rank in the data series classified by increasing 
values, n is the sample size, Mi the value of rank i.

Let us recall again that the return time T of an event is defined 
as being the inverse of the frequency of occurrence of the event.

T = 1/(1 − GI
M (Mi))	 (15)

b) We applied the GIII equation (16) distribution in the source 
zone North-East of Algeria to assess the seismic intensity in the 
target city of Tebessa in terms of upper limit magnitude (w) and 
possible earthquake magnitude that can occur in the next 475 
years (Mohammadi & Bayrak, 2016; Tsapanos et al., 2014).

Figure 7. Frequency-magnitude relationship for the northeast Algeria 

targeted region as a source (5°– 8.5°E and 34.5°–38°N) (period 1856–2013)

Tab. 2. Central parameters of seismic magnitude and intensity for the city of Tebessa (period 1856–2013)

Magnitude Epicentral intensity
Intensity

Shebalin Ganse (1-2) Ganse (2-2) City of Tebessa

Average 3.79 3.98 1.48 2.59 1.23 1.6

Median 3.6 3.7 0.95 2.38 0.76 1.3

Mode 3.5 3.1 4.31 3.68 3.61 3.8

Max. value 6.5 9 5.16 4.63 5.52 5.1

Standard deviation 0.83 2.01 5.16 4.63 5.52 1.1

r apid assessment of the forecasted seismic intensity by analysis of the distribution of  epicenters – case...
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G III
(M) = e{−[(w − M)/(w − u)]k}	 (16)

Where w is the upper limit of the initial variable M, u is its 
greatest characteristic value and k is the shape parameter which 
is also called the inverse of the measure of dispersion.

Let Mi (with i =1, 2, 3, …, n) are the observed earthquake 
magnitudes in the time period 1856–2013 for the source zone.

The probability that M is an extreme value of the magnitude 
is given by the cumulative distribution equation

M = w − (w − M)[−ln(P(M)]l	 (17)

This is a nonlinear function that is to be fitted to the observed 
annual extremes. If mi (i = 1, 2, …, n) are annual extreme 
magnitudes in a given region during n successive years, then 
these observed values are arranged in ascending order, so that  
m1<m2< . . . mn. Following, the plotting point probability value 
at mesh defined by

P(mi) = i/n + 1	 (18)

where i = 1, 2, 3 ..., n is the rank and n is the number of ob-
servations.

As l=1/k then plotting M as ordinate and as abscissa, draws 
a straight line which is intercepted and with – (w - M) as a slope 
(Equation 18).

The magnitude probable extreme Mmax for a period of  
T years could be determined by relation 19 proposed by Burton 
(1979) in Mohammadi & Bayrak (2016)

Mmax = w − (w − M)[− ln(1 – l)/T]l	 (19)

Gumbel’s third distribution theory is used to assess the seis-
mic parameters of the study area. These seismic parameters  
are determined by following steps introduced in Mohammadi 
& Bayrak (2016) and Jaiswal et al. (2002).

The results of the GI and GIII methods are presented in the 
Tables 2, 3, and Figure 8 shows the curve of extreme values of 
epicentral intensity (GI-GIII).

The results presented in Table 3 could be shared in two cat-
egories:

- strong values for 50 –100 years return time
- stronger values for 200 – 475 years return time.

 Also, the magnitude of large dimensions acquired is that  
of Gumbel1 (Mmax GI = 8.11–8.85 for 200–475 years return 
time).

5. R ESULTS A ND DISCUSSION

The analysis and taking into account of the seismic information 
available over a century and a half (1856 –2013) follows that  
the seismicity of the city of Tebessa is determined by the earth-
quakes of depth approximately 10 km, which occur in a radius 
of less than 200 km around the city of Tebessa.

From the presentation of the magnitude-frequency curves 
(Figure 7), we deduce that the maximum magnitude predicted in 
the North-East of Algeria would be of the order of 6.5 (Richter), 
according to the resolution of the Gutenberg &Richter equation, 
while that of the target area, city of Tebessa of the order of 6 
(Richter) by the Hwang & Huo relation.

In this perspective, the two relations (5, 6), sound very comple
mentary for the purpose to frame the degree of observation of  
the maximum magnitude of the source zones and the target zone.

Our results are close to the results of previous work in the 
Aures Nememcha zone, such as the probabilistic study of Pelaez 
et al. (2005) with Mmax = 6.8 and the deterministic study of 
Aoudia et al. (2000) with Mmax = 6.1.

Note that the value of the extreme intensity expected in the 
target zone (city of Tebessa) Iobs

T.max = 6.12 (MM), for a return 
period of 475 years, which attests to an increase of one degree 
compared to that determined by Bezzeghoud et al. (1996) and 
Roussel (1973a) for the region of Nememcha I = V (MM).

Gumbel’s Method Magnitude Gumbel-I Magnitude Gumbel-III

Return period 
per year Magnitude Epicentral 

Intensity
Intensity city 

of Tebessa Magnitude Epicentral 
Intensity

Intensity city 
of Tebessa

50 6.91 6.26 5.54 6.93 6.29 5.56

100 7.51 6.86 6.14 7.17 6.53 5.80

200 8.11 7.46 6.74 7.34 6.69 5.97

475 8.85 8.21 7.48 7.49 6.84 6.12

a = 3.42 a = 4.705 a = 1.272  w = 6.5  w = 9  w = 5.1

b = 0.65 b = 0.85 b = 0.45 u = 3.5  u = 3.1 u = 3.8

R2 = 0.98 R2 = 0.98 R2 = 0.95 k = 4.60 k = 6.21 k = 2.56

Tab. 3. Magnitude (M), epicentral intensity I0 and intensity of Tebessa (local I) obtained by the methods of Gumbel I and Gumbel III

Figure 8. Graphical representation of the distributions extreme values of 

Gumbel I and III for epicentral intensity (I0) (period 1856 -2013)

acta geologica slovaca, 13(2), 2021, 167–176
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These results consolidate our methodology provided an ad-
equate opportunity to improve the quality of the forecast of 
the targeted area.

Also deduces that the environment is more homogeneous and 
capable of producing large earthquakes. The most illustrative 
example of this phenomenon is the earthquake of September 22, 
1995, at 11:20, with a magnitude of 5.3 which struck the region 
of Tebessa in the Nememcha Mountains. The earthquake was 
located about 5 km east of a sinistral displacement-type tectonic 
lineament (Guemache, 2010). The earthquake was limited to a 
35 km strip of the target area of the city of Tebessa.

6.CONCLUSION 

The methodology adopted in this work may seem rather sim-
plistic, but it has an advantage for preliminary reconnaissance 
in areas of weak seismic data.

The method merges the frequency-magnitude law (Gutenberg 
& Richter and Hwang & Huo) and the parameters of Gumbel’s 
asymptotic type I and type III distributions using seismic data 
of Northeast Algeria during the space-time (1856–2013). The 
methods showed better results for the 150-year-magnitude-
sample analyzed, especially for the overall fit of the Gumbel 
type III distribution.

It has been found that the conventional approach based on 
the frequency-magnitude relationship gives ceiling limits on 
the magnitude that do not exceed the large value of the sample. 
So, I believe that the method is not suitable for modeling rare 
and large earthquakes.

The logical extreme value approach predicted for the study 
area (city of Tebessa) Iobs

T.max = 6.12 MM is with a magnitude at 
the epicenter Ml = 7.5 for a return period of 475 years. We can 
consider this maximum intensity observed as a very useful seis-
mic hazard parameter, which informs us quickly and in advance 
of the extent of the damage expected in the event of a similar 
earthquake.
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