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1. Introduction

Various studies on seismic hazard assessment carried out some years ago (Egozcue et al.,
1991; Mayer-Rosa et al.,, 1993) pointed out the need for better input data, particularly in
regions such as Catalonia where seismicity is moderate. With this purpose, research oriented
toward the revision of the earthquake catalogue and to the definition of an "objective"
seismotectonic frame was undertaken in the last years. A new regional seismic hazard
assessment is proposed based on deterministic and probabilistic approaches which take into
account updated data.

2. Input data

In order to analyse the seismic hazard of Catalonia a catalogue is needed made up both of
information from this region and from the surroundings, including the eastern half of the
Iberian Peninsula and the South of France (Figure 1).

Data from earthquake catalogues (I.G.N, 1991; BRGM-CEA-EDF, 1994; Fontser¢ and
Iglésies, 1971; and Surifiach and Roca, 1982) have been compiled and a new working file
containing the parametric data of each earthquake according to its respective information
source was obtained. A critical
comparison (Susagna et al., 1996) of the
different information sources together
with the inclusion of new specific
studies, for example, Olivera et al.
(1994) and Susagna et al. (1994) lead to
the creation of a new revised catalogue
. for the area of study (Figure 1).
. Epicenters from this catalogue are
. plotted in Figure 1 together with the
| seismotectonic  zones  considered.
* | Special effort has been devoted to the
' revision of earthquakes with epicenter
near the border line between Spain and
France.
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Figure 1. Seismicity and seismic zonation for Catalonia.
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applying to them a law of attenuation which calculates the intensities with the distance.
The Sponheuer (1960) attenuation law has been considered:

Lo =1 =k*log(\J(r* + B*) | h)* +k*5*loge(Nr’ + 1? —h)

where I is the epicentral intensity, I the site intensity at epicentral distance r, h the focal

depth, s the geometrical spreading parameter, § the attenuation coefficient and x a factor
relating intensity to the logarithm of peak ground acceleration.
For each event we considered a radius of the epicentral area, R,, ranging between 2 and 10 km
(depending on its corresponding I). The anelastic attenuation value considered was & < 0.001
km™', obtained from the analysis of earthquakes whose different felt intensities are known
(great earthquakes of the Middle Age and weaker earthquakes of this century). Focal depth
values as 10-15 km for earthquakes occurred in the Pyrenees and shallower depths, between 5
and 10 km for earthquakes near to the coast.
Vi \WL = rRANCE m - The greatest values of maximum likely felt
Rl SN Wi . | intensities are obtained in the Eastern Pyrenees
| R B S ﬁ”tg | (IX) while the lower ones are observed in the

AM ‘ wﬁ';\:“ , ; south of Catalonia (V). It is important to notice
i - o \ < \ ~ that most of the northemn half part of Catalonia
- / T ') | has felt at least an intensity of VIL.
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— ~ Seismicity is considered distributed on
Figura 2. Maximum likely felt intensities in NOMOgeneous seismic sources, each of them

Catalonia. characterized by the values of the parameters
defining the model of earthquake occurrence.
The method calculates the probability of exceeding different intensities at given sites due to
the different seismic sources, taking into account adequate attenuation laws.

4.1. Seismic sour

In areas where seismic activity is moderate, it is useful to introduce the concept of
seismotectonic zones rather than active faults. The basic hypothesis is that the heterogeneity
of the continental crust could explain the distribution and other characteristics of seismicity.
Thus, the tectonic zonation is the first step for seismotectonic zonation, taking into account
the more representative parameters of the crustal structure, mainly coming from the inherited
geological structures, but not including the analysis of recent and present day tectonics (post-
Miocene). For this first step, the methodology proposed by Grellet et al. (1993) has been
applied with some modifications due to differences of scale and geological context. The
variations of different parameters for selected themes allows us to individualize homogeneous
zones (Fleta et al., 1996).



A first seismotectonic zonation may be obtained, for probabilistic analysis purposes, from the
tectonic zonation, complemented by the seismicity distribution. A seismotectonic zonation
with eleven zones is proposed in Figure 1. For the Pyrenees area the zones proposed are in
agreement with the preliminary zones established in France (AFPS,1996). Only three zones of
these eleven zones are defined by seismicity distribution criteria.

4.2. Estimation of the frequency parameters for each seismic source

To quantify the earthquake occurrence in each of the considered zones the following double
truncated relation (Goula and Godefroy, 1985) is used:

Pr(l 21) = a*(exp(=f* (i~ 1,)) = eXp(=B* (i, = 1,))) / (1 = (eXP(~B* (i, i)

where Pr(Izi) is the annual probability of exceeding a value of the intensity i, ip is the
minimum epicentral intensity considered, ip,, is the maximum epicentral intensity allowable
in each zone, « is the mean annual activity rate for intensities greater or equal to iy, and the B
value is the slope related to the Guttenberg-Richter law. The minimum intensity considered in
this study is V (M.S.K.) and the maximum intensity allowed in each seismic zone depends on
the geological and seismic conditions of each source.

Seismicity parameters o and B have been estimated, following the maximum likelihood
method proposed by Weichert (1980). The resulting frequency parameters for the different
seismic zones are shown in table I:

0 1 2 3 4 5 6 7 8 9 10 11
o [0.0010.100]0.128 | 0.005[0.157 | 0.040 [ 0.099 [ 0.957 | 0.218 | 0.070 | 0.637 | 0.06
Oy |- 0.03 {0.033[------ 0.03 10.01410.025/0.09 [0.04 [0.02 [0.059]0.016
B_11.500]1.864 [1.608 [ 1.551]1.256 [1.312[1.977 [1.420[1.716 |1.737 | 1.201 | 0.886
og |- 0.5590.324 10.091[0.186 [0.373 [0.64 [0.116 [0.246 | 0.214 | 0.083 | 0.242
imax | VI Vil IX \il X IX Vii X IX VIil XI IX

Table 1. Mean values o and B, standard deviations Oy and op and i,y for each seismic source considered.

4.2. Seismic hazard estimati

The seismic hazard map presented in Figure 3 was
obtained using the mean values for the different
frequency and attenuation parameters estimated
for each seismic zone. It shows the intensity level
(as a continuous parameter) corresponding to a
return period of 500 years). The obtained
intensities range from less than VI in the South to
VII-VIII in the Northwest part of Catalonia.

A sensitivity analysis is now in progress for
investigating the influence of the uncertainty of
parameters values on the stability of the results.
Figure 4 shows the mean seismic hazard curves in
. the following towns: Barcelona, Tarragona,
oo e | Lleida, Girona, Viella and Olot; the last two towns
[ Ji ccsecwr are located in the epicentral areas of the two
| ‘ greatest known earthquakes which have occurred

Figure 3. Intensity map for a retum period of ~ in Catalonia. In the same figure the maximum
500 years.
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likely felt intensities for each city are
also presented.
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return period of 500 years. Lleida,
Barcelona and Girona show
maximum felt intensities very similar
to the values corresponding to a

' return period of 500 years. On the
ppoiinict ‘ priNNAN other hand, for Viella maximum felt
- : : : intensity is greater than the 500 years
intensity and Olot shows a difference
of two degrees.
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5. Conclusions
A new seismic hazard assessment for
Catalonia has been carried out,

i
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tectonic zonation and seismicity

INTENSITY distribution.

Figure 4. Hazard curves for 6 towns.

Two approaches are proposed, one based on maximum felt (likelihood) intensities and another
on mean intensities corresponding to a return period of 500 years.

The felt intensities result to be greater than the intensities corresponding to a return period of
500 years for the northern part of Catalonia. This result may indicate a particular situation for
this region, in the sense that the big earthquakes which occurred in the Middle age may
correspond to return periods larger than 500 years.

In order to propose a seismic zonation to be used in a construction code, this fact must be
taken into account and the intensities corresponding to a return period of 500 years need to be
modified considering maximum felt (likelihood) intensities.

An ongoing sensitivity analysis of the uncertainty of hazard parameters will allow us to have a
control of the stability of the probabilistic results.
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