HELMHOLTZ-ZENTRUM POTSDAM

Helmholtz-Zentrum DEUTSCHES
PoOTsSDAM GEOFORSCHUNGSZENTRUM

G. Grunthal, R. Arvidsson, Ch. Bosse

Earthquake Model for the
European-Mediterranean Region
for the Purpose of GEM1

Scientific Technical Report STR10/04

ﬁ HELMHOLTZ

www.gfz-potsdam.de | GEMEINSCHAFT



Imprint

HELMHOLTZ CENTRE POTSDAM

GFZ GERMAN RESEARCH CENTRE
FOR GEOSCIENCES

Telegrafenberg
D-14473 Potsdam

Published online in Potsdam, Germany
September 2010

ISSN 1610-0956

This work is published in the GFZ series
Scientific Technical Report (STR)

and is open accessible available at:
www.gfz-potsdam.de - News - GFZ Publications



G. Grunthal, R. Arvidsson, Ch. Bosse

Earthquake Model for the
European-Mediterranean Region
for the Purpose of GEM1

GFZ German Research Centre for Geosciences, Potsdam
Section 2.6 ,Seismic Hazard and Stress Field"

September 2010

Scientific Technical Report STR10/04

Scientific Technical Report STR 10/04
Deutsches GeoForschungsZentrum GFZ
DOI: 10.2312/GFZ.b103-10043



G. Griinthal, R. Arvidsson, Ch. Bosse

Scientific Technical Report STR 10/04
Deutsches GeoForschungsZentrum GFZ
DOI: 10.2312/GFZ.b103-10043



Earthquake Model for the European-Mediterranean Region for the Purpose of GEM1

Contents
1. Inducement and definition of the task.........nn e 4
2. The seismicity data file........... s 4
3. The SESAME seismic source zone model and its modification.............ccooenrirreenccnn. 6
4. The seismicity parameters of the SOUIrce Zones.............nnnn—. 14
4.1  SeiSMICILY dALA Pre-PrOCESSING ...veveureererreerreesesssessesssesssssessesssesssssesssessesssesssssssssssssssssessssssesssessees 14
4.2  The frequency-magnitude PATAIMELELS .......oeeneeseessesseesesssessesssssssssssssessssssssssssessssssesssessees 16
4.3  The maximum expected MAGNILUAC My, gy «eweereereereerseeseesseesesseessessessssssesssessssssssssssssssssssssssssees 21
O U V=3 (o Yole T W (=) 1 T OSSO 22
5. The sanity check of the derived parameters in terms of a preliminary seismic
RAZATA MAP ... 29
6. L0000 1 L0l L3 1) 4 PP 32
REEEI@IICES ...t s e s R R e s s 32

The PSHA input model provided with this report has been delivered to GEM1 in January

2010. The sanity check in form of a preliminary seismic hazard map has been updated in
September 2010.
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1. Inducement and definition of the task

The Global Earthquake Modelling project (GEM; www.globalquakemodel.org) requires in
its starting phase GEM1 the use of existing and available earthquake models. The first earth-
quake model developed for the Euro-Mediterranean region is that of the Global Seismic Haz-
ard Assessment Program GSHAP (Giardini et al. 1999). For the area north of 44°N repre-
sented by the GSHAP Region 3 (Griinthal et al. 1999a), a homogeneous earthquake model
could be derived, while for the Mediterranean region, the GSHAP Region 4, a patchwork of
regional approaches had to be assembled at the final stage of the project as a joint map
(Griinthal et al. 1999b). A more homogeneous source zone model for the Mediterranean re-
gion was then developed within the IGCP ESC-project SESAME (Jiménez et al. 2001), where
the different sub-regional models required minor adjustment in areas, where the different
models join. At a later stage of the project SESAME, the data for the European part north of
the Mediterranean developed for GSHAP (Grtinthal et al. 1999a) had been added (Jiménez
et al. 2003). Unfortunately, the seismicity parameters of the seismic source zones south of
the GSHAP Region 3, i.e. the areas south of 44°N, are not accessible. Therefore, for the pur-
pose of GEM1 the task was defined to provide the parameters of the seismic source zones. To
these parameters belong:

- the geometry of the source zones,

the frequency-magnitude parameters v, and b,

the maximum expected magnitude m,,, .,
the focal depth h.

Since the Euro-Med part of GEM1 is represented by the EU-project SHARE, the study
area is oriented according to the one defined for SHARE (Figure 1). The southeastern part

of our model was extended to cover a larger part of Turkey (up to about 38°E) than the
original SHARE study area of Figure 1. Reasons for this are, that the large source zones of
central Turkey and the North and East Anatolian faults are considered as a homogeneous
unit and should not be divided for hazard purposes.

In addition to the GEM1 requirements a first sanity check with respect to the earthquake
model, particularly the frequency-magnitude parameter, has been performed in form of an
elementary probabilistic seismic hazard assessment (PSHA). This preliminary seismic ha-
zard calculation does not represent any final PSHA.

2. The seismicity data file

The seismicity data file used for this study is represented by the earthquake catalogue
CENEC for Europe north of 44°N (Griinthal et al. 2009a). This paper describes in detail how
this homogeneous data file in terms of moment magnitudes M,, (with M,, = 3.5) has been
derived. The degree of harmonization achieved in CENEC is quantitatively analysed in Griin-
thal etal. (2009b). The extension of CENEC to the south in connection with an update of
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Figure 1. SHARE study area.

Figure 2. The polygons in each of which one or more of the catalogues and data bases are valid. The EMEC
catalogue encompasses all polygons; CENEC covers the yellow-marked area.
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Figure 3. Epicentres of the seismicity data file CENEC and EMEC respectively used for this study in terms of
M,, The envelope within which the data are displayed follows from the outer border of the small scale seismic
source zone model (cf. Fig. 5) and from the large scale zone model (cf. Fig. 7).

CENEC is represented by the Euro-Med earthquake catalogue EMEC, which is briefly dis-
cussed in Griinthal & Wahlstrém (2009). CENEC stands for CEntral, Northern and northwes-
tern European earthquake Catalogue and EMEC for Euro-Mediterranean Earthquake Cata-
logue.

Figure 2 shows the areal polygons used for CENEC and EMEC. EMEC follows the same
principles as used in CENEC. The lower threshold magnitude in the southern part of EMEC;
i.e. south of the CENEC area, varies between M,, = 3.5 to M,, = 4.5. We make use of the stage
of the project as per in November 2009 for preparing the harmonized seismicity data file.
Figure 3 shows the appropriate map of epicentres in terms of harmonized M,, for the Euro-
Med region sensu lato according to the interim file as described. A corresponding paper
which characterizes the catalogue works in detail is under way. It will refer to the publicly
available seismicity data file.

3. The SESAME seismic source zone model and its modification

According to the task for this study the basic seismic source zone (SSZ) model was that
of SESAME (Jiménez et al. 2003), which is shown in Figure 4. For the study area of SHARE
(Figure 1) the eastern and southeastern parts of the original SESAME SSZ model do not
need to be considered here. This affects the SSZs for the area of Crimea, the western
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Figure 4. The SESAME seismic source zone (SSZ) model with 463 source zones (J/iménez et al. 2003).

Caucasus, the Near East, Libya and Egypt. On the other hand, the model had to be extended
in the most western parts of the Eurasian plate, namely with respect to Iceland, and parts
of the North Atlantic ridge SW and NE of Iceland. The resulting SSZ model of small scale
zones for this study is shown in Figure 5a. Details of the SSZ model with the names of each
zone are depicted in Figures 5b-k. The SESAME zonation for intermediate and deep seis-
micity was not modified in the current model. These are the seven ones along the Hellenic
arc (Figure 5k) and the one zone for Vrancea. The entire SSZ model consists of 435 single
source zones. Basically the SESAME SSZ model reflect national approaches. With respect to
more details reference is given to Jiménez et al. (2003) or to the national studies respec-
tively. It is not the subject of this study to retrieve and describe the justifications for distin-
guishing between different source zones.

Several large continuous areas in Figure 4, containing the western and eastern Mediter-
ranean, the Adriatic Sea and the Po plain, were not covered with any SSZ in the initial SES-
AME model. In order to construct a model which does not include “holes”, new SSZs were
introduced for those areas, which are by no means aseismic.

In the Hellenic Arc the seismicity for shallow SSZs is used down to a depth of 60 km and
that for deeper SSZs below 60 km. For other parts of the Mediterranean events deeper than
50 km have a minor influence on the seismic hazard and were thus excluded from analysis.
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Figure 5a. The small scale seismic source zone (SSZ) model of this study. For details and the labelling of the
source zones see the detailed maps (Figs. 5b-k).
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Figure 5c. Detailed SSZ model and labelling for Iceland and part of the North Atlantic Ridge.
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Figure 5e. Detailed SSZ model and labelling for SE Central Europe and N Balkan.
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Figure 5f. Detailed SSZ model and labelling for W Europe.
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Figure 5g. Detailed SSZ model and labelling for SW Europe and Maghreb.
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Figure 5h. Detailed SSZ model and labelling for Tunisia.

45° 1 - 45°

40° A - 40°

10° 15°

Figure 5i. Detailed SSZ model and labelling for Italy and NW Balkan.
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Figure 5j. Detailed SSZ model and labelling for S Balkan, E Mediterranean, W and central Turkey.

Figure 5k. Intermediate depth SSZ model for the Aegean arc.
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4. The seismicity parameters of the source zones

4.1 Seismicity data pre-processing

The seismicity data pre-processing consists of two steps: Firstly, the declustering, i.e. the
removal of foreshocks and aftershocks, and secondly, the analysis of data completeness
with time.

The declustering applied here follows the robust and rigorous method by Griinthal from
1985, which was extended to apply to larger magnitudes, as described by Burkhard & Grtin-
thal (2009) and Griinthal et al. (2009a). Although originally developed for central European
conditions, the method proved to be equally applicable for a study for the Levant (Griinthal
et al. 2009b) and it will be used here as well. The effect of declustering is illustrated in Fig-
ure 6. While the effect of declustering is indeed drastical up to M,, = 5.0, it is negligible for
M,, = 6.0.

The analysis of magnitude-dependent data completeness with time follows the standard
methodology we successfully applied for more than 20 years. Since this approach has fre-
quently been described in previous publications (e.g. Burkhard & Griinthal 2009 or Suckale &
Griinthal 2009) we can be brief here. Basically, a magnitude bin is considered complete for the
years in which a constant slope can be fitted to the cumulative number of earthquakes. The
application of this approach to the entire Euro-Med study region requires first of all the differ-
entiation into sub-regions with their characteristic seismicity features. This delineation into
large scale zones for the purpose of (1) completeness analysis and (2) common-b areas (Sec-
tion 4.2) is shown in Figure 7. Table 1 provides the full names of these sub-regions with their
abbreviations used in Figure 1. The temporal completeness for each magnitude class in each of
the sub-regions is given in Table 2.

10000

I all events
8000 - [ main shocks

6000

4000 +

number of events

2000 -

4 5 6 7

Figure 6. Effect of declustering of the used data set study. The number of events per magnitude class for the
non-declustered data is shown by red columns and for the declustered data by green columns.
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Table 1. Large scale zones as shown in Fig. 7 for completeness analysis and applied as common-b zones as
well (Section 4.2).

short form | full name short form | full name

A Austria Hu Hungary

Al Albania Ib Iberian Peninsula

Apn Apennines Is Iceland

BBS Baltic Republics and Baltic Shield Mag Maghreb

Bg Bulgaria NA Northern Atlantic

BI British Islands NWB North and Western Balkan

BNL BeNeLux PP Po plain

BS-N Baltic Shield North Pyr Pyrenees

BS-SW Baltic Shield South-West Ro-C Romania crustal

CH Switzerland Ro-D Romania deep

CVG NEA | Central and Viking graben SAC Southern Apennines and Calabria
and NE Atlantic Sic Sicily

Cyp Cyprus Sk/Pl/Cz Slovakia / Poland / Czech Republic

D-C Central Germany Tr-E Turkey East

D-S Southern and Western Germany Tr-W Turkey West

F France WM Western Mediterranean Sea

Gr Greece

Figure 7. The large scale zone model developed for the determination of data completeness with time and for
the use as common-b area in case of seismic source zones with scarce seismicity data.
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Table 2. The temporal completeness for each magnitude class in each of the sub-regions

given in Tab. 1 and Fig. 7.

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
A 1895 | 1850 | 1800 | 1760 | 1550 | 1400 | 1400
Al 1980 | 1970 | 1963 | 1920 | 1855 | 1830 | 1700
Apn 1950 | 1875 | 1780 | 1400 | 1400 | 1000
BBS 1955 | 1890 | 1890 | 1850 | 1800 | 1800
Bg 1930 | 1900 | 1900 | 1900 | 1900 | 1800 | 1700 | 1700
BI 1970 | 1875 | 1865 | 1840
BNL 1925 | 1890 | 1860 | 1860 | 1300 | 1300
BS-N 1963 | 1880 | 1880 | 1800 | 1800 | 1800
BS-SW 1970 | 1880 | 1880 | 1800 | 1700
CH 1880 | 1860 | 1825 | 1770 | 1650 | 1575 | 1250 | 1250
CVGNEA | 1981 | 1955 | 1950 | 1900 | 1860 | 1850
Cyp 1983 | 1964 | 1920 | 1900 | 1900 | 1000 | 800 | 800 | 800
D-C 1850 | 1675 | 1500 | 1300 | 1300 | 1300
D-S 1925 | 1875 | 1870 | 1820 | 1600 | 1500 | 1500 | 1250
F 1930 | 1925 | 1925 | 1800 | 1650
Gr 1963 | 1963 | 1910 | 1910 | 1700 | 1500 | 1500 | 1400
Hu 1860 | 1840 | 1800 | 1800 | 1700 | 1700
Ib 1950 | 1950 | 1950 | 1950 | 1820 | 1750 | 1650 | 1350 | 1350
Is 1990 | 1955 | 1955 | 1920 | 1920 | 1870 | 1730
Mag 1950 | 1950 | 1920 | 1920 | 1870 | 1700 | 1700 | 1700
NA 1990 | 1975 | 1975 | 1920 | 1900 | 1900 | 1900
PP 1900 | 1875 | 1780 | 1400 | 1400 | 1000
Pyr 1970 | 1920 | 1860 | 1850 | 1850 | 1350 | 1350
Ro-C 1970 | 1890 | 1890 | 1890 | 1750 | 1700 | 1500 | 1500 | 1500
Ro-D 1990 | 1990 | 1990 | 1950 | 1925 | 1900 | 1775 | 1500 | 1100
SAC 1900 | 1840 | 1820 | 1750 | 1550 | 1550
Sic 1960 | 1910 | 1910 | 1750 | 350 | 350
Sk/P1/Cz | 1920 | 1920 | 1850 | 1760 | 1750 | 1750
Tr-E 1995 | 1963 | 1950 | 1900 | 1900 | 1800 | 1800 | 1800 | 1200
Tr-W 1975 | 1970 | 1960 | 1900 | 1900 | 1600 | 1600 | 1200 | 1200
WM 1975 | 1900 | 1900 | 1900
NWB 1900 | 1900 | 1900 | 1840 | 1840 | 1840 | 1280 | 1280

4.2 The frequency-magnitude parameters

A SSZ is described, additional to its geometry, by three seismic activity parameters:
- v,: the average yearly rate of events above or equal to a minimum magnitude m,,

- b, B:the negative slope of the logarithm of the yearly rate depending on the magnitude,

My the maximum expected magnitude.

The non-cumulative frequency-magnitude relation N(m) is in its classical form defined
as the Gutenberg-Richter relation (Gutenberg & Richter 1954)

logN(m) =a—bm.
In exponential form the non-cumulative rate v reads

Vpe(m) = exp(a — pm) = 10472™
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This relation holds within the magnitude range m < my,,,. exp(«) is the value of v, at
m = 0. The cumulative yearly frequency v(m) under consideration of my and m,,,, is

exp[f * (Mg —m)] — 1
° exp[lg * (mmax - mo)] -1

v(m) =v My <M < Mypay (3)

with 8 = b - [n(10).

The parameters v, and b (respective ) have been determined with the maximum-
likelihood estimation after Weichert (1980). The calculation of these parameters was no
straightforward undertaking in areas of low seismic activity. This difficulty arose due to the
combination of the small areal extent of many SSZs with the given lower magnitude thresh-
olds of the data file. In cases where the number of data within an SSZ is not sufficient for a
meaningful calculation of the frequency-magnitude parameter (less than 50 events), the b-
value of an appropriate large scale zone is adopted for the respective SSZ. The respective v,-
value is then determined by the best fit to the data in that particular small scale SSZ. The
large scale zones used for assigning b-values to SSZs with too small amount of data are either
the large scale zones shown in Figure 7 or even a combination of them. It proved to be neces-
sary to introduce two of such combinations: BBS+D-C+Sk/P1/Cz and BI+BNL+CVG NEA. The
cases where b stems from a common-b zone are marked by an asterisk at the respective val-
ues in Table 3. This table summarizes the values for all parameters derived for each SSZ: b,
the cumulative annual rate at M,, = 3.8, the focal depth, and the upper bound magnitude. A
detailed picture of the locations of the SSZs in Table 3 is given with the Figures 5b-k. Fig-
ures 8-14 show examples of cumulative frequency-magnitude graphs for SSZs: three for
Greece, and one each for Turkey, Vrancea, NW Balkan, and Italy. Figures 15 and 16 represent
the cumulative frequency-magnitude for two large scale zones for Italy.

There exist SSZs which remain “empty”. They have been divided into two groups: (1)
SSZs without any event above the threshold magnitude of the catalogued data and (2) SSZs
containing events from the used catalogue, but without events of the complete part of the
catalogue.

The SSZs of the first group are: BNL0OO, BS-SW00, CVG NEAO5, CVG NEAO7, D-C00, D-
C03, D-S11, D-S23, Mag28, Mag31, and Sk/P1/Cz04. No parameters could be assigned to
them. The second group of SSZs covers catalogued seismicity, but the SSZs are represented
by seismic events which occurred before the respective magnitude-dependent catalogue-
completeness times. For such zones a conservative approach in calibrating the associated
v-value was applied. The respective cumulative frequency-magnitude relation with the b-
value adopted from the common-b area has been calibrated with respect to the corre-
sponding v-value at the lower bound of the appropriate magnitude class being the recipro-
cal of its completeness time. It has always been chosen for the respective magnitude com-
pleteness class which yields the smallest value of v,,.
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relative frequency [p.a.]

relative frequency [p.a.]

relative frequency [p.a.]

18

10°

Figure 8. Frequency-magnitude relation for
the SSZ Gr09 (Greece). The b-value with its
standard deviation is 0.833 # 0.055. The fre-
quency rate v(M,, = 4.25) is 1.732. The green
line marks the threshold in M,, for calculating v
and b.

Figure 9. Frequency-magnitude relation for
the SSZ Gr14 (Greece).
b =0.863 £ 0.078,v(M,, = 4.25) = 0.941.

Figure 10. Frequency-magnitude relation for
the SSZ Gr51 (Greece).
b =1.228 £ 0.063, v(M,, = 4.25) = 4.462.
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relative frequency [p.a.]

relative frequency [p.a.]

relative frequency [p.a.]

Figure 11. Frequency-magnitude relation for
the SSZ NWBO01 (NW Balkan).
b =0.819 £ 0.072,v(M,, = 3.75) = 0.638.

Figure 12. Frequency-magnitude relation for
the SSZ Tr_EO01 (central Turkey).
b = 0.958 + 0.038,v(M,, = 3.75) = 12.456.

Figure 13. Frequency-magnitude relation for
the intermediate depth SSZ Ro-D00 (Romania
deep).

b = 0.657 £+ 0.092, v(M,, = 5.75) = 0.215.
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Figure 14. Frequency-magnitude relation for
the SSZ SAC14.
b = 1.449 + 0.173,v(M,, = 4.75) = 0.338.

Figure 15. Frequency-magnitude relation for
the large scale zone Apn.
b = 1.543 £ 0.062,v(M,, = 4.75) = 2.084.

Figure 16. Frequency-magnitude relation for
the large scale zone Sic.
b = 1.346 + 0.100, v(M,, = 4.75) = 0.468.
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The b-values are in the range from 0.66 to 1.68 with a mean b = 1.05 for the shallow
zones. For intermediate depth SZ the range in b is from 0.66 to 0.8 with a mean of 0.78. The
highest b-values of 1.54 and 1.68 are observed within the two large zone areas of Italy, Apn
(Apennines) and PP (Po plain). These high b-values of especially northern Italy are also
found by Gulia & Meletti (2008). Three different examples of b-values are shown in Figures
14-16, two from large scale zones (Apn, Sic - Sicily) and one from SSZs (SAC14 belonging to
the large scale zone Southern Apennines and Calabria), having b-values larger than 1.3. All
show a fairly good fit to the frequency-magnitude relation.

4.3 The maximum expected magnitude My,

The aim in the present study for determining m,,,, has been to achieve a homogenous es-
timate of this parameter throughout the area if possible. From previous studies there are
known several approaches for determining m,,,,. In the north, in the stable continental
regions, the m,,,, determination (e.g., see NORSAR & NGI 1998, Wahlistrém & Griinthal
2001, Griinthal & Wahlstrém 2006, Burkhard & Griinthal 2009) has often been based on an
EPRI type methodology (Coppersmith 1994, Cornell 1994) which is applicable to stable con-
tinental crust, subdivided into non-extended and extended. The EPRI method replaces
temporal limitations of the earthquake record in seismically less active stable continental
regions by space in form of global prior distribution functions of maximum observed mag-
nitudes specified for the mentioned crustal types.

The determination of m,,,, along active plate boundaries as in the Mediterranean, has,
on the other hand, often been based on the assumption that given a sufficient long cata-
logue of observed events, the maximum magnitude earthquake should have occurred.
Thus, often m,,,,, has been set to the observed maximum magnitude (e.g., see Rebez & Sle-
jko 2004, Papiouannou & Papazachos 2000) or maximum observed magnitude plus a small
increment (e.g., see Slejko et al. 1998, Musson 1999) as well as statistical estimates from,
e.g., the Kijko & Graham (1998) method (e.g., Rebez & Slejko 2004).

For the north the minimum m,,,, given in the studies of Musson & Sargeant (2007),
Wahlstrém & Griinthal (2001), Norsar & NGI (1998), is M,, = 5.5, 5.4 and 6.0, respectively.
Thus, a realistic minimum of the m,,,, for this region is about 5.5. It was judged that such
an event, though not of high probability could occur anywhere within this region.

In the last official Italian earthquake model ZS 9 (Meletti et al. 2008) the minimum value
for m,,,, was considered to be M = 5. This is, in contrast to the northern values, low. It was
deemed improbable that a smaller lowest m,,,, threshold for the more tectonically active
regions of the Mediterranean can occur. Therefore, a magnitude 5.5 as a pan-European
value for the minimum value of m,,,, was assumed.

Taking the above estimates into consideration there was adopted the approach of deriv-
ing m,,,,, by adding an increment of 0.3 to the magnitude of the largest observed earth-
quake in a SSZ. If this maximum observed magnitude then was lower than 5.2, m,,,, was
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set to 5.5. In SSZs along the Hellenic Arc, Gr33, Gr44, Gr49, Gr50, Gr53, it was assumed that
the observed maximum magnitude of 8.3 along the arc is valid. No increment was added for
these zones. In the large source zones of the background seismicity type with very scarce
seismic activity (PP11, Apn14, Sic08 and WMO01, i.e. in the Po plain, the Adriatic Sea and
Western Mediterranean), the observed maximum magnitude was set as My, All My,
values are shown in Table 3.

4.4  The focal depth h

Initially, the average focal depth was determined for all SSZs. Here the average of the five
largest events in an SSZ was calculated. However, often erroneous or poorly constrained
depths made the results unreliable, since these events were not easily distinguished from
earthquakes with well constrained depths. Therefore, for all SSZs representing shallow
seismicity, a default value of 12 km was adopted as an average focal depth (Table 3).

For the intermediate and deeper SSZs in the Hellenic Arc, the depth of the seismic source
zones was set to 80 km or 130 km, corresponding to the average depth of the model of Pa-
paiouanniou & Papazachos (2000). The Romanian intermediate depth source zone Ro-D00
on the other hand, has more reliable depth estimations from seismicity and therefore the
average depth of events with M,, > 7.5 was used (Table 3).

Table 3. Frequency-magnitude parameter values in the seismic source zones (SSZ): The
Gutenberg-Richter b-value and the corresponding v at M,, = 3.8 - *indicates that the
corresponding data have been derived for a common-b zone - the adopted focal depth h,
and maximum expected magnitude m,, .

Title b v(3.8) [p.a.] h [km] Mypax
A00 0.9071* 0.004815* 12 5.5
A01 0.9071* 0.1214* 12 6.5
A02 0.9071* 0.02241* 12 5.5
A03 0.9071* 0.02408* 12 5.5
A04 0.9071* 0.02408* 12 5.5
A05 0.8202 0.2311 12 6.0
A06 0.9071* 0.0849* 12 5.9
A07 0.9071* 0.009631* 12 5.5
A08 0.9071* 0.06745* 12 5.6
AQ9 0.9071* 0.009347* 12 6.9
Al0O 0.8705* 1.132* 12 7.3
Al01 0.8705* 2.939* 12 7.0
Al02 0.9162 4.07 12 7.1
Al03 0.8705* 0.4564* 12 7.2
Al04 0.8705* 0.5664* 12 6.6
Apn00 1.543* 2.067* 12 6.1
Apn01 1.543* 3.194* 12 6.1
Apn02 1.543* 0.954* 12 5.8
Apn03 1.543* 1.326* 12 5.9
Apn04 1.543* 3.169* 12 6.2
Apn05 1.543* 2.939* 12 6.8
Apn06 1.543* 1.473* 12 5.6
Apn07 1.543* 1.11* 12 6.3
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Table 3. continued

Title b v(3.8) [p.a] h [km] Mypax
Apn08 1.543* 3.186* 12 6.2
Apn09 1.543* 0.3484* 12 5.5
Apn10 1.543* 0.1394* 12 5.5
Apnil 1.543* 1.107* 12 6.6
Apn12 1.543* 3.86 12 6.1
Apn13 1.543* 1.879* 12 6.1
Apnl4 1.543* 5.353* 12 6.5
Apn15 1.543* 1.134* 12 6.6
Apnl6 1.543* 2.02* 12 6.9
Apnl7 1.543* 3.135* 12 6.7
Apn18 1.543* 8.264* 12 7.0
Apn19 1.543* 2.214* 12 6.6
Apn20 1.543* 1.837* 12 6.9
Apn21 1.543* 1.687* 12 6.2
Apn22 1.543* 0.43* 12 55
Apn23 1.543* 1.836* 12 7.0
Apn24 1.543* 1.037* 12 5.7
Apn25 1.543* 1.651* 12 7.3
Apn26 1.543* 1.836* 12 7.1
Apn27 1.543* 3.122* 12 6.9
Apn28 1.543* 1.717* 12 5.8
Apn29 1.543* 0.3789* 12 5.9
Apn30 1.543* 0.5684* 12 5.9
BBS00 0.8321* 0.03595* 12 55
BBSO01 0.8321* 0.02876* 12 5.5
BBS02 0.8321* 0.05* 12 6.0
Bg00 0.7021* 0.08894* 12 6.9
Bg01 0.7021* 0.1881* 12 7.4
Bg02 0.7021* 0.1561* 12 6.8
Bg03 0.7021* 0.1738* 12 6.1
Bg04 0.7021* 0.07575* 12 55
Bg05 0.7021* 0.1773* 12 7.4
Bg06 0.8502 0.4304 12 7.5
BIOO 1.098* 0.09288* 12 55
BIO1 1.098* 0.007813* 12 55
BI02 1.098* 0.006634* 12 55
BI03 1.098* 0.06662* 12 55
BI04 1.098* 0.01327* 12 55
BIOS 1.098* 0.01991* 12 6.2
BI06 1.098* 0.08882* 12 5.5
BIO7 1.098* 0.07857* 12 5.5
BIOS 1.098* 0.2443* 12 5.5
BI09 1.098* 0.04441* 12 5.5
BI10 1.098* 0.01327* 12 5.5
BNLO1 1.098* 0.01266* 12 5.8
BNLO2 1.098* 0.08228* 12 6.2
BNLO3 1.098* 0.159* 12 5.5
BS-N0OO 1.155* 0.006612* 12 5.5
BS-NO1 1.155* 0.006612* 12 55
BS-N02 1.155* 0.0231* 12 5.5
BS-N03 1.155* 0.006612* 12 5.5
BS-N04 1.155* 0.1155* 12 55
BS-NO5 1.155* 0.01322* 12 5.5
BS-N06 1.155* 0.03306* 12 55
BS-N07 1.155* 0.02645* 12 55
BS-SW01 1.086 0.3465 12 55
BS-SW02 1.155* 0.02618* 12 55
BS-SW03 1.155* 0.006544* 12 55
BS-SW04 1.155* 0.03929* 12 5.7
BS-SWO05 1.155* 0.144* 12 55
BS-SW06 1.155* 0.01963* 12 5.5
BS-SW07 1.155* 0.006544* 12 5.5
BS-SW08 1.155* 0.007091* 12 5.5

Scientific Technical Report STR 10/04

Deutsches GeoForschungsZentrum GFZ

DOI: 10.2312/GFZ.b103-10043

23



G. Griinthal, R. Arvidsson, Ch. Bosse

Table 3. continued

Title b v(3.8) [p.a.] h [km] Moy
BS-SW09 1.155* 0.1178* 12 5.5
BS-SW10 1.155* 0.01304* 12 5.9
BS-SW11 1.155* 0.01309* 12 5.5
CHOO 0.8364* 0.04068* 12 7.2
CHO1 0.8364* 0.02118* 12 5.7
CHO2 0.8364* 0.06973* 12 5.7
CHO3 0.8364* 0.1558* 12 5.9
CHO4 0.8364* 0.04765* 12 5.7
CHO5 0.8364* 0.07269* 12 5.8
CHO6 0.8364* 0.05114* 12 6.5
CHO7 0.8364* 0.1005* 12 5.5
CHO8 0.8364* 0.07117* 12 6.8
CHO09 0.8364* 0.1066* 12 5.5
CH10 0.8364* 0.03117* 12 6.0
CH11 0.8364* 0.03173* 12 5.5
CH12 0.8364* 0.04455* 12 5.8
CH13 0.8364* 0.01058* 12 5.5
CH14 0.8364* 0.2092* 12 6.7
CH15 0.8364* 0.1023* 12 6.7
CH16 0.8364* 0.002935* 12 5.5
CH17 0.8364* 0.06313* 12 6.7
CH18 0.8364* 0.04736* 12 5.5
CVG NEAOO 1.098* 0.1511* 12 6.4
CVG NEAO1 1.098* 0.01076* 12 5.5
CVG NEAO2 1.098* 0.4239* 12 6.1
CVG NEAO3 1.098* 0.1769* 12 5.5
CVG NEAO4 1.098* 0.1757* 12 5.6
CVG NEAO6 1.098* 0.2196* 12 5.6
Cyp00 0.9488* 1.378* 12 7.3
Cyp01 0.9488* 0.5321* 12 5.6
D-CO01 0.8321* 0.006507* 12 5.5
D-C02 0.8321* 0.004338* 12 5.5
D-C04 0.8321* 0.004338* 12 5.5
D-C05 0.8321* 0.008771* 12 5.5
D-C06 0.8321* 0.01084* 12 5.5
D-C07 0.8321* 0.002169* 12 5.5
D-C08 0.8321* 0.004338* 12 5.5
D-C09 0.8321* 0.008676* 12 5.5
D-C10 0.8321* 0.004338* 12 5.5
D-C11 0.8321* 0.01301* 12 5.5
D-C12 0.8321* 0.002169* 12 5.5
D-C13 0.8321* 0.008771* 12 5.5
D-S00 0.9233* 0.03072* 12 5.6
D-S01 0.9233* 0.004088* 12 5.5
D-S02 0.9233* 0.1486* 12 6.2
D-S03 0.9233* 0.03764* 12 5.5
D-S04 0.9233* 0.07771* 12 6.4
D-S05 0.9233* 0.01586* 12 5.5
D-S06 0.9233* 0.01369* 12 5.8
D-S07 0.9233* 0.02456* 12 5.5
D-S08 0.9233* 0.004088* 12 5.5
D-S09 0.9233* 0.004088* 12 5.5
D-S10 0.9233* 0.05427* 12 5.8
D-S12 0.9233* 0.01228* 12 5.5
D-S13 0.9233* 0.0307* 12 5.5
D-S14 0.9233* 0.004088* 12 5.5
D-S15 0.9233* 0.004088* 12 5.5
D-S16 0.9233* 0.1427* 12 5.5
D-S17 0.9233* 0.03171* 12 5.5
D-S18 0.9233* 0.1399* 12 6.0
D-S19 0.9233* 0.004088* 12 5.5
D-S20 0.9233* 0.01229* 12 5.7
D-S21 0.9233* 0.004088* 12 5.5
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Table 3. continued

Title b v(3.8) [p.a] h [km] Mypax
D-S22 0.9233* 0.02456* 12 55
D-S24 0.9233* 0.03073* 12 5.7
FOO 1.427* 0.1076* 12 5.5
FO1 1.427* 0.2056* 12 5.5
F02 1.427* 0.08224* 12 5.5
F03 1.427* 0.002572* 12 5.5
F04 1.427* 0.04112* 12 5.5
FO5 1.427* 0.002572* 12 5.5
F06 1.427* 0.08224* 12 5.5
FO7 1.427* 0.4086* 12 5.7
FO8 1.427* 0.1234* 12 55
F09 1.427* 0.2467* 12 55
F10 1.427* 0.04112* 12 55
F11 1.427* 0.04112* 12 55
F12 1.427* 0.02979* 12 55
F13 1.427* 0.08224* 12 55
F14 1.427* 0.01986* 12 55
F15 1.427* 0.08224* 12 55
F16 1.427* 0.1645* 12 55
F17 1.427* 0.2868* 12 5.6
F18 1.427* 1.165* 12 6.6
F19 1.427* 0.2043* 12 5.7
F20 1.427* 0.08224* 12 5.5
F21 1.427* 0.24* 12 6.3
Groo 0.9191* 0.3221* 12 7.2
Gro1 0.9191* 1.307* 12 7.0
Gr02 0.9191* 0.5246* 12 7.6
Gro3 0.9191* 0.2605* 12 6.3
Gro4 0.9191* 1.367* 12 7.3
Gro5 0.9191* 2.038* 12 7.6
Gro6 0.9191* 1.228* 12 7.8
Gro7 0.9191* 1.157* 12 6.9
Gro8 0.9191* 0.5705* 12 6.7
Gro9 0.833 4113 12 7.3
Gr10 0.9191* 3.048* 12 7.3
Gril 0.9191* 1.293* 12 7.5
Gri2 0.9191* 0.7958* 12 7.3
Gri3 0.9191* 0.7045* 12 6.8
Grl4 0.8625 2.303 12 7.4
Gri5 0.9191* 0.9947* 12 7.3
Grl6 0.9191* 0.8452* 12 7.5
Grl7 0.9191* 0.7487* 12 5.7
Gr18 0.6724 1.92 12 7.7
Gr19 0.772 2.032 12 7.1
Gr20 0.9191* 0.8999* 12 6.9
Gr21 0.9191* 1.682* 12 7.3
Gr22 0.9191* 1.293* 12 7.3
Gr23 0.9191* 1.375* 12 7.3
Gr24 0.9191* 0.8547* 12 7.0
Gr25 0.7991* 0.5747* 80 7.1
Gr26 0.9191* 1.442* 12 7.3
Gr27 0.9191* 0.3112* 12 6.7
Gr28 0.9191* 0.347* 12 6.6
Gr29 1.089 3.732 12 7.3
Gr30 0.9191* 1.541* 12 7.5
Gr31 0.9191* 0.7545* 12 6.9
Gr32 0.7991* 0.3053* 130 6.3
Gr33 0.9191* 2.524* 12 8.3
Gr34 0.9191* 0.5471* 12 7.3
Gr35 0.9191* 1.505* 12 7.1
Gr36 0.9191* 0.9947* 12 7.3
Gr37 0.9191* 1.375* 12 7.8
Gr38 0.7991* 0.6523* 130 7.4

Scientific Technical Report STR 10/04
Deutsches GeoForschungsZentrum GFZ
DOI: 10.2312/GFZ.b103-10043

25



G. Griinthal, R. Arvidsson, Ch. Bosse

Table 3. continued

Title b v(3.8) [p.a.] h [km] Moy
Gr39 0.7991* 0.2168* 80 7.7
Gr40 0.7991* 0.3822* 130 5.9
Gr41 1.069 12.79 12 8.3
Gr42 0.9191* 1.155%* 12 7.5
Gr43 0.7991* 0.7505* 80 6.7
Gr44 0.9191* 1.515* 12 8.3
Gra5 0.9191* 0.7859* 12 8.1
Gr46 0.9191* 2.892* 12 6.6
Gr47 0.9457 3.289 12 8.1
Gr48 0.7991* 0.7796* 80 7.2
Gr49 0.9191* 1.616* 12 8.3
Gr50 0.9191* 1.515* 12 8.3
Gr51 1.228 15.93 12 6.8
Gr52 0.9191* 3.007* 12 6.6
Gr53 0.9191* 2.928* 12 8.3
Gr54 0.9191* 2.943* 12 7.3
Gr55 0.9191* 2.802* 12 6.4
Hu00 0.7048* 0.0943* 12 6.0
Hu01 0.7048* 0.01933* 12 5.6
Hu02 0.7048* 0.1247* 12 6.1
Hu03 0.7048* 0.004833* 12 5.6
Hu04 0.7048* 0.004829* 12 5.5
HuO05 0.7048* 0.02864* 12 5.8
Hu06 0.7048* 0.002893* 12 5.5
Hu07 0.7048* 0.03015* 12 5.6
Hu08 0.7048* 0.002893* 12 5.5
Hu09 0.7048* 0.009658* 12 5.5
Hu1l0 0.7048* 0.07456* 12 5.6
Hull 0.7048* 0.05312* 12 5.5
Hul2 0.7048* 0.01017* 12 5.5
Hul3 0.7048* 0.009658* 12 5.5
Hul4 0.7048* 0.002893* 12 5.6
Hul5 0.7048* 0.002893* 12 5.6
Hul6 0.7048* 0.05696* 12 6.8
Hul7 0.7048* 0.02035* 12 5.5
Hul8 0.7048* 0.2163* 12 5.9
1b00 0.8544* 0.04566* 12 5.5
Ib01 0.8544* 0.09683* 12 5.6
1b02 0.8544* 0.04711* 12 5.8
1b03 0.8544* 0.06288* 12 6.2
1b04 0.8544* 0.06286* 12 6.0
Ib05 0.8544* 0.5696* 12 6.2
Ib06 0.8544* 0.129* 12 5.5
Ib07 0.8544* 0.2441* 12 6.2
b08 0.8544* 0.01786* 12 5.5
Ib09 0.8544* 0.2518* 12 7.2
Ib10 0.8544* 0.1689* 12 6.8
Ib11 0.8544* 0.1863* 12 7.4
Ib12 0.8544* 0.1075* 12 6.9
Ib13 0.8544* 0.5036* 12 7.2
Ib14 0.8544* 0.5924* 12 6.8
Ib15 0.8544* 0.1515* 12 7.2
Ibl6 0.8544* 0.04606* 12 7.1
Ib17 0.8544* 0.1228* 12 7.0
1b18 0.8544* 0.1826* 12 5.5
Ib19 0.8544* 1.321* 12 6.6
1b20 0.8544* 0.8708* 12 8.8
Ib21 0.8544* 0.9099* 12 7.0
Is00 1.072* 6.995* 12 7.4
Is01 1.072* 0.4873* 12 6.0
1s02 1.072* 5.436* 12 6.1
Is03 1.072* 0.1158* 12 5.5
Is04 1.072* 1.239* 12 6.0
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Table 3. continued

Title b v(3.8) [p.a] h [km] Mypax
1s05 1.072* 0.9746* 12 6.0
1506 1.072* 0.2895* 12 5.5
1507 1.072* 2.484* 12 5.7
1s08 1.072* 7.483* 12 7.4
1509 1.072* 2.263* 12 6.2
Mag00 1.114* 0.1022* 12 5.5
Mag01 1.114* 0.4904* 12 7.3
Mag02 1.114* 0.795* 12 6.1
Mag03 1.114* 2.513* 12 6.4
Mag04 1.114* 0.1537* 12 5.5
Mag05 1.114* 0.3074* 12 55
Mag06 1.114* 5.752* 12 7.6
Mag07 1.114* 0.1537* 12 55
Mag08 1.114* 0.9559* 12 7.6
Mag09 1.114* 5.675* 12 6.8
Magl0 1.114* 1.113* 12 7.2
Magl1 1.114* 0.6947* 12 5.7
Mag12 1.114* 0.1022* 12 5.5
Mag13 1.114* 0.265* 12 6.1
Magl4 1.114* 0.1345* 12 7.0
Magl5 1.114* 0.2044* 12 5.5
Magl6 1.114* 0.3074* 12 55
Magl7 1.114* 0.2242* 12 7.0
Magl8 1.114* 0.1537* 12 5.5
Mag19 1.114* 0.433* 12 6.7
Mag20 1.114* 1.724* 12 7.0
Mag21 1.114* 0.03008* 12 6.1
Mag22 1.114* 1.757* 12 5.9
Mag23 1.114* 0.1537* 12 5.5
Mag24 1.114* 0.3074* 12 55
Mag25 1.114* 0.9275* 12 6.1
Mag26 1.114* 0.2044* 12 55
Mag27 1.114* 0.1022* 12 55
Mag29 1.114* 0.7685* 12 55
Mag30 1.097 4.585 12 7.3
Mag32 1.114* 0.01786* 12 55
Mag33 1.114* 0.4309* 12 7.0
Mag34 1.114* 0.1537* 12 55
Mag35 1.114* 0.2946* 12 6.1
Mag36 1.114* 0.3927* 12 5.5
Mag37 1.114* 0.03023* 12 5.7
Mag38 1.114* 0.0449* 12 6.7
NA0O 1.349 49.78 12 7.3
NWB00 0.8397* 0.1015* 12 6.8
NWB01 0.8189 0.5802 12 6.8
NWB02 0.8397* 0.05073* 12 6.8
NWB03 0.8397* 0.1348* 12 5.6
NWB04 0.8397* 0.372* 12 6.8
NWBO05 0.8397* 0.2018* 12 6.8
NWB06 0.8397* 0.2417* 12 6.0
NWB07 0.8397* 0.4766* 12 6.8
NWB08 0.8397* 0.07759* 12 55
NWB09 0.8397* 0.4397* 12 6.8
NWB10 0.9299 0.4478 12 6.8
NWB11 0.8397* 0.1196* 12 6.8
NWB12 0.8878 0.4526 12 6.8
NWB13 0.8397* 0.09729* 12 55
NWB14 0.8397* 0.2317* 12 6.8
NWB15 0.8397* 0.2861* 12 6.1
NWB16 0.8397* 0.2706* 12 6.8
NWB17 0.8397* 0.2198* 12 6.8
NWB18 0.8397* 0.1638* 12 5.7
NWB19 0.8397* 0.743* 12 7.0
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Table 3. continued

Title b v(3.8) [p.a] h [km] Mypax
PP0O 1.678* 0.2551* 12 55
PPO1 1.678* 8.423* 12 7.1
PP02 1.678* 6.404* 12 6.6
PPO3 1.678* 0.06505* 12 5.5
PP04 1.678* 1.531* 12 7.2
PPO5 1.678* 4.085* 12 6.9
PP06 1.678* 2.598* 12 6.0
PPO7 1.678* 2.818* 12 6.4
PPO8 1.678* 1.153* 12 5.5
PP09 1.678* 1.532* 12 6.8
PP10 1.678* 0.102* 12 55
PP11 1.678* 3.408* 12 5.8
PP12 1.678* 1.818* 12 6.0
PP13 1.678* 1.039* 12 6.0
PP14 1.678* 0.2882* 12 55
PP15 1.678* 2.305* 12 55
PP16 1.678* 0.8645* 12 55
Pyr00 1.313* 0.4219* 12 6.4
Pyr01 1.313* 0.1887* 12 55
Pyr02 1.313* 0.2411* 12 6.4
Pyr03 1.313* 0.08607* 12 6.8
Ro-C00 0.6982* 0.1121* 12 6.5
Ro-CO1 0.6982* 0.1679* 12 7.1
Ro-C02 0.6982* 0.05104* 12 6.2
Ro-C03 0.6982* 0.03755* 12 5.5
Ro-C04 0.6982* 0.01458* 12 6.2
Ro-C05 0.6982* 0.06298* 12 7.0
Ro-C06 0.6982* 0.1189* 12 6.8
Ro-C07 0.6982* 0.0843* 12 5.5
Ro-C08 0.6982* 0.1216* 12 5.9
Ro-C09 0.6982* 0.09744* 12 7.5
Ro-C10 0.6982* 0.04957* 12 6.4
Ro-D00 0.6573 4.279 143 7.9
SAC00 1.011* 0.1411* 12 55
SACO1 1.011* 0.9601* 12 6.5
SAC02 1.011* 0.1521* 12 7.0
SAC03 1.011* 0.5413* 12 7.5
SAC04 1.011* 0.3966* 12 6.9
SACO5 1.011* 0.3713* 12 6.2
SAC06 1.011* 0.2527* 12 55
SAC07 1.011* 1.084* 12 7.3
SACO8 1.011* 0.06747* 12 5.9
SAC09 1.011* 0.4043* 12 6.5
SAC10 1.011* 0.7388* 12 7.3
SAC11 1.011* 0.2788* 12 5.8
SAC12 1.011* 0.239* 12 6.9
SAC13 1.011* 0.06572* 12 6.4
SAC14 1.449 8.036 12 7.4
SAC15 1.011* 0.3691* 12 7.2
SAC16 1.011* 0.2615* 12 7.2
SAC17 1.011* 0.1591* 12 6.2
Sic00 1.346* 2.335* 12 6.4
Sic01 1.346* 0.7597* 12 5.9
Sic02 1.346* 1.497* 12 6.6
Sic03 1.346* 1.121* 12 6.2
Sic04 1.346* 0.3343* 12 6.3
Sic05 1.346* 0.3948* 12 6.6
Sic06 1.346* 0.8081* 12 7.7
Sic07 1.346* 0.4876* 12 6.9
Sic08 1.346* 1.586* 12 5.9
Sk/P1/Cz00 0.8321* 0.02621* 12 5.5
Sk/P1/Cz01 0.8321* 0.00714* 12 5.5
Sk/P1/Cz02 0.8321* 0.02856* 12 55
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Table 3. continued

Title b v(3.8) [p.a.] h [km] Mynax
Sk/P1/Cz03 0.8321* 0.04941* 12 6.1
Sk/P1/Cz05 0.8321* 0.1737* 12 6.2
Sk/P1/Cz06 0.8321* 0.1249* 12 6.0
Sk/P1/Cz07 0.8321* 0.04284* 12 5.5
Sk/P1/Cz08 0.8321* 0.03932* 12 5.5
Tr-E00 0.6603 1.428 12 7.8
Tr-E01 0.9585 11.15 12 7.7
Tr-E02 0.9912 2.682 12 7.0
Tr-E03 0.8542 2.571 12 7.5
Tr-E04 0.9478 3.414 12 7.7
Tr-wW00 1.012* 3.672* 12 7.2
Tr-wo01 1.012* 2.909* 12 7.8
Tr-wo02 1.012* 2.269* 12 7.8
Tr-wW03 1.012* 2.606* 12 7.8
Tr-wo04 1.012* 1.524* 12 6.1
Tr-W05 1.264 8.651 12 7.4
Tr-Wo06 1.012* 1.642* 12 7.3
Tr-Wo07 1.012* 0.8981* 12 6.8
Tr-wo08 1.012* 2.068* 12 7.3
Tr-wW09 1.012* 2.371* 12 7.4
Tr-wW10 1.012* 6.131* 12 7.2
WMO00 1.231* 0.1571* 12 5.5
WMO01 1.231* 2.409* 12 5.6

5. The sanity check of the derived parameters in terms of a preliminary seismic ha-
zard map

The derived earthquake model has been applied for a probabilistic seismic hazard as-
sessment (PSHA) for the entire study area. The aim of this hazard calculation is basically to
perform a first rough sanity check and not to provide any final hazard map. This part of the
study is divided (1) in the selection of suitable ground motion prediction equations
(GMPESs) and (2) in suggested minor modifications in the source zone model in the Magh-
reb to get more reliable PSHA results due to modifications in the nowadays used seismicity
data.

It is not intended here to perform an extensive PSHA using logic trees and further re-
finements. This preliminary approach also does not make use of finite fault effects for
events with M, = 7. Since we want to compare our PSHA results with previous ones, which
are also not based on finite fault calculations, it was not part of the study.

(1) Selection of suitable GMPEs

The seismicity in the study area consists of mostly shallow crustal earthquakes and in
two subregions only a notably seismic activity occurs at intermediate depth. These are the
(a) Vrancea region in Romania which represents the last remnants of a subducted slab and
(b) the Hellenic arc or the Aegean subduction zone.

For the areas with shallow crustal seismicity, which represent the vast majority of SSZs,
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we apply the GMPE by Akkar & Bommer (2010). It constitutes the most recent GMPE based
on European, Mediterranean and Near East strong motion data.

For the two sub-areas with intermediate depth seismicity we apply different GMPEs.

(a) The Vrancea region with devastating M > 7 earthquakes in the past shows a very pe-
culiar anisotropic attenuation pattern of ground motion. It therefore requires the use of a
specific GMPE. Up to now the existing high quality ground motion data are too scarce to
establish a specific reliable relation. Therefore, the published GMPEs for this region com-
bine the few PGA or PGV data and/or wave field simulations with the pronounced aniso-
tropic attenuation of macroseismic intensity data observed from the large events of the last
century (Sokolov et al. 2008 and references therein). Here, the most recent M,, calibrated
intensity prediction equation from Sgrensen et al. (2010) together with an area-specific
linear regression relation between intensity and log(PGA) (Sgrensen et al. 2007) has been
used.

(b) The Atkinson & Boore (2003) GMPE for subduction zones was chosen for the Hellenic
arc intermediate depth zones. It is relatively recent and generally applicable to this type of
zones worldwide. This GMPE has also recently been applied by Weatherill & Burton (2010)
for the Hellenic arc. Only in-slab type events were considered in the calculations since the
subduction zone is only characterized in the SESAME model for intermediate depth events.
At these depths intraplate events occur (e.g. see Lay & Wallace 1995).

Since the Akkar & Bommer (2010) model uses the Joyner-Boore distance a distance me-
tric conversion procedure according to Scherbaum (2004) has been applied but in a form
which is more suitable for complex numerical procedures (Griinthal et al. 2009d). This
enables the introduction of the focal depths in the SSZs, which is crucial in the large low
seismicity areas within Europe. For reasons of comparison with previous maps a lower
magnitude threshold in the integration of M,, = 4.5 has been introduced. The aleatory un-
certainty in the GMPEs has been limited to + 2. All GMPEs were applied for rock site con-
ditions.

(2) Modification of SSZs in the Maghreb for better adjusting the modified seismicity data

The reason for introducing the minor modifications in the Maghreb are basically two SSZs
in the Atlas region of Morocco and Algeria (Mag31, Mag34), which where delineated original-
ly in SESAME to encompass areas of higher seismic activity than the surroundings show. Ac-
cording to the current seismicity data file these SSZs are either “empty” (Mag31) from any
seismicity now according to the applied magnitude threshold and completeness pattern or
show much lower activity rate than the surroundings (Mag34). This would result in some
kind of “holes” in the hazard map. In order to avoid this, both SSZs have simply been deleted
from the hazard analysis. Their areas were added to the surroundings of the source Mag30.

The resulting hazard map (Figure 17) is calculated with the modified FRISK88M soft-
ware (Risk Engineering Ltd. 1997) in terms of PGA to enable comparisons with previous
maps like the ones produced in the frame of GSHAP (Griinthal et al. 1999a, b) and with the
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Figure 17. Hazard map computed according to the seismic source zone data of table 3 using recent GMPEs
for the study area (Akkar & Bommer 2010; Atkinson & Boore 2003; Sgrensen et al. 2010).

SESAME map itself (Jiménez et al. 2003). The map very well reflects the spatial variation in
seismicity within the study area. It can be concluded that the underlying earthquake model
should be suitable for generalized applications.

Any comparison with the two previous European approaches in seismic hazard assess-
ment (GSHAP, SESAME") has to consider that the used GMPEs for calculating the three Eu-
ropean maps are completely different. Here, the calculations have been performed for rock
conditions, while the GSHAP and the SESAME results are given for stiff soil. Notwithstand-
ing the facts the new preliminary map is rather similar to the previous ones. In general,

* Note, the SESAME map could be compared qualitatively only.
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with some exceptions, the resulting PGA values are now slightly lower. Exceptions can be
seen in Vrancea, Central Anatolia and in the Maghreb area with higher PGA values in the
new map. The PGA calculated for the Iberian peninsula (except those for southern Spain)
steadily decrease from GSHAP to SESAME and finally in the new map.

6. Conclusions

In conclusion, this study presents a European earthquake model which, in a homoge-
nous way, treats all of Europe and the Maghreb with respect to catalogue completeness,
activity rates and m,,,,. The comprehensive model is basically built on the progress made
in homogeneous and harmonized earthquake cataloguing with the data files CENEC (Griin-
thal et al. 2009a) and EMEC (Griinthal & Wahlstrém 2009). This is the first earthquake
model released for Europe and the western Mediterranean. In comparison to the old but
never published SESAME model several background source zones have been introduced in
the Mediterranean area. Iceland and adjacent parts of the North Atlantic ridge have newly
constructed SSZs. The determination of depths for the SSZs was not a straightforward task
and, therefore, standard depths are used for the shallow sources and average values of
earthquake depths for the intermediate depth sources. According to a first sanity check in
form of an elementary seismic hazard calculation the derived earthquake model proved to
be suitable for generalized applications. In general, the here presented hazard is slightly
lower but reflects results from previous studies. Some areas with increased PGA, compared
to the SESAME model, can be observed in Vrancea, Central Anatolia and the Maghreb area.
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