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ABSTRACT
Web-based intensity ShakeMaps are reaching growing importance and acceptance if their particular
use and purpose are taken into consideration. The ShakeMaps provided by USGS use the Modified
Mercalli Scale (MMI). In general, data for Central Europe have to be transferred from MMI to the
European Macroseismic Scale (EMS-98). Within the paper, available macroseismic intensity data are
related to ground motions and observed damages in Germany. Basic tools and data layers for an
automatically ShakeMap procedure for Germany and adjacent areas are presented including specific
attenuations relationships and intensity correction factors. Test studies and examples related to a recent
earthquake (Waldkirch 2004) are used to show exemplarily, how the web-based intensity assignment
procedures can be applied to the moderate and low seismic areas of Central Europe. Due to the lack of
records, data of intensity and related ground motions are needed.

GENERAL PROCEDURE
The generation of macroseismic maps has a long tradition in engineering seismology. Especially in the
times before the instrumental measurements came up, they are the only information about the location
(epicentre) and the strength of an earthquake. Traditionally, questionnaires with the descriptions of
observable effects regarding objects, damage to buildings and the impact on humans were used to
determine the intensity (related to the used macroseismic scale) and to create on the basis of the
locations a map of shaking effects (shake map). They are the main source to estimate the magnitude of
an earthquake in pre-instrumental times (see Figure 1: section “Macroseismic Observations” and
“Traditional”). Nowadays, on the basis of such surveys and related ground motion prediction
equations (GMPE), these data are used to generate ShakeMaps automatically (Wald et al., 1999a,
1999b). The ground motion related procedure was developed for the high seismic region of California,
and later applied in other regions in the Central and Eastern United States. It is an efficient tool to get
a first idea about extent and severity of shaking in terms of ground motions and therefore instrumental
intensity assignments. The calculated intensity maps might provide the institutions responsible for
disaster management with decision criteria to organize rescue teams and technique in the most affected
regions where higher damage has to be expected. To create the ShakeMaps within minutes it is
necessary to have enough data (a dense mesh of instrumentation) and appropriate attenuation
relationships. These are the principle limits in case of low to moderate seismic regions like Germany.
Figure 1 displays approaches that can be implemented in Central Europe to come up with a
ShakeMap. In general, only a few strong motion recordings are available.
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Figure 1. ShakeMap generation procedures (Schwarz et al., 2006, 2008a; Beinersdorf, 2014)
Therefore, it is necessary to replace the missing input data (for fictive supporting points) by
appropriate functions. These functions can be attenuation relationships based on the physical decrease
of the wave energy (e.g. radial, elliptic – direction-dependent). To take into account the deep geology,
a site response analysis (SRA) can be performed on the basis of soil profiles or by using H/V spectral
ratios from noise measurements. The topography can also be considered by slope related modification
factors. Depending on the knowledge level and the density of points, combinations of these data can
be used to generate hybrid ShakeMaps. These maps can be used to assign Mean Damage Grade Dm
and the Mean Damage Ratio MDR on the basis of statistical data concerning the building stock
composition, vulnerability functions of building types, and assets (see Figure 2: section “Loss
assessment”, Schwarz et al. (2006, 2008a)).
Figure 3 is the outcome of the maximum observed damages of earthquakes with epicentral intensity
I0 ≥ VII (7.0) in Germany and refers to Part C of catalogue EKDAG (Schwarz et al., 2009). For all
earthquakes the maximum observed effects were filtered, concentrating on the combination of effects
on humans, effects on objects and nature, and damage to buildings.
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Figure 2. Usability of ShakeMaps for loss assessment (Schwarz et al., 2006, 2008a; Beinersdorf,
2014): radial scenario with ∆I (SRA) of 1978 Albstadt earthquake with intensity I0 = VII-VIII
The detailed explanation of the descriptors of the EMS-98 and the defined subdivision is documented
in detail by Schwarz et al. (2009). The transformation of the information of damage grades and
protective goals as well as the protection through the structural design of behavioural states, the following picture emerges, if the maximum shaking effects are only considered (Figure 3). The maximum observed damage grades DGmax,obs indicate that no destruction (damage grade D5) of residential
buildings according to EMS-principles (Grünthal et al., 1998) has been observed in the seismic zones
in Germany for these earthquakes (Beinersdorf et al., 2013).
In Part C of the earthquake catalogue EKDAG not only the maximum shaking effects are included, but also macroseismic points for the lower intensity ranges of these earthquakes. They are
presented in GIS-format for the main events. These observations and the digital macroseismic
database are plotted in Figure 4. By summarizing these macroseismic observations within small sized
raster elements, purely empirical intensity increments can be determined. The density of the geo-coded
points differs due to the seismicity in the target regions and the availability of macroseismic
observations. For study purposes, two test areas are considered (“Lower Rhine” and “Upper Rhine +
Swabian Alb”). Depending on the density of observations, a grid of different sized elements is
proposed (Figure 5) to examine the intensity increments ∆I. The influence of geology and topography
is surveyed as well. The number of observations within the grid elements can be taken from Figure 6.

Figure 3. Damage observations of strong
earthquakes (I0 ≥ VII) in Germany, Part C of the
earthquake catalogue EKDAG at residential
buildings (Beinersdorf et al., 2013) and referring
the damage description of EMS-98 (Grünthal et
al., 1998), see also Table 1

Figure 4. Macroseismic observations
from various sources ● with highlighted
observations with an intensity I ≥ VI (6.0) ●
of earthquakes acc. to the earthquake catalogue
EKDAG (Schwarz et al., 2014)

Figure 5. Basic grid for selected test areas to
score the macroseismic observations

Figure 6. Number of macroseismic observations
with available intensity per area (see Figure 5)

ALBSTADT EARTHQUAKE SEPT. 03, 1978
The Sept. 3, 1978 Albstadt earthquake with a magnitude ML = 5.7 is beside the April 13, 1992
Roermond earthquake (ML = 5.9) the last event that caused major damage in German EQ regions.
Figure 7 shows the macroseismic observations of this event for the state of Baden-Württemberg. The
maximum observed intensity of the earthquake acc. to recent catalogues is VII-VIII (EMS). Scenarios
based on the intensity attenuations in Figure 8a) to c) illustrate the variability of computed maps. They
are able to describe the epicentral area in shape and extension. The scenarios which take into account
the direction of the fault line (Figure 8b) or determined ∆-Intensities (∆I) based on site response
analysis (SRA) of elaborated soil profiles (Figure 8c) show the best reinterpretation of the observed
intensities. (Intensity corrections based on macroseismic observations are still under preparation.)
Figure 9 displays the variability of proposed intensity attenuation functions assuming different input
parameters (see Figure 1: section “Attenuation relationship”), the macroseismic data, and according to
the distance the clustered observation points (equivalent radii) with their average value, standard
deviation, and 95%-fractile of the macroseismic observations.
Location
Date
Time
Local magnitude
Moment magnitude
Focal depth
Intensity (EMS-98)
Radius of perceptibility
Rupture type
Strike / dip
Size of the fault plane
Dislocation

Albststadt
48.29° N / 9.03° E
03.09.1978
05:08 (UTC)
ML 5.7
MW 5.1
6.5 km
VII-VIII (7.5)
330 km
Strike-slip
N20°E / 75° NW
17.6 km²
0.1 m

Figure 7. Macroseismic observations with intensity map (EMS-98)
and further details of the Sep. 3, 1978 Albstadt earthquake (epicentre )
acc. to EKDAG Part C (Schwarz et al., 2014) and Hiller (1985, pp.9–10)
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a) Radial
b) Elliptic
c) ∆I (SRA)
Figure 8. Scenarios (Intensity EMS-98) of the Sep. 3, 1978 Albstadt earthquake (epicentre ) based
on the attenuation Sponheuer (1960) for the epicentral intensity I0 = VII-VIII
The epicentral intensity I0, the calculated epicentral intensity Ical,Spo with the attenuation relationship of
Sponheuer (1960), the macroseismic source with the maximum observed intensity I0,max = Iobs, and the
source with the maximum observed intensity with a assigned damage grade Iobs,DG are emphasized.
The relationships shown in Figure 9 (Sponheuer, 1960; Stromeyer, Grünthal, 2009), functional
relations of I=f (I0,α,R) respectively I=f (I0,R) with the hypocentral distance R, are suitable to predict
the epicentral intensity and the attenuation of the intensity for the dataset of the Albstadt earthquake.
The equation of Atkinson, Wald (2007), relation of I = f (MW,R), for the Central and Eastern U.S.
(CEUS) is tested as well. This attenuation with an effective focal depth heff of 17km underestimates the
epicentral intensity by more than one intensity degree. The attenuation of Ahorner, Rosenhauer (1986)
and Rosenhauer (1999), relations of I = f (ML,R), formerly used in the program PSSAEL (a tool for
Probabilistic Seismic Hazard Analysis using EQ Libraries), overestimates the epicentral intensity
slightly. A test with the effective focal depth heff of 17km acc. to the CEUS leads to a slight underprediction of the epicentral intensity. The intensity decrease predicted by the functions is comparable
to the clustered observation points.
In addition and based on the determined intensities, on the vulnerability of the building stock,
and the building stock density of community level, the Mean Damage Grade (Dm) and - for larger
events - the Mean Damage Ratio (MDR) can be calculated (Figure 10, Figure 11, see Figure 2,
Schwarz et al., 2006, 2008a). The result for the most affected municipality of the radial scenario with
∆I (Figure 8c) is Dm = 1.3 (Figure 10), and MDR = 3.9% (Figure 11) are comparable to the observed,
respectively, reported ones (Schwarz et al., 2006; Beinersdorf et al., 2013).

Figure 9. Macroseismic observations of the 1978 Albstadt earthquake acc. to Schwarz et al. (2014)
compared to the attenuation relationships of Sponheuer (1960); Ahorner, Rosenhauer (1986);
Rosenhauer (1999); Atkinson, Wald (2007); Stromeyer, Grünthal (2009)

Figure 10. Mean Damage Grade (Dm) for the
elliptic scenario with epicentral intensity
I0 = VII-VIII (see Figure 8c) of the Sep. 3, 1978
Albstadt earthquake (epicentre )

Figure 11. Mean Damage Ratio (MDR) for the
elliptic scenario with epicentral intensity
I0 = VII-VIII (see Figure 8c) of the Sep. 3, 1978
Albstadt earthquake (epicentre )

Examples of observed damages of the 1978 Albstadt earthquake in relation to the scheme given in the
EMS-98 are shown in Table 1.
Table 1. Damage Grades acc. to EMS-98 Grünthal et al. (1998) and fitting examples for masonry type
buildings damaged during the 1978 Albstadt earthquake (Schwarz et al., 2008a)
Di
D1

Damage scheme

Example
Negligible to slight

D2

Moderate

D3

Substantial to heavy

D4

Very heavy

D5

Destruction
Not observed
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Date

Kandel near Waldkirch
48.08 N / 8.04 E
05.12.2004

Time

02:52am (CET)

Local magnitude

ML 5.4

Moment magnitude

MW 4.6

Focal depth

≈ 9 km

Intensity (EMS-98)

VI (6.0)

Radius of perceptibility

≈ 250 km

Rupture type

Dextral stike-slip

Strike / dip

107° / 73° SSW

Size of the fault plane

≈ 2 km²

Dislocation

≈ 10 cm

Figure 12. Macroseismic observations with shake map and details of the
Dec. 5, 2004 Waldkirch earthquake (epicentre ) (Benn et al., 2006)

WALDKIRCH EARTHQUAKE DEC. 05, 2004
The Dec. 5, 2004 Waldkirch earthquake can be regarded as one the last damaging events in Germany
and Central Europe. Despite of its high local magnitude ML of 5.4, only minor damages could be
observed which might be related to an epicentral intensity I0 not larger than VI (EMS-98), see Figure
12. This can be explained by the location of the epicentre 15 to 20 km away from the nearest major
settlements. In general, for this magnitude and the existing traditional building types particular for the
affected region, higher damage grades might be expected. From engineering point of view it has to be
emphasized that within the series of the consequences derived from the 1978 Albstadt earthquake, a
manual was prepared for house owners and planners that contains advises to design an earthquake
resistant buildings by following constructive rules. The application of these rules might have
contributed to the rather negligible damage observations (see also Schwarz et al., 2008b).
Similarly to Figure 9, Figure 13 displays intensity attenuation functions with different input
parameters related to the earthquake (see Figure 1: section “Attenuation relationship”), the
macroseismic observation points, and according to the distance the clustered observation points
(equivalent radii) etc.

Figure 13. Macroseismic observations of the Dec. 5, 2004 Waldkirch earthquake acc. to Benn et al.
(2006) compared to the attenuation relationships of Sponheuer (1960); Ahorner, Rosenhauer (1986);
Rosenhauer (1999); Atkinson, Wald (2007); Stromeyer, Grünthal (2009)

a) Radial
b) Elliptic
c) ∆I (SRA)
Figure 14. Scenarios (Intensity EMS-98) of the Dec. 5, 2004 Waldkirch earthquake earthquake
(epicentre ) based on the attenuation Sponheuer (1960) for the epicentral intensity I0 = VI (6.0)
The epicentral intensity I0, the calculated epicentral intensity Ical,Spo with the attenuation relationship of
Sponheuer (1960), and the macroseismic source with the maximum observed intensity I0,max = Iobs are
emphasized.
The attenuation relationships shown in Figure 13 are quite suitable to predict the epicentral
intensity and the decrease of the intensity for the dataset of the 2004 Waldkirch earthquake. Again, the
equation of Atkinson, Wald (2007) for the Central and Eastern U.S. (CEUS) with an effective focal
depth heff of 17km and the attenuations Ahorner, Rosenhauer (1986) and Rosenhauer (1999) slightly
under- respectively overestimate the epicentral intensity. A test with the equation Rosenhauer (1999)
with the effective focal depth heff of 17km acc. to the CEUS leads to a slight overprediction of the
epicentral intensity.
The attenuation of Sponheuer (1960) presented in Figure 13 is used for the radial scenario in
Figure 14a). In Figure 14b) the elliptical scenario on base of the direction of the rupture acc. to Benn
et al. (2006) is displayed. The radial scenario of Figure 14a) is combined with intensity increments ∆I
for the epicentral region (see Figure 14c). The elliptic scenario of Figure 14b) is also combined with
intensity increments ∆I, and the outcome of the assignment of strong motion measurements and
macroseismic observations in Figure 15b). Compared with the gridded map (Figure 15a) of the
available macroseismic observations it indicates an overestimation of the intensity in the epicentral
area, but a comparatively good fit of the published shake map in Figure 12. The gridded map predicted
on the basis of the original macroseismic observations (see Figure 15a) does not show a uniform
appearance like the more generalized map in Figure 12.

a)
b)
Figure 15. Calculated ShakeMaps on basis of a) the macroseismic observations acc. to Benn et al.
(2006) and b) a combination of measurements (LED) with assigned intensity of the macroseismic
observations*, profile points with Site Response Analysis (SRA), and phantom stations*
with intensity acc. to Figure 14c) (*Buffer around measurements, SRA-points 15km)
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Figure 17. Normalized spectra of the E-W and N-Scomponent of measurements LED (2005)  and
comparison to the related spectra with GMPE
Schwarz et al. (2007) of the assumed subsoil class

I = IV-V (4.5)

I = V (5.0)

I = V-VI (5.5)

Figure 16. Measurements of the peak ground
acceleration (PGA) in [cm/s²] LED (2005) 
and RAP (2005)  of the Dec. 5, 2004
Waldkirch earthquake (epicentre );

9

Figure 18. Comparison of spectral accelerations Sa of the ground motion measurements acc. to LED
(2005) with the GMPE Schwarz et al. (2007) of the assumed subsoil class based on the
geological map of LRGB (1998) and additional rock spectra for non-rock-type stations

For German earthquakes a historical map in such a detailed form like in Figure 15a) is only know from
the 1911 Ebingen earthquake – the largest event in the Central Europe with a local magnitude ML 6.1
(Beinersdorf, Schwarz, 2011). The refined information of this type of shake map contains, explicitly,
the effects on buildings and humans as well as effect due to geology and topography in a quite
sophisticated manner, nowhere and never reached by subsequent events. Therefore these detailed maps
can be used to determine site effects in areas, where for different earthquakes site effects could
recurrently be observed or detailed investigations with site response analysis (SRA) as well as H/Vratios of noise measurements suppose a possible intensity increment ∆I.
For the 2004 Waldkirch earthquake, a limited number of strong motion records is available
(LED, 2005; RAP, 2005, see Figure 16). In Figure 18, spectra of the horizontal components of some
near source measurements of LED (2005) are compared with results using the ground motion
prediction equation (GMPE) proposed by Schwarz et al. (2007, SLKE07). The GMPEs are applied to
each station on basis of the most probable subsoil class. The basis for this assumption is the geological
map of LRGB (1998), additionally the GMPE of rock is given for the non-rock-type stations for the
check of the selected geological subsoil class. The stations are sorted acc. to the distance from the
epicentre D in km and the corresponding macroseismic intensity.
The macroseismic observations (Benn et al., 2006) located near the strong motion measurements were used to assign an intensity value (EMS-98) to the stations and their measurements. Buffers
were created around the stations (3km, 5km, and 7km) to find valid data for these measurements. For
the majority of the measurements the 3km-buffer is sufficient. For the intensity assessment the
obtained intensity points where used directly for gridding without creating a ground motion map in a
previous step. The relation of intensity values and peak ground accelerations (PGA) of measurements
are shown also in Figure 19 and compared to similar correlations from other earthquakes.
The spectra calculated for the moment magnitude MW of 4.6 and respectively 5.1 offer in
tendency an acceptable prognosis compared to the recorded component spectra (see Figure 18). In
Figure 17 the normalized spectra for the E-W and N-S component are compared, the normalized
spectra for the GMPE SLKE07 of the moment magnitude MW of 4.6 and respectively 5.1 are
displayed. It can be assumed that recently published GMPE can be used for earthquakes in southern
Germany to predict the spectral accelerations. Nevertheless and due to the rather limited number of
strong motion records, the presented results offer some tendencies, which should be proven.

a)

b)

Figure 19. Comparison of measurements of the earthquakes 1978 Albstadt (Wieck, Schneider, 1980),
1992 Roermond (Ahorner, 1993), 2004 Waldkirch (EW-Component, LED, 2005), and 2011 Virginia
(CEMSD, 2011) with the relationships acc. to a) Gutenberg, Richter (1956); Medvedev et al. (1965);
Medvedev, Sponheuer (1969); Ambraseys (1975); Trifunac, Brady (1975); Faenza, Michelini (2010)
and b) Medvedev, Sponheuer (1969); Ambraseys (1975); Murphy, O’Brien (1977);
Wald et al. (1999a); Kaka, Atkinson (2006)
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CONCLUSIONS
The knowledge of historical earthquakes and their macroseismic observations is quite valuable in low
to moderate seismic regions like Central Europe. They can be used to estimate the magnitude as well
as the maximum observed damage grade (Figure 3) to define the relevant performance states or riskconsistent design concepts. Code related events are rare and the historic events are needed to assume
where and with which strength (possible damage grades) earthquakes occur in the future. When such
an earthquake even in low to moderate seismic regions happens, it is necessary to aid quick and
effective.
If the method of USGS (Wald et al., 1999a, 1999b) should be applied properly (like it is done in
Italy and Switzerland), an appropriate ground motion prediction equation as well as a relation of
ground motion (PGA, PGV, Sa) to intensity in EMS-98 based on Central European datasets of ground
motion measurements are needed. This should be possibly enhanced by data of earthquakes gathered
in regions with similar seismicity and tectonic features.
The recovered information of peak ground accelerations from the 2004 Waldkirch (ML 5.4)
earthquake were used to compare them with those from other earthquakes in Germany (1978 Albstadt,
ML 5.7; 1992 Roermond, ML 5.9) and the Eastern United States (2011 Virginia, MW 5.8). Figure 19a)
shows in comparison to Figure 19b) that the ranges of acceleration given in the MSK-64 and other
relations valid for Europe (i.e. Medvedev et al., 1965; Medvedev, Sponheuer, 1969; Ambraseys, 1975;
Faenza, Michelini, 2010) fit better than the ones that are used among others for the shake maps in the
United States (Wald et al., 1999a; Kaka, Atkinson, 2006). The definition of ranges used for the
ShakeMaps of USGS (MMI-Scale) underestimate the intensities for Europe by one intensity grade for
the selected earthquakes with a magnitude range of 5 to 6 for the lower intensity ranges. Obviously
there is lack of acceleration data for intensity ranges > VI (6.0). The analysis of the strong motions
measurements of the 2004 Waldkirch earthquake indicate that GMPE Schwarz et al. (2007, SLKE07)
based on Californian measurements can be applied in Germany. There is a need of more measurements especially of stronger (code-relevant) events to prove this.
Nevertheless of the lack of available measurements, especially for intensities ≥ VI (6.0), the “intensity way” of creating ShakeMaps provides a reliable prediction for the considered earthquakes and
is preferable at the moment for Central Europe and particularly Germany. This study shows that it is
possible to reconstruct the shaking effects by using common intensity attenuations in combination
with intensity increments, which can be derive empirical-statistically (from historical earthquakes and
macroseismic observations), analytically (by methods like site response analysis SRA), or
instrumentally (on the basis of H/V-ratios; see Beinersdorf, Schwarz, 2011).

ACKNOWLEDGMENT
We thank Dr. Wolfgang Brüstle (LED Baden-Württemberg), who provided the strong motion recordings of the 2004 Waldkirch earthquake. We thank as well James Dewey (USGS Emeritus), Vince
Quitoriano, and David Wald (USGS) for providing the original macroseismic data of the Virginia
2011 event for the determination of the intensity (MMI) for the available strong motion measurements.

REFERENCES
Ahorner, L., Rosenhauer, W. (1986): Realistische seismische Lastannahmen für Bauwerke - Kap. 9: Regionale Erdbebengefährdung. Frankfurt/Main. II. Abschlussbericht im Auftrag des Instituts für Bautechnik, Berlin.
Ahorner, L. (1993): Gemessene Bodenbeschleunigungen beim Roermonder Erdbeben am 13. April 1992. Bauingenieur, 68
(5), pp201–205.
Amante, C., Eakins, B.W. (2009): ETOPO1 1 Arc-Minute Global Relief Model: Procedures, Data Sources and Analysis.
NOAA. NOAA Technical Memorandum NESDIS NGDC-24. p19.
Ambraseys, N.N. (1975): The correlation of intensity with ground motion. In proc.: XIV General Ass. ESC 1974 in Trieste.
Potsdam, Nationalkomitee für Geodäsie und Geophysik, Akademie der Wissenschaften der DDR, pp335–341.
Atkinson, G.M., Wald, D.J. (2007): ”Did You Feel It?” Intensity Data: A Surprisingly Good Measure of Earthquake Ground
Motion. SRL, 78 (3), pp362–368.

Beinersdorf, S., Schwarz, J. (2011): Reinterpretation der Schütterwirkungen des „Mitteleuropäischen Erdbebens“ vom 16.
November 1911. In proc.: Könke ed. 12. D-A-CH Tagung, Deutschland, 15.–16. Sept. 2011. Hannover, pp1–12.
Beinersdorf, S., Schwarz, J., Langhammer, T. (2013): Vulnerability assessment of a building stock and reliability considerations on the basis of observed damage grades: Reconstruction of the September 3, 1978 Albstadt earthquake. In proc.:
VEESD & 13. D-A-CH Tagung, Wien, Österreich, 28-30 August 2013. Wien, (No. 473).
Beinersdorf, S. (2014): Anwendung der Intensität im Erdbebeningenieurwesen: Zum Verhalten von Bauwerken in deutschen
Erdbebengebieten. PhD-Thesis in preparation. Weimar, Bauhaus-Universität Weimar.
Benn, N., Stange, S., Brüstle, W., Henk, A., Stribrny, B. (2006): Das Beben von Waldkirch am 5.12.2004. In proc.: Dt.
geophys. Ges., 66. J.-Tag. Bremen, pp400–401.
CEMSD (2011): Map of Strong Motion Stations for Mineral Virginia Earthquake of 23 Aug 2011 [Internet].
http://strongmotioncenter.org/cgi-bin/CESMD/iqrStationMap.pl?ID=MineralVirginia_23Aug2011_usse082311a
Faenza, L., Michelini, A. (2010): Regression analysis of MCS intensity and ground motion parameters in Italy and its application in ShakeMap. Geophys J Int, 180 (3), pp1138–1152.
Grünthal, G., Musson, R.M.W., Schwarz, J., Stucci, M. (1998): European Macroseismic Scale 1998. G. Grünthal ed. Luxembourg. Cahiers du CEGS 15. http://www.gfz-potsdam.de/pb5/pb53/projekt/ems/.
Gutenberg, B., Richter, C.F. (1956): Earthquake magnitude, intensity, energy, and acceleration: (Second paper). BSSA, 46
(2), pp105–145.
Hiller, D. (1985): Makroseismische Wirkungen des Albstadt-Bebens vom 3. September 1978 in Baden-Württemberg. Institut
für Geophysik der Universität Stuttgart. (PhD-Thesis).
Kaka, S.I., Atkinson, G.M. (2006): Implementation of ShakeMap in Ontario: Challenges of Detection and Location in a
Sparse Network. SRL, 77 (6), pp780–792.
Landesamt für Geologie Rohstoffe und Bergbau Baden-Württemberg (1998): Geowissenschaftliche Übersichtskarten BadenWürttemberg 1:350.000 - 20 landesweite Karten für Planung, Wirtschaft und Umwelt. Freiburg. (CD-ROM).
Landeserdbebendienst Baden-Württemberg (LED) (2005): Regierungspräsidium Freiburg - Abt. 9 LGRB - LED - Aktuelle
Erdbeben [Internet], (Jahr 2004). http://www.lgrb.uni-freiburg.de/led_pool/led_2_1.htm.
Medvedev, S.W., Sponheuer, W., Kárník, V. (1965): Seismische Intensitätsskala MSK-1964. In proc.: Bericht über die
Weiterentwicklung der seismischen Skala. Veröffentlichungen des Inst. für Geodynamik, Jena. Berlin, pp12–17.
Medvedev, S.V., Sponheuer, W. (1969): Scale of seismic intensity. In proc.: WCEE Santiago, Chile, pp143–153, (A-2).
Murphy, J., O’Brien, L. (1977): The correlation of peak ground acceleration amplitude with seismic intensity and other
physical parameters. BSSA, 67 (3), pp877–915.
RAP, Institut National des Sciences de l’Univers (2005): BDsis: 2004-12-05 01:52:39, (Réseau Accélérométrique Permanent
- RA 1995 - 2008). http://f1.obs.ujf-grenoble.fr/BDsis/servlet/SacOrSeedEvents ?content=html&dbcourante=rap.
Rosenhauer, W. (1999): Benutzungs-Anleitung für das Programm PSSAEL zur probabilistischen seismischen StandortAnalyse. Rösrath, Bericht im Auftrag des VGB. p42.
Schwarz, J., Langhammer, T., Kaufmann, C. (2006): Quantifizierung der Schadenspotentiale infolge Erdbeben - Teil 2:
Modellstudie Baden-Württemberg. Bautechnik, 83 (12), pp827–841.
Schwarz, J., Lang, D.H., Kaufmann, C., Ende, C. (2007): Empirical ground-motion relations for Californian strong-motion
data based on instrumental subsoil classification. In proc.: 9th CCEE. Ottawa, Ontario, Canada, pp489–500, (p1359).
Schwarz, J., Beinersdorf, S., Kaufmann, C., Langhammer, T. (2008a): Damage scenarios for Central Europe - Reinterpretation of historical earthquakes. In proc.: T. Camelbeeck, H. Degée, G. Degrande, & A. Sabbe eds. Seismic Risk 2008 Earthquakes in North-Western Europe. Liège, pp311–320.
Schwarz, J., Beinersdorf, S., Swain, T., Langhammer, T., Leipold, M. (2008b): Vulnerability of masonry structures - experience from recent damaging earthquakes in Central Europe. In proc.: T. Camelbeeck, H. Degée, G. Degrande, & A.
Sabbe eds. Seismic Risk 2008 - Earthquakes in North-Western Europe. Liège, pp209–216.
Schwarz, J., Beinersdorf, S., Meidow, H., Ahorner, L. (2009): Magnitudenorientierter Erdbebenkatalog für deutsche und
angrenzende Gebiete EKDAG – erweiterter Ahorner-Katalog. (V1.0 (03/2010)). www.edac.biz/erdbebenkatalog.html.
Schwarz, J., Beinersdorf, S., Langhammer, T., Leipold, M., Kaufmann, C. (2010a): Realistic vulnerability functions of masonry structures – Lessons learned from damaging earthquakes in Southern Germany. In proc.: 8th Int.Masonry
Conf.. Dresden, p12.
Schwarz, J., Beinersdorf, S., Langhammer, T., Leipold, M., Kaufmann, C. (2010b): Vulnerability functions for masonry
structures derived from recent earthquakes in Germany. In proc.: 14th ECEE. Ohrid, Macedonia, (ID 606).
Schwarz, J., Beinersdorf, S., Meidow, H. (2014): Magnitudenorientierter Erdbebenkatalog für deutsche und angrenzende
Gebiete EKDAG v. 2.0 – erweiterter Ahorner-Katalog. (Version 2.0). http://www.edac.biz/erdbebenkatalog.html.
Sponheuer, W. (1960): Methoden zur Herdtiefenbestimmung in der Makroseismik. Akad.-Verl., Berlin, 1960.
Stromeyer, D., Grünthal, G. (2009): Attenuation Relationship of Macroseismic Intensities in Central Europe. BSSA, 99 (2A),
pp554–565.
Trifunac, M.D., Brady, A.G. (1975): On correlation of seismoscope response with earthquake magnitude and Modified Mercalli Intensity. BSSA, 65 (2), pp307–321.
Wald, D.J., Quitoriano, V., Heaton, T.H., Kanamori, H. (1999a): Relationships between Peak Ground Acceleration, Peak
Ground Velocity, and Modified Mercalli Intensity in California. Earthq. Spectra, 15 (3), pp557–564.
Wald, D.J., Quitoriano, V., Heaton, T.H., Kanamori, H., Scrivner, C.W., Worden, C.B. (1999b): TriNet ”ShakeMaps”: Rapid
Generation of Peak Ground Motion and Intensity Maps for Earthquakes in Southern California. Earthq. Spectra, 15
(3), pp537–556.
Wieck, J., Schneider, G. (1980): Herdnahe Messungen während der Erdbebenserie im Herbst 1978 auf der westlichen
Schwäbischen Alb. Mitteilungen Institut für Bautechnik, 11 (1), pp1–3.
Maps are created with the program MapInfo Professional Version 12.0. The used topography grid in the presented maps is
ETOPO1 acc. to Amante, Eakins (2009)

12

