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Abstract. The BASE-project collects all earthquakes which  In a first step all data about earthquakes felt in Bavaria

have been recorded in historical documents in Bavaria up tomeeded to be collected. This step was limited to already

the installation of the first major seismograph in 1905. 27 published data in 27 crucial publications over the past two

crucial publications of the past two centuries have alreadycenturies (Perrey, 1844; Boegner, 1847; Volger, 1857; Cred-

been assessed and the reports, 1112 in total, have been fileer, 1884; Gmbel, 1889; Langenbeck, 1892{ither, 1897;

in a data base. Included are not only all events which haveGunther, n.d.; @mbel, 1898; Brunhuber, 1903; Reindl,

been recorded for Bavaria itself, but also events which havel903a, 1903b, 1905a, 1905b, 1907; Reindl,inter and

been felt and recorded in Bavaria, but may have taken plac®eindl, 1904; Credner, 1907; Heritsch, 1908; Messerschmitt,

in neighbouring countries. The data base will be published1908; GieRberger, 1922; Sieberg, 1940; Sponheuer, 1952;

on the internet. In a second step public users of the dat&chmedes, 1979; Leydecker andiBing, 1988; Wolf and

are encouraged to take part in the improvement and comWolf, 1989; Bachmann and Schmedes, 1993; Schmedes et

pletion of the data base. This especially aims at local his-al., 1993). The publications could be found in the Geo-

torians, librarians etc. who can contribute to the data basghysical Observatory inii¥stenfeldbruck (jointly run by the

by adding information and data from local archives or doc- Bavarian Geological Survey and the University of Munich),

uments, which would otherwise be virtually inaccessible for the Library of the Bavarian Geological Survey and the State

the public. Library of Bavaria in Munich. The data were filed in a spe-

cially designed data base, which was modified from the one

successfully used in the HANG-project about natural hazards

in the Alps (Barnikel, 2004). A second, future step will be

1 The goal of BASE the inclusion of (validated) contributions made by citizens all
over Bavaria who share an interest in earthquakes and have

The onset of the 21st century has brought a new publicaccess to local publications or documents which may have

awareness about natural hazards. Recent catastrophic evefigen denied wider distribution in journals or other scientific

like the 2004 tsunami in Asia or the 2005 flooding of New publications and are, therefore, largely unknown.

Orleans have made it not only to the headlines in news publi-

cations around the globe but have also contributed to a more

profound desire to accumulate knowledge about natural hazg Historical documents and natural hazards

ards among people all over the world. The Bavarian Geolog-

ical Survey (now part of the Bavarian Environmental Office) Since a thorough assessment of historical documents (the
is about to pay tribute to this by offering new tools to re- value of which has been proven many times, foremost in the
search and monitor hazardous events in Bavaria. One projegfeld of hydrology, cf. Stedinger and Cohn, 1986; Alexandre,
to reach this goal was the BASE-project (Bavaria’s Seismic-1987; Baker, 1987) filed in the numerous archives all over the
ity in Historical Documents). state of Bavaria would prove too time-consuming and costly
by far (cf. Coeur et al., 1998 or Barnikel and Becht, 2004), a
new way has to be found to gather as much relevant informa-

Correspondence tdf. Barnikel tion as possible in a shorter period of time. Especially local
BY (mail@barnikel.de) archives, which have found to be among the most productive

Published by Copernicus Publications on behalf of the European Geosciences Union.


http://creativecommons.org/licenses/by/3.0/

1396 F. Barnikel and E. Geiss: The BASE-Project

and important sources for documents describing hazardouspicentres in Germany or with macroseismic effects on
natural events from the 1800s and older (cf. Barnikel andGermany, but originating in neighbouring countries. Within
Becht, 2003) cannot be screened by scientists alone. Peopthe past 20 years the catalogue has been enlarged and
with access to local documents, like librarians or historiansrevised several times, the latest version can be found
will be encouraged to contribute to the data base as a kind ofinder  http://www.bgr.bund.de/DE/Themen/Seismologie/
open-source catalogue. Thus they may significantly enlarg&rdbeben/historisch/historischerdbebennode.html (as
our knowledge about “Bavarian” earthquakes in general.  well as the two following catalogues). Today it lists more
We are well aware of the fact that the quoting of “original” than 2500 events relevant for Germany before 1906. Ley-
texts is often unprecise or even faulty. Many of the writ- decker not only shaped the German earthquake catalogue,
ten sources have already been shortened, translated, partde also, together with his late colleague van Gils, issued
phrased or compiled, thus distorting the information of thethe European earthquake catalogue with more than 8500
underlying primary sources. On top of that, some compila-events (intensity IV and more) for the covered countries
tions may include mistakes like wrong datings. Sometimesuntil 1906. The latest addition of interest is the earthquake
compilations are a mixture of reliable and questionable datecatalogue for southeastern Europe (Shebalin et al., 1997)
(cf. e.g. Pfister, 1988 or Glade et al., 2001), as is especiallyvith approximately 2000 events before 1906, but with only
the case with the “long” catalogues of earthquakes collectedimited relevance for Bavaria. Other important catalogues
by Reindl (1903a, b), GieRberger (1922) or Sieberg (1940)for earthquakes relevant for Bavaria are the Swiss catalogue
The plausibility of the data can only be elicited by a thor- (Swiss Seismological Service, 2002), the Austrian catalogue
ough assessment of the data itself and a comparison of thgCentral Institute for Meteorology and Geodynamics, 2006)
data in question with established catalogues. In general, thand the latest catalogue for central and northern Europe by
co-operation of historians and geoscientists proves very valuGrinthal and Wahlstm (2003).
able for the assessment of historical hazard data (see Coeur Between all catalogues slight discrepancies can be found,
etal., 1998), even if the majority of the historical documents, most of them regarding the precise location of the epicen-
which are needed to prolong the list of events into the pastire, its coordinates, the intensity and the corresponding ra-
only provides binominal data compared to the more valuabledius. Even the Bavarian earthquake catalogue, although
censored data of mostly younger documents (cf. Stedingebased on the German catalogue, shows some minor differ-
and Cohn, 1986). ences to the German catalogue, since it has been gently modi-
As usual with historical data, several aspects regarding thdied by the former director of the Geophysical Observatory in
quality of written sources need of course be kept in mind (cf. Furstenfeldbruck, Eberhard Schmedes, all through the 1980s
e.g. Pfister and Bchler, 1991; Coeur et al., 1998; Fliri, 1998; and 90s (cf. Schmedes, 1979; Schmedes et al., 1993). BASE
Pfister, 1999 or Glaser et al., 2002). The documents mayould not pay attention to the differences between these cat-
differ greatly with regard to terminology, detail, educational alogues, although a future assimilation of all existing cata-
background of the author etc. Many sources are not capabl®gues would be highly desirable.
of providing all the data expected and needed for a thorough The Bavarian Earthquake catalogue, published by the
assessment of earthquakes. But the more different sourcddavarian State Agency for Environment and accessible on-
(or -later- archives) we include in our data base, the mordine (http://www.erdbeben-in-bayern.delists 24 events up
precise our earthquake data will become. Excellent exampletp 1905 with epicentres in Bavaria. The earliest of these
of the analysis of historical data are the publications of Gala-earthquakes dates back to 1390. Earthquakes with epicentres
dini etal. (2001) about the Veronese earthquake of 1117 (dat@utside Bavaria were documented but not included in the of-
files numbers 1084, 1559 and 1779-1782 in BASE), the workKicial catalogue with the 26 November 1902 Tachov (Czech
of Mucciarelli and Stucchi (2001) about disaster scenarios orRepublic) event as an exception. From 1905 onwards the
for the general approach, e.g. Hammerl and Lenhardt 1992arthquakes were measured by a new Wiechert-seismometre
and Gisler et al. (2004). An up-to-date overview on Germanin Munich, which took the precision of the measurements to
historical approaches is given byiithal (2004). a new level. The BASE-project, therefore, only concentrated
on events before 1906 and tried to establish an earthquake
catalogue that, just like the German catalogue by Leydecker
3 Historical earthquakes in Bavaria (1986ff.) does for Germany, also includes earthquakes with
macroseismic relevance for Bavaria. Some major publica-
Germany’s standard earthquake catalogue was first pubtions on historical earthquakes were analysed (of importance
lished by Leydecker in 1986 (in parts based on the catalogusvere foremost @mbel, 1898; Reindl, 1903a, b, 1905a, b;
published by Ginthal, for example in 1988) and is- GieRBberger, 1922; Sieberg, 1940; Sponheuer, 1952, but also
sued on behalf of the Federal Institute for Geosciencedistings from adjoining German states or other countries as
and Natural Resources. It claimed full coverage for all covered by Perrey, 1844; Boegner, 1847; \Volger, 1857; Cred-
quakes from intensity MSK-1964 IV (Sponheuer, 1965) ner, 1884, 1907; Heritsch, 1908). The data was then col-
upwards and listed about 1900 events with either theirlected in a data base, which had already been successfully
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Fig. 1. Screenshot from the BASE data base showing the 1390 eventig. 2. Distribution of all events with known epicentres felt in
in Bad Reichenhall. Bavaria up to 1905 (BASE-project). Abbreviations: A = Austria,
CH = Switzerland, CZ = Czech Republic, TH/S = former GDR, |
= ltaly, BW = German State of Baden{#ttemberg, F = France,
used in another project on historical natural hazards, theRp = German State of Rhineland-Palatine, HS = German State of
HANG-project (Fig. 1). Hesse, NP = German State of Northrhine-Westphalia.
Of special importance in this context, when working with
historical written sources, is always the exact quotation of
the written texts to ensure accessibility for later evaluations.sounds improbable. In addition to that, no other known
BASE links the data on the event to other researched masource recorded that many devastating earthquakes in that
terial, like pictures or maps. The data was then compared/ear in Bavaria. The validity of this source, as a result, re-
with the data in the German and European catalogues and, ihains very poor.
necessary, adjusted (with regards to time, coordinates etc.). Several sources were found for a suspected earthquake
Important for the data files are descriptions of the impactin 841 AD in Wurzburg (after Boegner, 1847; GieRberger,
an earthquake had on the society. The more details about922; Sieberg, 1940, BASE-DB 1044, the mentioned sources
damages or destructions we get, the more accurate our irdate back to e.g. 1578, 1644, 1692 and 1756 respectively):
tensity estimations will later become. Therefore, all the “AD 841 an earthquake hit the town of ¥&burg about
data have been graded after the new EMS-98-Intensity-Scalgventy times and with it came terrible hail and a great storm”,
(Grunthal, 1998), which allows a direct comparison of data depicting the ancient belief that earthquakes were connected
from different centuries and of data from different documen-to atmospheric events. Judging from the text the event in
tary sources. question sounds more like a heavy storm which shook the
buildings and inhabitants of Wzburg and is nowadays con-
sidered to be a fake. These “original” sources, used in the
4 Data from the BASE-project secondary sources exploited by the BASE-project, are of
course hardly precise and valid, since they cannot be con-
Some examples of historic written data may illustrate thesidered as contemporary (real contemporary sources being
particular problems and chances of working with this kind very rare and far between). Often sources like these make
of sources in the BASE-project: “In the year 740 AD the use of data already written down in older documents, thus
Earth trembled so much in the Swabian Countries for almosonly quoting other sources and thereby adding “new” evi-
a year that many monasteries and churches collapsed” (aflence where there is none (cf. the exemplary analysis of a
ter GieRberger (1922), data sheet BASE-DB 1035). This texseries of earthquakes in southern Germany found to be fakes
was found in a manuscript from 1723, therefore at least aby Grunthal and Fischer, 2001), or just mix up the dates, as is
second-hand source. Even if authors often used to simplyhe case with earthquakes listed after either the Julian or the
copy older texts without changing them, a description of anGregorian calendar (as for exampleli@Gthal and Wahlstim
earthquake almost a thousand years later is highly problem(2003) point out).
atic (see Barnikel 2004, who deals at length with this topic). Much more precise and valid in general are understand-
The nature of the information is also doubtful. The destruc-ably younger documents, one example being an earthquake
tion of numerous churches and monasteries (some of therin 1889: “On 22 February, 2 o’clock and 40 min in the af-
certainly wooden structures as were common in these timesernoon, a heavy blow sounded, which was accompanied by
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] ) Fig. 4. Map of selected epicentres of earthquakes felt in Bavaria
Fig. 3. Events recorded by BASE and corresponding reports ovefyjith a intensity of IV or more from 1021 to 1905 (BASE-project).
the centuries. Note that several reports may refer to the same event.

The 20th century ends in 1905.
from the 4th century until the 17th century, the oldest one
being a (questionable) quake recorded in Memmingen in 369

a short rolling sub-surface, so that the windows clattered inAD. The past few centuries are of course much better rep-
many houses. This blow seemed to move from W to E. In theresented in the data base than the older ones (cf. Fig. 3).
lower part of town the same was felt so heavily that the inhab-The renaissance of natural sciences after the 1500s led to a
itants of the surrounding streets ran terrified onto the streets.more profound occupation with natural hazards. More peo-
This information appears not only much more reliable, it is ple noted earthquakes and reported them. As a result we have
also very precise in terms of date, time, place, process andhore detailed information about quakes for the past few cen-
effect. It is especially this kind of source we need to specifyturies than for the time before 1500. More than half of all
an earthquake (BASE-DB 1689). events filed in the BASE-catalogue date back to the 18th and

The BASE-project was able to collect a total of 516 events19th centuries (86 and 163 events respectively), whereas the
which were felt and, consequently, recorded in Bavaria. As-10th and 15th centuries are astonishingly only sparsely rep-
tonishing enough is the fact that about 76% of these eventgesented.
could not be linked to a specific date or place from the earth- The next interesting finding is the difference of the geo-
quake catalogues of the surrounding areas (the Europea@raphical distribution of the earthquakes before 1905 and af-
earthquake catalogue by van Gils and Leydecker, 1991 oter. Before 1905 most earthquakes felt in Bavaria took place
the German earthquake catalogue by Leydecker, 1986ff.), alin either the Alps or the northern fringe of the Bohemian For-
though quite a few quakes must be considered fakes, espé&st. But a surprisingly high number of events happened all
cially when just mentioned by a few (or only one) sources.over central Europe with no apparent connection to the more
Only 122 earthquake epicentres in addition to the 24 event&ctive seismic regions (Fig. 4). After 1905 we find quite a
already listed in the Bavarian earthquake catalogue could béifferent picture, which obviously is connected to the instal-
specified (Fig. 2). Most of these events took place in eitheration of seismological stations in Bavaria, which were able
Switzerland (23%) or Austria (16%), just under 10% in the to record also smaller earthquakes, “invisible” in the past.
German state of Baden{ittemberg, the Czech Republic or A large number of events was recorded for the Ries crater
Italy respectively. The large number of uncertain epicentresaround Nordlingen (Fig. 5), although most epicentres are still
for earthquakes felt in Bavaria is nevertheless puzzling, bufound in the Alps or the northern Bohemian Forest.
so is the fact that both, the German and the European cata-
logue, list a significant different number of German quakes
with the same intensity span for the time period up to 1905.
The European catalogue mentions 1019 events in Germanys o reqylt, data from the BASE-project are useful with re-
before 1906, the. German catalogue 1821. (As long as therﬁard to several aspects:
are such grave differences between the catalogues, every user
is forced to establish his own catalogue as we do for Bavaria.) — The data is compiled in a catalogue which can be ac-

The old Bavarian earthquake catalogue lists four events  cessed by every user through the internet. It is not only
from the 14th until the 17th century, the oldest one being a valuable tool for specialists, it also helps the public
the 1390 event in Bad Reichenhall. BASE adds 72 events  understand geodynamics better.

5 Discussion
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Fig. 5. Map of all recorded earthquakes in Bavaria between 1900
and 1999. Sourcevww.erdbebendienst.de

— The catalogue will be enlarged and improved by citi-
zens, thus including more man-power in scientific re-
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search and showing the public that everybody can conFig. 6. Map of locations in Bavaria with number of reported earth-

tribute to the betterment of science and society, as a
open-source project it will be a kind of Web 2.0-try to
link science and public. (Figure 6 shows the distribution
of all locations in Bavaria, which have reported earth-
guakes so far.)

especially the Bavarian catalogue, and should serve as and Papaioannou, 1997) could be va
model for the calibration of other existing catalogues.

rguake events between 369 and 1905 (BASE-project).

(cf. Papadopoulos et al., 2000) could be used to classify the
reliability of the historical earthquakes collected by BASE
and the implementation of indicative magnitude values (cf.
The data will he|p us to calibrate existing Cata|ogues,SibO| et al., 1987; Cavallini and Rebez, 1996 or Papazachos
luable. In the end the
catalogue should then be ready to be used in further scien-

tific studies about earthquakes in southern Germany.

The list of known earthquakes will be prolonged signif-

icantly and so provide a basis for future modelling. AcknowledgementsThe authors would like

to thank the Bavarian

Environment Agency for funding the project.

The figure of unknown earthquake-epicentres remains a
problem that needs to be solved. The inclusion of dataEdited by: M. Contadakis
from local archives is, consequently, of utmost importance.Reviewed by: two anonymous referees
The future presentation of the BASE-DB on the walwjv.
erdbeben-in-bayern.jies an important step to reach this
goal and serves as an example for other catalogues. The in-
clusion of the original text sources is crucial in this respect,
because it allows later adjustment and validation. But a fu-
ture assimilation of the existing catalogues from the differ-
ent European countries will also be important. The BASE-
project will, in addition to that, collect written data for events
after 1905 in a second step. A comparison between the writ-
ten sources and instrumental data from the seismometre may
prove useful for the calibration of older written data. An-
other step should be an examination, how reliability scales
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