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Abstract

The general purpose of the present paper is to summarize the state-of-the-art of historical earthquake knowledge
and research in the Iberian Peninsula, giving an account of the main references, the historical developments and
the present situation of earthquake catalogues. The mos representative historical works for compiling earth-
quake data (catalogues) up to 1985 are referred together with these of more recent investigations carried out in
Spain and Portugal for the period 1985-2003. Existing databases on historical seismicity are presented, men-
tioning the most important achievements in relation to qual ity of information,

Key words historical seismiciry - catalogues — nificant works reported in that study are men-

nacroseismic data — earthguake database — Iberian tioned here together with some of the new pub-

Peninsula lications on particular events and some new
earthquake catalogues which have appeared in

1. Introduction Spain and Portugal since then, All these works
lead to a quality improvement of the knowledge

The knowledge of the historical evolution of of the seismicity in our study area, the Iberian

catalogues is extremely important to understand Peninsula, including Spanish. Portuguese and

the origin of modern catalogues. A detailed the Mediterranean and the Atlantic islands —

analysis of the ways the information contained Canaries, Balearic and the Azores — (fig. 1),

in these catalogues is transmitted over time

helps to better interpret modern catalogues and

lo be aware of the real problems they may hold. 2. Overview of historical catalogues

Mufioz and Udias (1982) gave a thorough out-

line of main Spain’s works related to historical The first works on seismicity of Iberia go

earthquake data compilation and listed the main back to mid 18th century as a consequence of

catalogues produced until 1982, The most sig- the 1755 Lisbon earthquake. The great damage

produced by this event in an important Euro-
pean town shocked the entire European society.
A large amount of literature was written, in-
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Fig. 1. Map of the Iberian Peninsula and insular territories of Spain and Portugal, with eeographical names
mentioned in the texi. Rectangles A-and B represent the areas covered by the catalogues of Martinez-Solares wnl
Mezcua (2002) and Susagna and Goula (1999), respectively,

but also philosophical and scientific discus-
stons, religious explanations and even poetry
(Mufioz. and Udias, 1982; Martinez-Solares.
20001). This earthquake can be considered the
initiator of scientific interest in the compilation
of seismic events in the Iberian Peninsula.

According to Mufioz and Udias (1982). the
first lists of earthquakes in the Iherian Peninsula
were compiled by Nipho (1755) and Roche
(1756). Also, Moreira de Mendonga (1758), in
his world catalogue from 1815 B.C. to 1753
A, containing about 400 well documented
events with complete references. includes earth-
quakes in the Iberian Peninsula.

The work by Perrey (1847) is an important

reference catalogue in Iberia, being the basis of

many later studies. For earthquakes in Southern
Spain, the catalogue by Taramelli and Mercalli
(1886), as part of a field study on the 25 De-
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cember 1884 earthquake. an outstanding exam-
ple of early seismological work, completed the
information contained in Perrey’s catalogue
adding other sources. For earthquakes in NE
Spain, Teixidor Cros (1884) gives a summary
of the earthquake history of Catalonia, which
mainly relies on a booklet from Bolds (1841)
about the Olot volcanic area. Mengel (1908;
1909; 1929) deals with seismic data for Catalo
nia (both Spain’s and France's) and Pyrenees
region. This is a reference work for Catalonia
although the anthor is not very critical about
historical sources,

Sdnchez Navarro-Neumann (1917, 192(h
published a catalogue for Spain including data
from different sources, mainly from previous
catalogues.

One of the most valuable references for
seismicity of the Iberian Peninsula is the cata-
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logue from Galbis (1932; 1940). It is a cata-
logue (1032 B.C.-1933 A.D.) which uses a
large amount of historical sources, giving the
corresponding references, including the works
from contemporary Spanish seismologists such
as Rey Pastor, Sdnchez Navarro-Neumarni,
Faura i Sans and Fontseré, among others.
Munuera (1963) in his catalogue, in table for-
mat, presents basically the information from
Galbis with some modifications, removing
some events considered not sufficiently sup-
ported by data.

, Fontseré and Iglesias (1971) is the essential
reference catalogue for Catalan speaking areas:
both Spanish and French Catalonia, Valencia
and the Balearic Islands. It contains historical
data from 1100 to 1906 A.D. based on well-re-
ported references.

In Portugal, besides the already mentioned
pioneer work by Moreira de Mendonga (1758),
the most important studies on earthquake com-
pilations prior to 1980 were produced in the ear-
ly 20th century, based on data gathered in vari-
ous types of publications. For example, in rela-
tion to the Azores Archipelago, mention should
be made of Arguive dos Acores (re-edition
1981-1986) and to Frutuoso (re-edition 1998 of
the 16th century work). The work of Pereira de
Sousa (1919), dedicated essentially to the 1755
Lisbon earthquake, 1s a piece of documentation
of major importance. It also refers to earth-
quakes in the past. Choffat and Bensaude (1912)
made a notable description of the 23 April 1909
Benavente earthquake in the Lower Tagus Val-
ley, Lisbon and of the large amount of after-
shocks. Miranda (1930) made an account of all
felt events in Portugal in the 1920s.

But the greatest contributions to the histori-
cal earthquake compilation in Portugal were
made during the commemoration of the 2nd
centennial of the 1755 earthquake in the «Sim-
posio sobre a Accao dos Sismos». Ferreira
(1955) and Agostinho (1935) presented collec-
tions of important earthquakes in the Mainland
and n the Azores, respectively.

In the early 1980’s, some revisions of earth-
quake data in the Iberian Peninsula were carried
out. Among others, mention should be made of
the work by Redriguez de la Torre (1980) on
the seismicity of Alicante up to the 18th centu-
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ry, the parametric catalogue by Surnach and
Roca (1982) for Catalonia and Pyrenees which
includes a collection of isoseismal maps pub-
lished in different works, the parametric cata-
logue by Monge (1981) on earthquakes in the
Canary Islands; an extensive study by Bisbal
(1984) for the Valencia region, and the study by
Gentil and Justo (1983) for the region of Seville
with data related to the Arab period in South
Spain together with other works on Andalusian
earthquakes by these same authors.

Mezcua (1982) published a catalogue of
1soseismal maps for earthquakes in the Iberian
Peninsula and, one year later, a parametric cat-
alogue from the Instituto Geogrifico Nacional
(IGN) for the Ibero-Magreb region (Mezcua
and Martinez-5Solares, 1983) was completed.

In Portugal, various studies on historical
seismicity were carried out in the first half of
the 1980 decade. A catalogue of earthquakes in
Mainland Portugal was published by Moreira
(1984) and reviewed later (Moreira, 1991).

In Iberia, macroseismic data are compiled
by various institutions and published on a rou-
tine basis in monthly and annual bulletins, Since
1907 the Fabra Observatory in Barcelona has
carmed oul macroseismic surveys for all events
felt in Catalonia. From 1984 this task has been
undertaken in collaboration with the Servei Ge-
ologic de Catalunya — at present as part of the
Institut Cartografic de Catalunya (ICC). Start-
ing in 1909, the IGN obtained macroseismic da-
ta for earthquakes in Spain. In Portugal, since
1947, the Instituto Nacional de Meteorologia e
Geofisica (former Servico Meteoroldgico Na-
cional) has been responsible for macroseismic
surveys. For the Azores, in 1998, they started
carrying out these tasks in collaboration with the
University of Azores (consortium SIVISA).

3. Recent studies and modern catalogues
(1985-2003)

In the late 1980's there was an important
development on the studies of historical seis-
micity by the establishment of teams of histori-
ans and seismologists working together in a
more systematic way. Some EC funded projects
as for example RHISE (Review of Historical
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Seismicity in Europe — 1988-1991) and BEECD
(A Basic Evropean Earthquake Catalogue and
Database for the evaluation of long term seis-
micity and seismic hazard — 1995-1997) were
of special interest for increasing international
collaboration. Within the framewaork of these
two projects efforts were devoted to comparing
methodologies used by European investigators
of historical seismology and establishing com-
mon principles and criteria for cataloguing seis-
mic events, respectively (Stucchi, 1993; Albini
and Moroni, 1994; Albini and Stucchi, 1997).

The major problems encountered when histor-
ical earthquakes are reviewed are related to:
(i) the rehability and insufficiency of the docu-
mentary sources; (i) errors in the transmission of
the information through not-independent sources;
(ii1) difficulties in assessing the characteristics, ty-
pologies and, consequently, the vulnerability
classes of damaged buildings; (iv) difficulties in
assigning damage descriptions to individual
events in earthquake sequences; (v) lack of infor-
mation on damage to the complete building stock
when sources report only on one or a few specif-
ic buildings like, for instance, churches or royal
buildings; and (vi) problems related to the identi-
fication of toponyms and to misinterpretations of
the calendar.

Examples of the concern for reliability and
quality of macroseismic data in Iberia can be
found in Olivera et al. (1994; 1999), Paula and
Oliveira (1996), Susagna et al. (2001), among
others. Several studies on particular events,
carthquake series or specific time windows
have been published in the last decade. Exam-
ples of these studies are as follows: Olivera er
al. (1994 1999 and Salicrd (1995) studied his-
torical earthquakes in Catalonia; Espinar (1994)
and Espinar ef al. (1994) investigated historical
sources for earthquakes in South Spain and al-
so Mufioz and Udias (1991} studied a few large
events 1n the same region; Cruz er al. (1996)
initiated studies on historical seismicily in
Mainland Portugal until the end of 17th centu-
ry, criticising and analysing the sources of in-
formation, Most of these recent studies on his-
torical seismicity use the techmque of family
trees to analyse the traceability of the sources,
detecting repetition of sources not contempo-
rary with the event.
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Another topic related to the improvement ol
knowledge of historical earthquakes from the
first half of the 20th century is the processing of
early instrumental records using modern digi-
tising techniques. This information can comple-
ment the available data obtained from the
analysis of contemporary macroseismic surveys
(Susagna et al., 1993). Very good records on
paper support have been carefully kept in the
archives of early observatories and attempts are
being made to digitise and to process available
records (Batllo er ql., 1997 Badal er al., 2000)),
This type of investigation has been important Lo
cabibrate, for instance, the magnitude of the Be
navente earthquake of 23 April 1909 in the
Lower Tagus Valley, Lisbon (Dineva er al.
2002). A catalogue of digital historical seismo-
grams recorded on the Wiechert seismograph ol
the Toledo Observatory between 1912 and 1962
was published by Samardjieva et al. (1997). An
ongoing project of the IGN consists of digitis-
ing all the available records existing in its ob-
servatories for earthquakes of magnitude equal
to or larger than 4.5 which occurred until 1962,

The following sections present, as a matter ol
illustration, a brief review of recent studies in Por-
tugal, and of two Spanish catalogues, one for Cat-
alonia and the other for the entire Iberian Penin-
sula. In addition to these studies. a few other
works on revisions of earthquake data have been
carried out. Among others, we should mention
Rodriguez de la Torre (1990), who studied the
seismicity of Iberia in the 19th century through an
intensive work in newspaper archives and othe
sources, producing a revised catalogue from 185()
to 1900; Muiiz Gomez (2001) who, based on the
works by Rodriguez de la Torre (1990), extended
the historical research in Galicia (NW Spain) fon
the 19th and 20th centuries also through the
analysis of newspapers; and various historical
studies in Andalusia based on the analysis ol
Spanish-Arabic documentary sources, as Il
work by Breton and Espinar (1996).

4. Recent revisions in Portugal
In early 1980, a Working Group to study his

torical earthquakes and produce a National Cul-
alogue was launched by the Gabinete de P
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teceae e Seguranga Nuclear, Secretaria de Esta-
do do Ambiente ¢ dos Recursos Naturais, in-
volving the participation of several institutions
(Faculdade de Ciéncias, Universidade de Lis-
boa, Universidade Nova de Lisboa, Laboratério
Nacional de Engenharia Civil, Electricidade de
Fortugal, Instituto Geoldgico e Mineiro) under
the presidency of the /nstituto de Mereorologia.
Several studies were conducted by the Depart-
ment of History of Universidade Nova de Lis-
boa which compiled an enormous amount of in-
formation on sources of earthquakes.

Among these works mention can be made of
the monographs on revisions of historical seis-
micity in the 17th and 18th centuries (Wagner,
1993; Wagner er al., 1993), and in the 16th cen-
tury (Hennques er al., 1988). At the Instituto de
Meteorologia efforts were made to compile and
analyse the historical seismicity, such as the
work by Moreira er al, (1993}, reviewing the his-
torical seismicity in the Gulf of Cadiz area be-
fore 1 November 1755 earthquake. As men-
tioned before, Moreira (1991) made an overview
of seismicity in Portugal and Cruz er al. (1996}
initiated studies on historical seismicity in Main-
land Portugal until the end of 17th century.

Besides the «Anudrio Sismoldgicos pub-
lished since 1947, studies have been performed
to compile information from different sources.
Two examples from late 1980 - early 1990 are
the catalogues by Martins and Mendes-Victor
(1989) and Sousa et al. (1992). To guanufy
earthquake parameters from macroseismic in-
formation, Oliveira and Sousa (1991) made a
first contribution to reduce subjectivity in treat-
ment of historical data by introducing the con-
cept of guality factor when analysing the large
earthquake events in the Lower Tagus River.
Paula and Oliveira (1996) revised all data from
the «Anudrio Sismolégicos, transformed the in-
formation in the earher EM5-92 scale and ap-
plied a guality factor for a better definition of
Mmacroseismic intensity.

The Instituto de Meteorologia is preparing a
catalogue, to be published possibly in 2004, of
all earthquakes between 1980 and 2000, includ-
Mg MACTOSEISMIc events.

For the Azores, several recent studies have
been produced in relation to macroseismic cat-
alogues. Among them, reference should be

n

_n

made to the work of Nunes Costa (1986) who
recently compiled historical events for the
Archipelago and to Silveira (2002) which made
a contribution on historical seismicity for the
evaluation of the hazard in San Miguel Island.
Sousa and Martins (2000) made a comparison
between the seismic parameters of important
events from different catalogues for the Azores
(Portuguese and international) and produced a
first version catalogue used for hazard studies
in the region. Nunes er al. (2003; 2004) have re-
vised many documents and compiled a large
amount of information; besides analysing the
elements contained in the «Anudrio Sismologi-
cow and in the work of Nunes (1986), they men-
tion 2 large amount of historical references
transcribing the original texts. They gathered
the documentary sources from the authors who
dedicated most of their lives to the history of
the Azores and also revised the information
contained in newspapers.

5. A macroseismic catalogue for Catalonia
(NE Spain)

An example of a catalogue compiled accord-
ing to modern criteria, in particular those estab-
lished within the above mentioned BEECD proj-
ect (Albini and Stucchi, 1997, http://femidius.mi.
ingv.itBEECD) is the one by Susagna and Goula
(1999) for Catalonia. The geographical area cov-
ered is a rectangle in NE Iberia between Longi-
tude 0°20'W to 3°30°E and Latitude 40°N to
43°30'N (fig. 1). Tt covers Catalonia and sur-
roundings, in particular the Central and Eastern
Pyrenees region, both Spanish and French parts.
This Catalogue is part of a project of the Institut
Cartografic de Caralunva for assessing earth-
quake hazard, vulnerability and risk.

This Catalogue. which is based on macro-
seismic data, is the result of a long process
(Susagna et al., 2001) that includes: i) consid-
eration of the existing earthquake compilations,
representing the most significant information
sources; 11) incorporation of the results from the
studies carried out in recent years referring to
the historical earthquakes; 1ii) re-assessment of
the macroseismic questionnaires corresponding
to the earthquakes during the 20th century, and
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v} construction of a database which facihtated
the critical comparison between the different
sources. One of the results is a homogeneous
parametric catalogue, which comprehensively
represents all the available seismic information
for the rezion under study,

An epicentre guality index and an infensity
guality are given for each event together with
the common macroseismic parameters; the
number of macroseismic observations used for
the focal parameters assessment is also reported.

The Catalogue contains 918 individual
records, one for each catalogued event. Out of
them, 306 records correspond to events before
1900; 612 correspond to events after 190(); and
58 earthquakes, considered in former compila-
tions as real events, have been qualified as false
or doubtful. Out of the remaining 860 earth-
quakes, 258 events do not have assigned inten-
sity due to the lack of sufficient information.

The most interesting part of the Catalogue is
the individual information for each earthquake,
which shows the value of the parameters chosen
from the aforementioned analysis. A map with all
intensity data point information is also included
for a total of 109 earthquakes. As a synthesis, the
Catalogue includes several maps of epicentres, in
particular one with the known earthquakes that
have caused damage throughout history (intensi-
ty equal to or above VII MSK) and another with
all events of intensity equal to or above ¥ which
occurred in the 20th century.

6. A new earthquake catalogue for the
Iherian Peninsula

The recently published new catalogue by
Martinez-Solares and Mezcua (2002) consti-
tutes a revision of the former catalogue from
the Institwte Geogrdfico Nacional (IGN) by
Mezcua and Martinez-Solares (1983) for the re-
gion inside the rectangle A in fig. 1.

According to the authors of this catalogue,
in the time interval between the publication of
these two catalogues — 20 years — problems in
several records had been detected, mainly du-
plications, fake earthquakes, errors in epicentre
locations and inaccurate intensity assessments
together with lack of available references for
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some catalogued events. For the revision of the
Catalogue, an evaluation of each one of the en-
tries has been undertaken through an analysis of
all the available documents in the IGN archive
which contains published studies, internal re-
ports, copies of contemporary sources, elc.
Each document was referenced with a number,
which was included in the earthquake database.
All available data for each earthquake were
then analysed and the corresponding parame-
ters and quality factors for the epicentral inten-
sity and location assigned.

A code explaining the modifications in the
different parameters in this catalogue with re-
spect to the former Mezcua and Martinez-So-
lares (1983) 15 given, For each catalogued event
the number of data points with macroseismic
information is indicated together with the bibhi-
ographic references.

The catalogue includes tables and maps
showing 1ntensity data points for the earth-
quakes with epicentral intensity equal to or
greater than VIII (EMS 98) or for those with at
least 15 data points available. The equivalent
moment magnitude is computed following the
Bakun and Wentworth (1997) methodology.

A comparison of the number of entries be-
tween this new catalogue and that of 1983 is
shown in fig. 2. On the one hand, there is an in-
crease n the number of events of low intensity,
due to the inclusion in the catalogue of detailed
studies such as those mentioned for the 19th
and 20th century by Rodriguez de la Torre. On
the other hand, some of the largest events de-
creased the value of I, as a result of intensity re-
evaluations.

7. Earthquake databases

Several attempts to provide the scientific
community with data easily accessible through
organised databases have been made by various
institutions in Spain and Portugal, but up 1o
now most of these projects have not been com-
pleted and databases are essentially working
systems mostly for internal use in seismologi-
cal centres.

The Institwto Geogrdfico Nacional (1GN)
maintains various computer files organised with
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Fig. 2. Comparison of the number of events for each intensity class contained in the catalogues of Mezcua and
Martinez-5clares (1983) and Martinez-Solares and Mezcua (2002) for the period 1000-1900,

database structures. The historical earthquake
data available in digital form are:

— earthquakes parametric file;

— bibliography, references;

— tsunamis on the Spain’s coast;

— tistorical instruments:

— SOMe MAacroseismic questionnaires,

Some digital seismic cartography is also
contained in the IGN digital archives; geo-ref-
erenced isoseismal maps from Mezcua (1982)
and maps with geo-referenced macroseismic
information as given in the recent catalogue
from Martinez Solares and Mezcua (2002).
Works to establish a more complete database
with all the available macroseismic information
are currently being carried out.

The Instituto Andaluz de Geofisica v Pre-
vencion de Desastres Sismicos has in operation
a database of historical earthquakes in Andalu-
cia (South Spain) which includes parametric
data, macroseismic information and isoseismal
maps (Feriche and Botari, 2002).

The Institut Cartografic de Catalunya has a
database with the intensity data points of all the
earthquakes in the area of the catalogue from
Susagna and Goula (1999). A computer file

with the catalogue parametric data is available
from the 1CC web site (http://www.icc.es).

Nunes et al. (2004) prepared a database
with the available information on Azores earth-
quakes for the period 1850-1998, and published
it on a CD-ROM. Simoes (2004) is now prepar-
ing the first Internet version of a catalogue of
the Portuguese earthquakes.

8. Final remarks

It can be considered that the history of
earthquake catalogues in the Iberian Peninsula
starts with the occurrence of the 1755 Lisbon
carthquake. Since then, many authors have been
involved in the collection and analysis of past
earthquakes. In this paper, the leading works
have been presented and the main references
given.

Efforts have been made in the recent
decades to review the macroseismic informa-
tion and to improve earthquake catalogues.
However, there 15 st1ll a need to carry out stud-
ies on specific historical earthquakes and to
take some of the existing — published and un-



Antoni Roca, Arancha Trquierdo, Carlos Sousa-Oliveira and Jose-Manuel Marlinez-Solares

published — works, review them under modern
acknowledged procedures, that 1s. through an
objective classification and analysis of reliabil-
ity of sources, and a well-stated and jusufied
methodology for interpreting historical data.

There is also a need to establish current
policies to incorporate the validated research
works into the national catalogues and databas-
es. Very often the period of time between the
publication of new research works on historical
earthquakes and the corresponding changes in
the institutional databases — through a neces-
sary validation process — is too long.

Given the unquestionable importance of ob-
served intensities [or attenuation studies which
are crucial for earthquake hazard and msk as-
sessment, databases with intensity data points
should be constructed and made available to the
technical and scientific communities.

Many earthquakes take place on border ar-
eas and thus, for these regions a transnational
collaboration is clearly needed. It would be de-
sirable to increase this collaboration at Euro-
pean level with Northern Africa countries in or-
der to go towards a cooperative Euro-Mediter-
ranean database.
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