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Abstract

To comply with nuclear safety requirements, an in-depth research program for the revision of existing catalogues
was initiated back in 1974. The priority of the partners involved in the SISFRANCE project was to establish the
most exhaustive documentary databank in order to construct an intensity macroseismic database, concerning
both epicentral and punctual observations. The architecture of the SISFRANCE database is presented. The strength
of this parametric database is the attribution of reliability coefficients at all levels of interpretations going from
the documentary sources to the final intensity estimate. To ensure homogeneity of the database, a general guide-
line was defined. The resulting macroseismic relational database SISFRANCE contains 65000 intensity observa-
tions attesting to the existence of 5283 earthquakes (575 with I, = VI) that have been felt on the French metro-
politan territory over the past one thousand years. Thanks to the homogeneous methodology and to the contin-
uous collaboration between BRGM, EDF and IRSN for the past 30 years, SISFRANCE is today a reference data-
base and a key tool for seismic hazard assessment.

Key words SISFRANCE database — macroseismic his- (Vogt, 1979; Vogt, 1981; Levret, 1987; Lambert
torical seismicity and Levret, 1996; Lambert et al., 1997).

The purpose of the database was to collect

and archive all the information pertaining to

1. Introduction earthquakes that have been felt on French met-
ropolitan territory. The SISFRANCE database
The development of the French nuclear proposes a complete description of earth-
power program in 1974 imposed a better quakes going from the documentary sources
knowledge of seismicity. To comply with nu- all the way through the quantification of the
clear safety requirements, an in-depth research intensity observations. The strength of this
program for the revision of existing catalogues parametric database is the attribution of relia-
was initiated. This resulted in the creation of bility coefficients at all levels of interpreta-
SISFRANCE: a relational database containing tions going from the documentary sources to
parametric information on French historical the final intensity estimate for all events irre-
seismicity covering about a thousand years spectively of their size.

After a brief recollection of the historical

context that motivated the creation of sIs-
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since the mid-seventies is presented through a
comparison between the initial Rothé (1977)
earthquake catalogue with the one extracted
from the SISFRANCE database.

2. Historical context

At the time of the development of the
French nuclear power program, the seismicity
felt on the French metropolitan territory was
known primarily on the basis of the work of J.P.
Rothé, who compiled a number of different cat-
alogues. For the events of the 20th century,
Rothé’s catalogue is based on macroseismic in-
quiries of the Bureau Central Sismologique
Francais (Annales and Annuaires de I’Institut
de Physique du Globe de Strasbourg). For the
events prior to the 20th century, Rothé’s cata-

logue gathers mainly previous catalogues estab-
lished by Perrey (1845), Montessus de Ballore
(1906) and other regional and local compilers
(e.g., Villette, 1905; Pallassou, 1815) that were
unfortunately built with insufficient historical
critical analysis and with only a limited number
of references for the documentary sources. Un-
der the request of EDF, J.P. Rothé classified the
events both geographically (according to their
location) and chronologically.

The resulting unpublished catalogue pro-
vides for each event that mostly occurred in the
20th century: the date of occurrence, epicentral
location, estimated epicentral intensity, the
punctual intensities and some references to the
documentary sources. Figure 1 illustrates the
state of knowledge of the French historical seis-
micity at the beginning of the SISFRANCE proj-
ect. The events of the instrumental catalogue

Fig. 1. State of knowledge at the beginning of the SISFRANCE project. Seismicity (M = 4.5 and I, = VI) report-
ed in the historical (Rothé, 1977) and the instrumental (CEA/LDG seismicity: 1962-1973) catalogues.
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(Laboratoire de Détection Géophysique,
Bruyeres le Chatel, France) that occurred be-
tween 1962 and 1973 are also superimposed.

Only a few events with a magnitude greater
than 4.5 were reported in the instrumental cata-
logue. On the other hand, many events with an
epicentral intensity greater than or equal to VI
were reported by Rothé (1977) highlighting
some important active structures, mainly in the
south east part of France and along the Italian,
Spanish and to a minor extent the German bor-
ders. Although France appeared as a country of
low to moderate seismicity it seemed to be oc-
casionally subjected to historically strong
earthquakes.

3. Objectives

To comply with nuclear safety requirements,
it was necessary to revisit the catalogues. Three
French institutions were concerned, the BRGM
(French geological and mining research board),
the IRSN (French institute for radioprotection and
nuclear safety, formerly CEA atomic energy com-
mission) and EDF (French electricity board),
joined their efforts. A research program was
launched under the direction of J. Vogt with a
common objective: produce the first comprehen-
sive seismotectonic map of France (Vogt, 1981;
Goguel et al., 1985; Vogt and Massinon, 1985).
One of six work packages that this project en-
tailed, was the construction of a macroseismic
database of all earthquakes felt on the French
metropolitan territory (the SISFRANCE database
was originally named SIRENE).

Seismic hazard for nuclear installations is
based on a deterministic approach. This approach
relies entirely on the estimation of the strongest
intensities that a nuclear site could be submitted
to (see RFS-2001 for the most recent text). The
priority of the partners involved in the SISFRANCE
project was thus to establish the most exhaustive
intensity and documentary database, and to qual-
ify all the information (for more details see Gode-
froy et al., 1990; Godefroy and Levret, 1992). The
raw and interpreted data were clearly separated
allowing an easy update of the intensity evalua-
tions (fig. 2). The different modifications of the
SISFRANCE database were discussed annually and
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validated by the three partners. The consensual
nature of this approach, albeit tedious, has paid
off in the long run, because it led to a very ho-
mogenous evaluation of the intensity observations
from the first through the second level of inter-
pretation (fig. 2).

4. Methodology

To ensure the homogeneity of the database,
the SISFRANCE partners defined a general guide-
line as follows:

i) Search for all the sources referenced in
previous catalogues, with Rothé’s catalogue as
a starting point;

i1) Find new sources for all events that
could be found in regional, municipal, occa-
sionally parochial archives. Contemporary
national or regional press journals were also
searched. Perform a critical analysis of the
documents by taking into account the histori-
cal, geographical and political contexts of the
time. Archives of neighbouring countries
were also consulted for the events that were
felt in metropolitan France.

iii) Evaluate all the punctual intensities ac-
cording to the MSK-64 intensity scale (Medvedev
etal., 1967).

iv) Attribute a degree of reliability to the
documents and the different estimates.

v) Upgrade the database on an annual basis.

The working group had to face several
types of difficulties when re-analysing the
original catalogues used by J.P. Rothé in his
compilation. First of all, it was important to
distinguish between real and false earth-
quakes. In the early modern period, the natu-
ral phenomena (storm, landslide, earthquake)
were all referred to as «terremotus» which
was a source of confusion. A classic example
of a problematic earthquake is the 1227
event. Due to a 16th century compiler’s mis-
take between the locality of Salins (Savoy)
and «Salviens», an antique tribe in Provence,
southeast France, a landslide that occurred in
Savoy at the end of 1248 became a major
1227 earthquake in Provence.

Concerning the Middle Age events and ac-
cording to Alexandre (1990) who collaborat-
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Fig. 2. Schematic relational links of the different levels of data interpretation (adapted from Stucchi, 1993).
Based on the documentary sources archived in the databank, the intensities are evaluated at different sites using a
given macroseismic intensity scale. The spatial distribution of the intensities is used to define the epicentral loca-

tion and epicentral intensity.

ed closely with the working group, 75% of
the data contained in the catalogues for this
period (e.g., Rothé, 1977; Perrey, 1845) were
misinterpreted. Confusion was partly due to
the use of different calendars in different re-
gions. This problem remains today in some
existing catalogues of the Mediterranean
countries. An example of an event that was
eliminated because of calendar mistakes is
the 15 February 1154 and 5 February 1156
events, which correspond in fact to the 18
January 1155 Burgundy event. Confusion
came also from name of localities that were
wrongly transcribed.

In the 17th century, the word «Curensi»,
relative to the city of Chur, located in
Switzerland, was transposed as «Turonensi»,
associated with the town of Tours (Lambert et
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al., 1997). It was thus assumed that a destruc-
tive earthquake struck the city of Tours in
1295 whereas in reality, it occurred in
Switzerland.

5. Quantifying

First level of interpretation — The intensity
evaluation results from: i) a classification of
buildings (typology and degree of damage) and ii)
a statistical analysis of the distribution of the de-
gree of damage for each building typology. In the
SISFRANCE database, the intensities were estimated
following the statistical methodology proposed
by the MSK-64 intensity scale divided into 12
discrete degrees. Although half-degrees are not
often considered, they were introduced in the in-
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tensity evaluation. The presence of a half-degree
implies that either the intensity is uncertain (qual-
ity B or C) or the statistical evaluation is clearly
midway between two intensity levels (quality A).
Since information on materials and building tech-
niques are very rarely available, it was necessary
to assume a likely typology (based on the histori-
cal context of the area). A second difficulty came
from the estimation of the intensity based on only
a single building (e.g., church, castle, and con-
vent). In such cases, when possible, we rely on
complementary information by studying traces of
past earthquakes on private houses still existing to
this day (Quenet and Levret, 2000; Rideaud and
Levret, 2000, 2002).

Second level of interpretation — Isoseismal
contours are then plotted by hand, ensuring the ex-
clusion of abnormal intensities. The epicentral co-
ordinates are computed using the barycentre of the
isoseismals of maximal intensities (/max Or Imax -1).
The epicentral intensity is taken either equal to the
largest observed intensities, when well distributed
data is available, or is deduced from attenuation
laws, mostly for off-shore epicenters.

These methodological choices (/,, half-de-
gree, single building description, quality factor)
can be illustrated through the interpretation of a
few sources relating the 6 October 1711, Loudun-
Moncontour earthquake (SISFRANCE, 2001; Bau-

mont and Scotti, 2003). This is one of the
strongest events known in the Poitou region, felt
from Nantes to the West, to Le Havre to the
North, and Limoges to the South. The most de-
tailed evidence of the severity of the shock comes
from Loudun (VII-VIII Qgus=B), Moncontour
(VII-VII Qobs = B), and Saint-Jouin sur Marne
(VIT Qobs = B). Considering Moncontour for ex-
ample, the text (Archives communales, Moncon-
tour, 1711) mentions several collapsed houses, in-
cluding that of the priest, which corresponds to a
damage degree reaching 4 or 5. Assuming a build-
ing class A, this translates into intensity VII or VI-
II. Due to the vague terminology used in the text
to describe the number of buildings affected, it is
not possible to distinguish between these two
evaluations. This uncertainty is therefore convert-
ed into a half-degree estimation (VII-VIII) ac-
companied by a weaker quality factor (Qobs = B).
The uncertainty in intensity evaluation is exacer-
bated when the description of damage concerns
only one building. This is the case in Saint-Jouin
sur Marne where the only source available relates
damage occurring only to the abbey (Chronique
de Henri Duplessis de Paumard). The description
of the damage corresponds to a degree 3: four col-
lapsed chimneys, open fissures in the vault and
most of the window frames and doorframes. In
this case, the building typology is assumed to be

Table I. The number of data present in the different tables of the SISFRANCE 2001 database subdivided by qual-
ity factors. Void refers to events for which no epicentral intensity could be estimated.

Quality factor Epicentre IoBs Isoseismal
Qly Qloc Qlogs
A 204 203 16440 101
B 942 333 46814 599
K 11 - -
C 643 224 2471 184
D - 1772 - -
E 214 436 = -
I 1172 2315 - -
Void 2097 - - -
Total 5283 5283 65725 884
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of type B judging from what remains today. The
minimal intensity in Saint-Jouin is thus assumed
to be VII with a degraded quality factor B to re-
flect the single-building evaluation for this locali-
ty. Finally, the epicentral location is assumed to be
at mid-distance between the highest intensity lo-
calities (Loudun and Moncontour), which are
separated by 20 km (Lambert, 2003). To reflect
the uncertainty of about 10 km in this estimation,
a quality B is attributed. The epicentral intensity
is assumed to be equal to the highest intensity ob-
served but with a quality factor of B (constrained
only by a few sparse observation points).

Third level of interpretation — Due to its
consensual nature (three partners), it was decid-
ed to only provide intensities. Nevertheless,
source parameters (magnitude, depth) have
been determined for 140 events (Levret ef al.,
1994) but are not calculated within the frame-
work of the SISFRANCE project.

6. The SISFRANCE database: architecture
and content (2001)

SISFRANCE has been managed through a rela-
tional database since 1986 (Godefroy et al.,
1980; Godefroy and Levret, 1992) using the
same architecture and applying the same
methodology. The BRGM manages the database
on a UNIX server via Oracle-8 and a GIS inter-
face. The BRGM is responsible for the system-
atic search of documentary sources, their inter-
pretation and the intensity assessments. The re-
sults of these studies can be found in BRGM in-
ternal reports. In depth research, focused on spe-
cific events important for the safety of nuclear
plants, were also conducted with teams of spe-
cialists from several neighbouring countries, in
the framework of programs sponsored by the
Commission of the European Communities
(CEC) or the International Atomic Energy
Agency (IAEA). The following case studies are
examples of such focused research: the 1909
Lambesc, Provence earthquake (Levret et al.,
1986), the 1428 Catalonia, 1564 and 1644 Alps,
earthquakes (Lambert, 1993), the 1580 Strait of
Dover and the 1382 North Sea earthquakes
(Melville et al., 1996), the 1356, Basel, Swiss
earthquake (Mayer Rosa and Cadiot, 1979), the
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1799 Bouin, Bretagne (Levret et al., 1996; Scot-
ti and Levret, 2000) and 1887 Ligurian earth-
quake (Scotti and Levret, 2000), the 1708
Manosque, Provence earthquake (Quenet, 2001;
Quenet et al., 2003), and the 1704 Poitou earth-
quake (Quenet and Levret, 2000; Rideaud and
Levret, 2002). In all cases, the working group
meets yearly to discuss and validate these inter-
pretations before updating the database.

The simplified conceptual model of the re-
lational database is presented in fig. 3. The
main table is the event table (EVTSIRENE), which
exists if at least one observation (OBSIRENE) ex-
ists. Each observation refers to a locality (LO-
CALITES) and at least one bibliographic refer-
ence (BIBLIO, DOCUMENTS). The observations
are then plotted on a map and the epicentral
characteristics (intensity and location) of the
event are deduced (EPCSIRENE). The database
contains 5884 events including 458 doubtful
and 143 false earthquakes. For the 5283 true
earthquakes, 575 have an estimated epicentral
intensity equal to or greater than VI MSK (280
with QIE = A, B, K and 295 with QIE = C, E, I)
and 2545 have an unknown epicentral intensity.
Some 65000 intensity observations describe
seismic events dating as far back as one thou-
sand years.

The originality of this parametric database is
the attribution of reliability coefficients at all lev-
els of interpretations going from the documentary
sources to the final intensity estimate. Concerning
the documentary sources, reliability coefficients
have been attributed based on a number of criteria
(original source or copy, direct or indirect testimo-
ny, level of precision and of exaggeration). As
summarized in table I, SISFRANCE attributes to the
estimated epicentral location a quality factor from
A (certain and reliable) to I (isolated intensity ob-
servation, insufficient, not to be used as epicentre
location). It also qualifies the estimation of the epi-
central intensity from A (well defined) through E
(doubtful evaluation), I (isolated intensity observa-
tion) and K (calculated from an attenuation rela-
tionship). It is clear that the quality of this infor-
mation is directly related to the spatial sampling
and the reliability of the intensity data points in the
epicentral area. The epicentral intensities are
therefore to be considered with care, the uncer-
tainty on their value being often of half a degree or
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Fig. 3. Structure of the relational database SISFRANCE: from the (1) documentary sources, describing an event
(2) in the different localities, the evaluated intensities (3) are plotted on a map, and (4) the epicentral parameters

are deduced (from Godefroy et al., 1990).

more. Similar quality factors are used to describe
the reliability of the OBSIRENE table, the ISOSEIMAL
table (see table I) and the BIBLIO table. Moreover,
in the OBSIRENE table, there are different codes that
qualify the physical phenomena that may have af-
fected the locality associated with the intensity ob-
servation: effects on water wells, landslide effects,
site effects and so on. These codes are meant to
alert the users that the evaluated intensity observa-
tion may have to be considered with great care. A
careful selection of the data on the basis of these
codes is necessary before analysing the data for
magnitude estimates.

In 2000, the historical database became
partly available to the public via Internet
(www.sisfrance.net). Only the most reliable ob-
servations are available online. As far as possi-
ble, the original documents are also available
on the Internet site, irrespective of their associ-
ated quality factors.
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7. Evolution of knowledge since Rothé’s
catalogue

Thanks to the continuity of the project over
recent decades, numerous events are now
known on the basis of 10 or more intensity ob-
servations, reaching on average 60 observations
when focused research was conducted. For ex-
ample, the 21 June 1660 event, which was
known before the seventies on the basis of only
three observations, is today described by 70 in-
tensity observations (Vogt, 1983). Furthermore,
since Rothé’s catalogue, 94 new events with
I, = VI were discovered on French territory
(fig. 4a), 33 with [, = VII. Among the events in
Rothé’s catalogue for which no epicentral in-
tensity was evaluated, 70 of them are now re-
ported in SISFRANCE with an estimated epicen-
tral intensity, although two thirds of them re-
main badly constrained (23 with QIE = C and
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Fig. 4a,b. Comparison between the original Rothé catalogue (Rothé, 1977) and the present day catalogue ex-
tracted from the SISFRANCE (2001) database for real earthquakes that occurred in France before 1962 and for which
the epicentral intensity, I, is greater than or equal to VI: a) events with an estimated /, that were added to the data-
base (all qualities are considered). Fourteen quakes listed in Rothé’s catalogue were identified as fake events; b)
changes in the epicentral intensity evaluation for events with QIE A and B.
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Fig. 5. State of knowledge in 2002. Historical (extracted from SISFRANCE (2001) database) and instrumental seis-
micity recorded in French catalogues (CEA/LDG 1962-2002). Historical events are represented by the squares
when the epicentral intensity evaluation is sufficiently reliable and by crosses when it is considered uncertain.
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methodology applied to evaluate the intensity,
the epicentral intensities were re-evaluated for a
better consistency. Figure 4b shows the evolu-
tion of epicentral intensity for the most reliable
epicentral estimates (I, = VI and QIE A and B).

The differences of evaluation between the
SISFRANCE database and Rothé’s catalogue
(1977), remains overall symmetrical and cen-
tred on 0. Most of the changes are smaller than
half-degree, which can be considered as the
minimal uncertainty of the epicentral intensity
evaluation. However, it can be noticed that 50%
of Rothé’s I, = VII-VIII or VIII were augment-
ed by half degree, whereas 50% of I, = VIII or
VII-IX were reduced by half degree. Figure 5
shows a map of the most significant earth-
quakes (M = 4.5 or I, = VI) reported in the his-
torical and instrumental French catalogues the
present day. It is remarkable that the instrumen-
tal catalogue in 2002 does not show any moder-
ate magnitude seismicity in Central France and
in the Strait of Dover whereas clearly the his-
torical catalogue shows several earthquakes
generating intensities greater than VI for the
past centuries. The comparison of fig. 1 and 5
shows that in the 1970’s, the main active zones
were already well depicted by the historical
seismicity. Naturally, thanks to the efforts con-
ceded in the past 25 years, the seismic activity

o] m1-2 .
" =39
& 40 0 10-24
“g ] O025and more
o} e intensity points
o)
5 20/

101

16th  18th 17th  16th

15th

Fig. 6. Analysis of the database for real events with
epicentral intensities = VI: A great number of events
are only known through less than 10 data points. The
number of events decreases as a function of time.
The change observed between the 17th and 18th cen-
turies marks the appearance of the printed sources.
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of these zones is now better quantified, but most
importantly better qualified. Indeed, for half of
the events (I, = VI), the epicentral intensity is
still poorly constrained, particularly in Central
Western France.

8. Perspectives

Although the SISFRANCE database could be
further improved for instance by explicitly dis-
tinguishing primary and secondary sources in
the bibliography, by allowing the user to access
the interpretative study (from the sources to the
intensity quantification) for at least the most
important events, by far, the main challenge is
to find new strategies to improve our knowl-
edge concerning the numerous important earth-
quakes (/, = VI) for which only a few observa-
tion points are available (fig. 6).

There is little hope of improving our knowl-
edge through medieval archives: there are only
a few and they have already been well exploit-
ed (as a means of comparison, the number of
French medieval sources is only half of those
available for the single town of Venice, Italy).

The most fruitful period to focus research may
be the 16th century to the 19th century where the
French National archives provide 118000 units
(before 1789). The press, which gave rise to
abundant information, has already been widely
explored, however, this period is also rich in man-
uscripts and administrative archives that are wait-
ing to be thoroughly exploited because they may
contain valuable documentary sources.
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