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Abstract
The assessment of the completeness of historical earthquake data (such as, for instance, parametric earthquake
catalogues) has usually been approached in seismology – and mainly in Probabilistic Seismic Hazard Assessment (PSHA) – by means of statistical procedures. Such procedures look «inside» the data set under investigation and compare it to seismicity models, which often require more or less explicitly that seismicity is stationary. They usually end up determining times (Ti), from which on the data set is considered as complete above a
given magnitude (Mi); the part of the data set before Ti is considered as incomplete and, for that reason, not suitable for statistical analysis. As a consequence, significant portions of historical data sets are not used for PSHA.
Dealing with historical data sets – which are incomplete by nature, although this does not mean that they are of
low value – it seems more appropriate to estimate «how much incomplete» the data sets can be and to use them
together with such estimates. In other words, it seems more appropriate to assess the completeness looking «outside» the data sets; that is, investigating the way historical records have been produced, preserved and retrieved.
This paper presents the results of investigation carried out in Italy, according to historical methods. First, the
completeness of eighteen site seismic histories has been investigated; then, from those results, the completeness
of areal portions of the catalogue has been assessed and compared with similar results obtained by statistical
methods. Finally, the impact of these results on PSHA is described.

peace with such an issue, seismologists – and,
among them, those who make massive use of
statistics – need to master it in some way.
Although obviously incomplete, Parametric
Earthquake Catalogues (PEC), or historical
earthquake datasets, such as those widely described in this volume, supply a picture which
represents most of our knowledge of the past
seismicity. Past seismicity is one of the keys for
predicting future seismicity; therefore, the more
reliable picture of the past we have, the more
successful prediction of the future we expect to
perform. This issue invites one to assess how
representative the picture we get from the catalogue is with respect to the «true seismicity».
This question can be answered – in principle – in several ways. For instance, we are sure
that the total energy release described by a
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1. Background
Among investigators working in historical
seismology, or making use of this type of data,
the assessment of data completeness is a typical
problem that seismologists deal with – or, better, create – while historians find hard to understand. Of course, historical records are not complete; however, while historians can live in
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PEC over a certain time-interval and above a
given threshold magnitude (M ≥ Mt) represents a fraction of the «true» energy released
in the same conditions; we might then be happy to estimate that this fraction is, say, 1/3
rather than 1/2, or 2/3. For certain purposes,
on the other hand, it seems more useful to assess the time-interval for which this fraction
approximates the value of 1. In this case we
speak in terms of assessment of (time-intervals
of) data completeness.
This paper mostly deals with the last issue,
which is commonly addressed by statistical
analysis performed in the perspective of Probabilistic Seismic Hazard Assessment (PSHA). It is
to be stressed, however, that the problem of data
representativeness is not frequently addressed by
other types of analysis, such as the comparison
between the strain release assessed by geodetic
and seismological data over long time-intervals

(centuries). In this case the gap between the two
values is often accounted for as due to non-seismic deformation, with little reference to possible
seismological data incompleteness.
While addressing this issue, some aspects of
the general problem will also be discussed.
2. The problem, common solution and some
objections
The problem we want to solve is the following: how can we assess the time-interval(s) during which seismological data derived from historical records are complete
above a given Mt?
Historical-seismological data can be represented on a time scale in many ways. Figure
1a-d shows the seismic histories of some localities, that is, the sequences of earthquake effects

a

b

c

d

Fig. 1a-d. Seismic histories of (or macroseismic intensities reported at): a) San Francisco, CA, US, b) Montreal, Canada (from US Earthquake Intensity Database, http://www.ngdc.noaa.gov/seg/hazard/eqint.html);
c) Ica, Peru (from CERESIS, 1985); d) Verona, Italy (from DOM4.1, Monachesi and Stucchi, 1997).
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a

b

Fig. 2a,b. a) Seismic history of Southern Italy; b) cumulative strain release computed for events with Ms ≥ 5.5
of the Italian CPTI catalogue.

reported for those localities in terms of macroseismic intensity, as derived from the relevant
macroseismic databases. Figure 2a gives the
seismic history of a large area (Southern Italy),
in terms of magnitude; fig. 2b the cumulative
energy release for the whole Italian PEC
(Working Group CPTI, 1999).
A look to these graphs invites a number of
questions, among which – for instance – are the
following: a) did San Francisco suffer intensity 11
MM only once, and Montreal intensity 9 MM
two times, since their foundation?; b) is the gap of
data of Ica (Peru) in the 18th century due to seismic quiescence or lack of historical records?; c)
how would we feel if we neglect the seismicity
around Verona before, say, 1600, because we
think that the data are not complete?; d) which are
the completeness time-intervals in Southern Italy
for M ≥ given thresholds?; e) does the plot of fig.
2b suggest something?
Actually, it is a common practice to answer
such questions looking at the graphs themselves
assuming for instance that: i) completeness at
Ica starts after the gap, because this is likely to
be a gap in the historical records;
ii) completeness for large events starts in
Southern Italy before 1660 and shortly after

Fig. 3. Seismic history of Southern Italy and completeness time-intervals used by Slejko et al. (1998).

1600 for the whole Italy, as from the corresponding jump in the slope of the plot.
However performed, completeness assessment usually ends out with time-intervals
which go from some Ti to present: often these
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time-intervals are made very short in order to
ensure completeness. Time-intervals can be
plotted in the form of a broken line (fig. 3): in
the common use the line becomes a true divide,
which separates the «complete» world (right of
it) from the «incomplete» one (left), usually
bound for oblivion.
The approaches described above have
been made more robust by the use of statistical methods, some of which will be recalled
later. They have a common point: they want
to infer how complete the data are looking inside the data themselves; and this point shows
some inconsistencies, both from the historical
and the seismological points of view. Factors
which contribute to the wealth of historicalseismological data are mainly of external origin and concern how, where and for what purpose historical records have been produced,
preserved and investigated; the evaluation of
these factors is a typical historical problem
which requires historians’ expertise and
methods. After all, the problem is similar to
the completeness assessment of the data produced by a seismic network; to assess how
complete they are above a given Mt one
would mainly investigate whether and how
long some seismic stations were out of order,
and how this affected earthquake detectability and parameter determination. One would
not normally infer it from the records of the
network only.
On the other hand, when looking inside the
data one has to compare – in a more or less
open way – the pattern of one’s data to some
model in which one trusts. The above-mentioned approaches make reference – explicitly
or not – to a stationary seismicity model,
which may be representative over large areas
and time-intervals but definitely fails over
small areas and time-intervals. This is even
truer in areas where seismicity is low or moderate and where faults are slow in comparison
with the time-window spanned by the catalogue.
In order to avoid shortcomings or inconsistent assumptions, historical approaches
should be used. Before moving to this, let us
examine how the problem is dealt with in
some cases.

3. Some current solutions
Following the former considerations, one
would expect that most PEC or earthquake
databases carry some completeness information
so to assist users. In the reality this is hardly the
case; this fact leaves users helpless in front of
the task, and they usually get out of this situation adopting some statistical approach. This also implies that traces of completeness assessment – if any – are to be found in seismic hazard literature more than in catalogues. A complete review of the existing solutions is out of
the scope of this paper: in the following, some
examples are recalled, going from contributions
dealing with the completeness of the parametric
catalogues to those choosing a historical approach to evaluate the completeness of historical records for a region or a country.
It is a general issue that statistical approach
to completeness assessment started with the
work by Stepp (1972), which had a number of
followers. The paper by Albarello et al. (2001)
clearly describes basic assumptions, pros and
cons of the approach and quotes the main literature on the subject, such as Kanamori and Abe
(1979), Perez and Scholz (1984), Mulargia and
Tinti (1985), Rotondi et al. (1994). It also offers
the most recent and advanced attempt to assess
the completeness with a statistical approach
which analyses the seismicity patterns around a
given site. It then applies it to one of the Italian
PEC (NT4.1, Camassi and Stucchi, 1997) and
performs a preliminary comparison of the results with some historical background considerations. For the first time results are associated
to uncertainty estimates.
Although not directly suitable for catalogue completeness evaluation it is worth
mentioning the analysis method by Kijko and
Sellevoll (1989, 1992) to obtain GutenbergRichter relation parameters and maximum
magnitude from an earthquake catalogue that
can be partially incomplete. This method is
applicable on a set of data composed by a first
part of catalogue derived from historical
macroseismic observations, a lack of information (no data) in the central part of catalogue
and a final part obtained from recent instrumental observations.
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Fig. 4a,b. a) Homogeneous regions and (b) relevant completeness time-intervals (Ms versus time) used by
Slejko et al. (1998).

In Italy, the completeness of the NT4.1 catalogue was assessed by Slejko et al. (1998)
with a statistical/pseudo-historical procedure
which consisted of dividing the whole Italian
territory in 4 regions, assumed as homogeneous
from the historical side, and then performing
stationarity tests in order to identify the periods
of completeness (fig. 4a,b).
For Switzerland, the 1999 version of the
MECOS catalogue (MECOS, 1999) available online,
gives estimates of completeness for the whole
country (epicentral intensity versus time), without explicitly mentioning the used approach (fig.
5a,b). The MECOS (1999) estimates are recalled in
the introduction to MECOS-02 (Swiss Seismological Service, 2002), the updated version of the
macroseismic catalogue. The «completeness»
section of MECOS-02 contains historical considerations on the availability and retrieving of documents for the Swiss territory through time and
space. However, these arguments are not clearly
linked with the estimates attributed to eight Swiss
regions, performed for varied time periods and
epicentral intensity values.

By comparing the regional estimates of
with the previous of MECOS (1999) it
emerges that for some of the eight regions the
situation for I0 =8 is today more conservative.
As an example, according to MECOS-02 in the
Luzern region the catalogue is considered complete for I0 =8 from 1600 onwards (fig. 5a), and
for the regions of Wallis/Valais (fig. 5b) and
Tessin roughly from 1500, while for MECOS
(1999) the completeness for I0 =8 and I0 =9 for
the whole country started on 1300. It is worth
noting that for some regions MECOS-02 states
that completeness for all epicentral intensity values cannot be assessed for some time-intervals
and epicentral intensities values, mostly on the
basis that no primary sources have been found
(an example is shown in fig. 5b for Wallis/Valais
between 1600-1679).
The completeness of the catalogue for the
U.K. territory is shortly discussed in the introduction to Musson (1994); more at length in
Musson and Winter (1996). The completeness is
assessed from both statistical and historiographical points of view. From the first type of conMECOS-02
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Fig. 5a,b. Completeness time-intervals (I0 versus time) for MECOS-02: a) Luzern region; b) Wallis/Valais.

1875 a merely convenient choice, adding that prior to that year reporting of seismicity in the study
area was random and sporadic. His evaluation of
the 100 years of the second period are based on
the comparison between the observed and computed frequency-magnitude curves.
Dealing with the seismicity of Quebec
(Gouin, 2001) the author evidences some gaps in
the reporting of events between late 17th century
and early 19th century. The only reflection on
completeness is made by comparing the number
of events in the historical period with those reported in the 1990s.
In a very interesting and paradigmatic paper, which did not reach the great international
circuit, Agnew (1991) investigates the completeness of the pre-instrumental record of
earthquakes in Southern California, analysing
the historical sources of the region, comparing
the content of varied compilations and proposing some case-histories.
After a contribution with a very stimulating
title (Musson, 2000), Musson et al. (2001) published some results of a research of seismicity of
the Faroe Islands, an isolated area with low seismicity and about which no previous studies had
been made. After a thorough investigation of historical sources, some considerations are supplied

siderations it is concluded that the UK catalogue
can be considered complete after about 1830 for
ML ≥ 4.0, and after about 1720 for ML ≥ 4.5, although with regional variations. The authors also conclude that the statistical results are «generally consistent with what might be expected
from a historiographical approach».
On the historical side, this aspect is being increasingly addressed, with attempts of the authors of giving an idea of how exhaustive the investigation can be considered or what more one
can expect to find, and with growing attention to
the investigation of unknown earthquakes.
The importance of being aware of the limitations of historical records in assessing «how
complete and representative a sample of seismic activity has been recorded» is underlined
by Ambraseys and Melville (1982) in their volume on Persian earthquakes. The evaluation of
completeness is here supported by describing
from which places and which types of historical
sources one can expect to find for four unequal
time periods, from 7th to 19th century.
In his «Earthquake History of Ethiopia and
the Horn of Africa», Gouin (1979) deals with the
completeness of the information by dividing the
available observations into two periods: 14001874 and 1875-1974. He defines the break at
664
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on the capacity of records and the significance of
their absence in seismological terms. In this case,
time-intervals could not be assessed in terms of
magnitude, but of peak intensity values at a significant inhabited area.
Some attempts at considering this problem
from a historical perspective are present also in
some other papers in this same volume, and especially in the contributions by Toppozada and
Branum (2004) on California, by Tatevossian
(2004) on Russia and by Downes (2004) on New
Zealand.
Summarising, the above recalled examples
show that there is no common current solution. In
defining the completeness time-intervals for assessing seismic hazard, the statistical approach
has been recently used in combination with considerations coming from the historical side. On
the other hand, a more properly defined historical
approach has been increasingly used by investigators for selected regions and countries. However,
the main goal of the latter contributions is still to
explore how historical sources survival and their
investigation is affecting the «incompleteness» of
the existing catalogues, more than immediately
using the results for PSHA purposes.

All these contributions offer useful results;
however, they remain on a qualitative side,
which often prevents seismologists from trusting them completely.
4.1. Investigating the completeness of site
seismic histories
In the view of overcoming such difficulty and
of establishing a semi-quantitative approach, in
the last few years a group of historians and seismologists turned their attention to the assessment of the completeness of site seismic histories. The basic idea was: a) to consider a locality, together with its set of historical sources, as a
kind of «seismic recorder» and to assess the
completeness of the seismic records concerning
the locality; b) to infer from it, or from the results
on a few localities, some conclusions on the
completeness of the data concerning areas.
The investigation was performed in 2001
(Albini et al., 2001), with the financial support
of the National Seismic Survey of Italy, on fifteen localities (fig. 6a) selected according to the
following criteria:
i) To have suffered a site intensity Is ≥ 8 MCS
at least once.
ii) To be «important» enough, so that a good
historical sources coverage could be expected in
the considered time-window (1200-1870).
iii) To be located in areas with preference to
low-to-moderate seismicity.
Three further localities, Treviso, Asolo and
Belluno, were investigated in 2002, in the frame
of the research sponsored by the project «Damage scenario at Vittorio Veneto» of GNDT, the
National Group for Defense against Earthquakes
(Albini and Stucchi, 2002; Albini et al., 2003).
The main goals of the investigation were:
a) To find out new earthquake records leading
to Is ≥ 9 MCS, unknown with respect to the seismic
histories obtained from the available datasets
(Monachesi and Stucchi, 1997; Boschi et al., 2000).
b) To understand the reasons why such
records could have been lost.
c) To assess potential information gaps.
It must be said that the available resources
allowed a good and rigorous, although not exhaustive, investigation.

4. The historical approach in Italy
The problem we are discussing is well known
to Italian investigators since many years ago.
Traces of this thread are found in many published
or conference papers which, although not openly
addressing it, went around varied aspects, such as
the finding of unknown earthquakes, etc. The historical approach to completeness is briefly dealt
with in Guidoboni and Stucchi (1993), a contribution in the frame of the GSHAP project, in a
comprehensive perspective in Stucchi (1995)
and, concerning the Italian town of Siena, in
Castelli and Albarello (2000). The search for unknown earthquakes and the results obtained is reported by Albini and Rodriguez de la Torre
(1993) for periodical press in 18th century Europe, by Castelli and Camassi (2000) with the
support of some case histories, and from a comprehensive point of view by Valensise and
Guidoboni (2000) and Mariotti et al. (2000); and
surely many more could be mentioned.
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Fig. 6a,b. a) The 18 localities where the completeness of the site seismic histories was investigated. b) Completeness start times at the investigated localities for site intensity Is ≥ 8 MCS (squares), Is ≥ 9 MCS (diamonds),
Is ≥ 10 MCS (circles).

Goals a) and b) were achieved by investigating historical sources and compilations
which:
1) had contributed to the known seismic
histories;
2) had not contributed to, so far.
The main result was that no unknown earthquake records leading to Is ≥ 9 MCS were found
for the eighteen localities. In addition, a few
cases (locality/events) were investigated, where
no records were available for intensities of
comparable size predicted by means of attenuation relationships. The results were: i) for a few
cases (2) new earthquake records were found,
leading to intensity assessments lower than predicted; ii) for another four cases no new records
were found, but the predicted intensities were
probably overestimated because of a bad fit of
the attenuation relationship with the data of the
corresponding earthquake; iii) in one case (Sulmona, 1315) no records were found; this fact
contributed to fix that the completeness should
start later than this date.

Goal c), the main one, to assess completeness and potential information gaps, was
achieved by comparing category 1) (historical
sources which contributed to the known seismic histories) and category 2) (newly investigated historical sources), and assessing conclusions from both of them. Briefly, the investigation was mainly devoted to exploring the
time periods where no earthquakes were reported; the main goal was to assess whether in
those periods the historical sources reported
other events, either natural or political, or did
not report any event at all. In the first case, the
historian’s expert judgement was able to assess
when «no earthquake records» could be interpreted in terms of «no earthquake took place».
The investigation was initially foreseen
with reference to Is ≥ 9 MCS, because it is believed that historical considerations useful for
this purpose apply mainly to the range of heavily damaging to destructive effects. Actually, a
heavily damaging earthquake is not an «instant» event, but something which leaves last666
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ing traces in the life of the affected territory. It
seems reasonable to affirm that in most cases
such traces were recorded by the historical
sources in the Italian region from about 1200
on, with a few exceptions only. Therefore, our
point was to investigate where and how such
sources were preserved and/or earthquake
records transmitted to us by the compilers. At
the end it was possible to supply results also
for Is ≥ 10 MCS and Is ≥ 8 MCS.
The results are given in fig. 6b; they show
how varied the completeness time-intervals
are, even within short distances.
Summarising, it can be concluded that this
approach appears promising and able to give
reliable constraints to the completeness assessment. As for many scientific issues it can
be performed according to either an expeditious or an intensive approach; in the first
case one can obtain many clues in a shorter
time, although with a lower reliability; in the
second results are better but larger resources
are needed.

4.2. From sites to areas, from Is to M,
from high to low M
At conferences the results presented above
were observed with sympathy by seismologists, who soon asked for more localities/datapoints, and when the results in terms of catalogue completeness (time-intervals for M and
areas) would be available.
More datapoints would cost money and
time; therefore, to make our data usable for
PSHA purposes we need to extend them. This
requires performing three steps: a – from sites
to areas; b – from site intensity to magnitudes;
c – from high to low M.
Step a (extending point data to large areas)
requires lot of care, as we are not dealing with
measures of physical quantities; on the contrary,
we deal with point data which have individual
roots and might have only weak relationships
one to another, over small areas. Having data
from eighteen points only, the areal extension
was performed by expert judgement, using the

a

b

Fig. 7a,b. a) Homogeneous regions and (b) average relevant completeness start times for I0 ≥ 9 MCS or
Ms ≥ 6.0 (full diamonds), superimposed to the data of fig. 6b.
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b

Fig. 8a,b. a) Homogeneous regions; b) broken lines representing the final completeness time-intervals (Ms versus time) in the five regions.

wealth of information and expertise acquired by
historians during the last years, although not
formalisable according to our schemes, yet. The
expert judgement was first used to define five
regions (fig. 7a) which, according to historical
considerations, may be taken as sufficiently homogeneous from the point of view of historical
record production and preservation. As an example, during the Middle Ages and the early
Modern Age, the Alpine region in the north and
the mountainous Calabria region in the south,
with sparse settlements and a relatively small
amount of local documents survived, can be
compared to the regions of the central and eastern Po Valley, the history of whose Communes
and Lordships is well documented by local and
highly reliable chronicles. Then, the expert
judgement was used to adopt a most reliable
areal value for the beginning time of completeness, starting from the value obtained for the localities. It is to be stressed that the choice of the
localities was performed for other reasons than
this investigation; therefore, their distribution
appears rather uneven with respect to the re-

gions (for instance, there was one locality only
in Sicily and none in the Alps). Results are presented in fig. 7b and confirm that conservative
solutions were adopted.
Step b (from site intensities to M) is performed
as follows: the conclusion that Is ≥ 9 is complete at
locality X since, say, 1400 means that no earthquake effects of that size at locality X are lost after 1400. Such effects can be produced by earthquakes with I0 located at the same locality, or by
earthquakes with larger I0 located in a convenient
area; therefore, using a I0 / M relationship we can
conclude at least that no earthquakes with M corresponding to I0 = 9 (roughly Ms = 6.0 using the
CPTI I0 /Ms table), or larger, happened nearby that
locality in the period considered as complete.
As for step c (from high M to low M), following the issues made above we must conclude that historical considerations cannot be
used for assessing the completeness of slightly
damaging effects (I0 ≤ 7 MCS and corresponding Ms ≤ 5.0). Therefore, the values proposed
by Slejko et al. (1998), assessed according to
statistical considerations were adopted with
668
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sites closest to our localities, and assessing a
mean, weighted value of their results over the
five regions adopted in this paper (fig. 9a,b). Results shows that, for I0 = 9 MCS at least, statistical time-intervals are steadily shorter than historical ones, with the exception of two cases:
i) Crema, because of a significant gap in the surviving local documentation between 1100 and
1450; ii) Melfi, which represents an anomaly of
unclear origin in the statistical results.

small adjustments. Figure 8a,b summarises the
results in terms of completeness time-intervals
for the five regions of fig. 7a.
5. Validation
As explained, these results are based on
good although scanty data points and, therefore,
may suffer from some uncertainty in relation
with the areal extension and the assessment of
the most representative value for each area.
There is little hope to assess the reliability of
these results with conventional methods; however, we can perform some rough estimates.

5.2. Constraining the estimation of the «true
seismicity»
As said before, we do not have a method for
estimating the fraction

5.1. Comparison with statistical assessment

F = CS/TS
where CS = seismicity in the catalogue and TS =
= «true» seismicity, the latter remaining undisclosed.

A first, although preliminary, comparison
can be made with the results published by Albarello et al. (2001), both using the data for the

b

a

Fig. 9a,b. a) Sites (stars) investigated by Albarello et al. (2001) closest to the 18 investigated localities; b) completeness start times (I0 ≥ 9 MCS) at these sites, adapted from authors’ results (empty triangles), and average start
times in the five regions (full triangles), superimposed to the data of fig. 7b.
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Fig. 10. Comparison of the cumulative NT4.1 catalogue (Camassi and Stucchi, 1997) (CS, full triangles) over
1000 years with the virtual, cumulative catalogues obtained by the historical completeness time intervals (this
paper; VS1, open circles) and the statistical one (Slejko et al., 1998; VS2, full squares).

Although TS is not known, as a matter of
fact we estimate it in PSHA from the completeness time-intervals by assessing the seismicity
rates (number of events of a given M divided by
the time-interval). If we project the seismicity
rates over – for instance – 1000 years, which is
more or less the time-interval spanned by the
Italian catalogues, we get the number of events
which «should have happened» in 1000 years,
under the common assumption that the seismicity rates are representative; in other words, that
the seismicity is stationary, that is the current
assumption adopted in most PSHA cases.
Figure 10 shows: a) the cumulative earthquake distribution of the NT catalogue (Camassi
and Stucchi, 1997) in 1000 years, that is CS; b)
the cumulative earthquake distribution in 1000
years which comes projecting over 1000 years
the seismicity rates derived by sets of completeness time-intervals of fig. 8 (let us call it «virtual
seismicity» VS1); c) the cumulative virtual seismicity VS2 obtained projecting the seismicity
rates used by Slejko et al. (1998).
The gap between VS1, or VS2, and CS, represents at any M the number of earthquakes that
should be missing from the catalogue if all the

basic assumptions are right; fraction F is given,
at any M, by the values of CS divided by the
values of VS1 or VS2.
Although most investigators could live in
peace with almost any large gap or small fraction
at any M (after all, catalogues are incomplete by
definition!), the size of the gap between distribution CS and VS2 attracted the attention of Stucchi
and Rebez (2000) and, later, of Stucchi and Albini (2000). Actually, this gap is about 97-55 = 48
earthquakes with Ms ≥ 6.4 (F = 0.56) and 329134 = 195 earthquakes for Ms ≥ 5.8 (F = 0.4).
In other words, this would mean that the
Italian catalogue knows only a half or less
than the presumed, total number of earthquakes of the same size which should have
happened in 1000 years. This rate, very poor
for a country where the historical catalogue is
widely considered as a very good one, is hard
to believe from the historical point of view,
too.
Considering distribution VS1, obtained
from the completeness intervals determined in
this investigation, versus CS, the figures go
down to 19 = 74-55 earthquakes with Ms ≥ 6.4
and 53 = 187-134 with Ms ≥ 5.8; the correspon670
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ding values of F are 0.74 and 0.71, which seem
more reasonable although a bit high, still.
A more detailed analysis shows that the
number of earthquakes which contribute to the
gaps described above are not evenly distributed
in space but show higher peaks in Southern
Italy. This shows, in our opinion, that the completeness time-intervals determined for that region are very severe and/or that seismicity is
there even less stationary than in the other areas. In general, gaps are higher in the areas
where strong events took place recently. We do
not go into details about this here: this analysis
has the scope of exploring the possibility of
constraining the completeness time-intervals by
means of the mentioned gaps, the size of which
can be roughly compared with evidence suggested by historical considerations.

quantitative methods must be welcome as a step of
PSHA which is frequently overlooked (or casually
dealt with). Next, it is clear that some considerations proposed above suffer from incorrect seismicity assumptions. However, such assumptions
are behind PSHA conventional methods and they
drive completeness assumptions and methods, too.
We believe that completeness plays a significant role in areas with high seismic activity and
moderate to long return periods of destructive
earthquakes, such as Italy, the Iberian Peninsula
and the Balkans. As an example, fig. 11a,b compares the hazard distributions obtained from data
which give rise to distribution VS1 and VS2, respectively, keeping all the other input data and
using the same code to compute seismic hazard.
It should play a minor role in areas with
moderate seismicity (in Europe north of the
Alps) or very high one (Aegean Arc). In the
first case this is mainly due to the fact that seismicity is low and long-term fluctuations do not
affect conventional PSHA. For instance, Musson (2002) showed that – in a typical moderate
seismicity case – changing expert judgement

5.3. Does it make any difference?
We believe that, in the frame of conventional
PSHA, it may. First of all, more rigorous and semi-

a

b

Fig. 11a,b. Comparison of the PSHA obtained using distributions (a) VS2 of fig. 10 and (b) VS1, this paper,
leaving unchanged all the other input data and using the same code to compute seismic hazard.
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about the completeness changed the final seismic hazard value by 10%.
In the second case, this is due to the fact that
shorter time windows can be sufficient to approach the «true» seismicity pattern.
It is clear that we do not believe that distributions VS1 and VS2 really represent the
«true» seismicity TS. However, at least we
can assess that they overestimate it, may be by
far, and that, therefore, using them we are on
the safety side.

Moroni, M. Mucciarelli, D. Perkins, L. Peruzza,
R.M.W. Musson, R. Rotondi, F. Sabetta,
D. Slejko, R. Tatevossian, G. Valensise, J. Vogt,
G. Zonno. Without their encouragement this
paper would have not come to completeness.
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