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Abstract

Mulagria, F., Gasperini, P. and Tinti, S., 1987. Contour mapping of Italian seismicity. Tectonophysics, 142: 203-216.

The scope of the present work is to identify the Italian seismic regions, toward a better definition of the active

tectonic structures. Spatial filtering is used, together with the recently released PFG-ENEL seismic catalog which
covers the period 1000-1980. Any such approach based on catalog data has to acknowledge that catalog reliability and
resolving power are functions of time and position. These problems, which can potentially lead to an incorrect

regionalization, can be attributed to catalog incompleteness. The effects of the latter are estimated and correlated
through a new approach, which deterrnines the completeness interval from the pIot of the cumulative number of events
versus time, and measures the degree of incompleteness by assuming it to be a function with a continuous first
derivati ve. In this way, ali the information present in the catalog can be used in contour mapping by an appropriate
weighting of incomplete parts in spatiaI filtering. On the other hand, the choice of the weight factors involves some
arbitrary judgement and therefore introduces a bias. In order to reach an objective result, different weighting schemes
covering ali feasible choices are tried, and the final regionalization is concluded to be valid only if it is stable. A fair
stability is obtained and it is henceforth possible to conclude that the seismic regions identified represent an unbiased
picture of the real situation. Interestingly, different areas exhibit a different seismic character, some being capable of
frequent activity but never exceeding moderate magnitude values, and others being characterized by a scarcity of
moderate events combined with the capability of occasionaI large earthquakes.
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Introduction

Italy is characterized by very complicated
tectonics. Generally speaking, the area is
dominated by the collision of the African and the
Eurasian plates. Unquestionable evidence for this
conclusion is provided by the compressive seismic
ity in Algeria and in the Aegean region (e.g.,
McKenzie, 1972; Morelli, 1978; Bath, 1979). How
ever, if little doubt exists concerning the generaI
style, the mechanism of collision at a regional
scale is so complicated that no commonly accepted
interpretation has been derived so far (Scandone,
1979, 1982; Mantovani, 1982; Mantovani et al.,
1985). Considerab1e uncertainty also exists about
the identification of the active tectonic structures.

Due to the peculiar character of Italian seismicity,
which shows comparatively long return times (e.g.,
Karnik, 1971; Caputo, 1981; Mulargia et al., 1985),

this problem is not well constrained even by the
high-quality data produced by modern instrumen
tal networks, introduced only a decade ago. On
the other hand, we can profit from a very large
historic catalog of comparatively high quality. The
purpose oi the present paper is to define a contour
mapping in the Italian region of seismicity (de
fined as mere frequency of occurrence) on the
basis of such data. The recently released Progetto
Finalizzato Geodinamica (PFG)-ENEL (1984)

Italian seismic catalog provides a large database
of over 37,000 events relating to the period
1000-1980 A.D. AlI events, except the ones in this
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century, are located and estimated in size on the
sole basis of macroseismic data compiled by read
ing historical reports. Considerable errors are thus
possible, concerning events which can be broadly
divided into four classes:

(a) Events which are missed since the epicenter
was in a sparsely inhabited region.

(b) Events which are underestimated in size for
the same reason.

(c) Events which are mislocated and under
estimated since the reported damage was referred
to the largest or most important city which felt the
earthquake.

(d) Events which are invented, missed, wrongly
estimated or mislocated in space and/or time,
giving an incorrect reporting of reality.

Error sources in a seismic regionalization from
historic catalog data

AlI of the above error sources limit the preci
sion that can be achieved by a seismic regionaliza
tion by three main error types, as folIows.

Type-l errors

Events nussmg in the catalog result in a re
corded seismicity which is lower than the real one;
by definition, this identifies catalog incomplete
nesso The inclusion of events belonging to incom
plete parts of the catalog affects the regionaliza
tion in the sense that the data on seismicity in
such periods do not portray the correct spatial
distribution of events; this would be appropriate
only in the unlikely eventuality that the missing
events were homogeneously distributed throughout
the territory. The bias introduced into the region
alization is larger the higher the degree of incom
pleteness.

Type-2 errors

Since seismicity is best evaluated according to a
division into magnitude classes, the second source
of errors is incorrect magnitude rating. This is
linked to type-l errors, because a misrated event is
also missing in its actual magnitude class; it enters
another class and affects its population in the
folIowing way.

If the event is assigned a low magnitude it
enters a lower class; the effect is that the magni
tude class of that event wilI have a missing unit (a
type-l error) and appear incomplete, while the
population of the lower class will be increased by
an improper unit and wilI show a higher recorded
seismicity, thus potentialIy affecting any estimate
of completeness based on frequency of occur
rence. In particular, we could erroneously rate as
complete a period which is not, and therefore
interpret as fulIy valid "alien" events which be
long to another magnitude class. However, since it
is welI known that the smaller events are easier to

miss or misIocate, a downward migration among

classes is not like1y to affect our completeness
estimates at lower magnitudes.

If the event is assigned a higher magnitude than
the real one, it improperly enters an upper class.
This affects both the originaI magnitude class,
which has a missing unit and therefore looks
incomplete (type-l error), and the final class, which
has a higher recorded seismicity and can lead to
erroneous conclusions in any algorithm for de
tecting catalog completeness based on frequency
of occurrence. While this is a distinct possibility
because of the tendency of high-magnitude classes
to reach completeness before the smaller ones, the
recently re1eased PFG-ENEL (1984) seismic cata
log included a carefuI check of the originaI sources
for the larger earthquakes so that we can reason
ably dismiss this eventuality. In practice, type-2
errors are equivalent to type-l errors in the origi
naI magnitude class.

Type-3 errors

The third source of errors is event mislocation.

It is re1evant for non-instrumental events (serious
mislocation for instrumental events is unlike1y)
and therefore implies event misrating in magni
tude: in this case the misrating is downward, the
effects being attenuated by propagation, and is
equivalent to a type-2 error.

In conclusion, catalog re1iability and resolving
power for a regionalization are direct functions of
completeness and can be corrected by operating as
folIows:

(1) Catalog data are divided into magnitude



classes, and the completeness problem is solved in
each magnitude class.

(2) Different weighting schemes, covering a
wide enough range to contain all plausible choices,
are applied to account for catalog unreliability in
the incomplete parts.

(3) An appropriate low-pass filter is used to
evaluate the spatial distribution of seismicity, and
contour mapping is carried out for each magni
tude class according to the different weighting
schemes. The results obtained are compared for
stability. li stability is achieved, the regionaliza
tion is well defined; if it is not achieved for one
area, this cannot be included in the regionaliza
tion.

Catalog incompleteness

Catalog incompleteness, which can be generally
summarized as recorded seismicity which differs
from real seismicity, has been treated in the past
by several authors (Knopoff and Gardner, 1969;
Stepp, 1971; Caputo and Postpischl, 1974; Lee
and Brillinger, 1979; Makropoulos and Burton,
1981). While a full discussion of this problem is
beyond the scope of the present work, we have
recently analysed it in detail and developed (Tinti
and Mulargia, 1985a,b; Mulargia and Tinti, 1985)
a new approach with statistical procedures that
can achieve high accuracy and computational ef
ficiency even on small sets of data. However, two
practical reasons prevent the application of these
methods to the present case. First, they require
statistical independence of the data; however,
while the problem of removing dependent events
has not been fully solved, in the present case we
are interested in finding the regions with the
highest seismotectonic activity, whether the events
are correlated or not. Secondly, contour mapping
is an approximate procedure: it would be useless
to determine completeness with high' precision and
then rely on a subjective choice for the weighting
schemes in applying the spatial filtering.

Therefore, we prefer to use a simpler approach,
which nevertheless gives a fairly precise estimate
of the completeness interval and a satisfactory
measure of incompleteness. The new simplified
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procedure to assess completeness, which does not
require aftershock removal, is structured as fol
lows:

(1) Completeness is assumed to be homoge
neous over the whole territory.

(2) Events are divided into magnitude classes,
since incompleteness is known to be a function of
magnitude.

(3) The cumulative number of events in each
magnitude class is plotted as a function of time.
The period with the highest apparent seismicity is
visually identified and taken as complete (Tinti
and Mulargia, 1985a). This usually coincides with
the most recent periodo

(4) The degree of incompleteness before the
complete interval is measured by fitting an ex
ponenti al func~ion to cumulative record ed seismic
ity, i.e.:

d~;t) linCOffiPletepart = ab exp(bt) ex: C(t) (1)

where N is the cumulative number of events, C is
the completeness, a and bare constants normal
ized to achieve continuity in the weights at the
boundary between the complete and the incom
plete intervals, and a uni t weight is assumed in the
complete parto

This approach is based on the fact that the
slope coincides with seismicity, while it is a well
known feature of cumulative plots that "small
systematic changes in the rate of occurrence can
be noticed readily" (Cox and Lewis, 1967, p. 6).
Well known also are the generaI features of the
cumulative plots of record ed seismicity (see Figs.
1-3), characterized by a stepwise increasing trend
with time, and by sudden rises lasting, at most, for
a few years (for example, consider Fig. 1 following
the Calabria, February 5, 1783 I = XI earthquake)
in coincidence with aftershock clusters.

We tested the accuracy and resolving power of
this technique against the two most common tech
niques for estimating catalog completeness, i.e. the
contingency table method (Caputo and Postpischl,
1974), and Stepp's method (Stepp, 1971), which
consists' of a visual check of the parallelism of the
cumulative experimental distribution against the
l/li Poisson (theoretical) standard deviation
curve. A comparison with our refined approach is
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Fig. 1. The cumulative number of events for the magnitude class 4.5 ~ M < 5.0, or maximum intensity VII ~ I < VIII. (b) As Fig. la,
but relative to events with epicenters located to the North of 44.0 o latitude.

not possible, since none of the former techniques
allows any statistical estimates, and this limitation
makes them inapplicable to cases which require a
probabilistic estimate, such as risk studies.
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The test was performed on several simulated
time series. Each set consisted of a sequence of
1000 events following a non-stationary Poisson
process, with the mean changing at given points.
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Fig. 2. The cumulative number of events for the magnitude class 5.0 ~ M < 5.5, or maximum intensity VIII ~ I < IX.
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Fig. 3. The cumulative number of events for the magnitude class 5.5 .;; M, or maximum intensity IX .;; I.

Efficiency under a very noisy input was also
studied by varying the Poisson mean itself within
a ± 100% range, according to a uniform random
distribution. Simulation was carried out using the
inverse probability function and the NAG
GOSCCF random number generator. Several sets
were tried, but the following three are sufficient in
order to present the generaI character of the re
sults: a two-regime series with mean ratios of
1.5 : 1, a two-regime series with mean ratios of 2 : 1

and very noisy input, and a three-regime series
with mean ratios of 4: 1 :0.25 and very noisy
input.

The results of the application of the con
tingency tables, cumulative visual (CUVI) and
Stepp's methods are shown in Table 1 and Figs. 4

TABLE 1

and 5. In all cases, the CUVI method appears
reasonably accurate and superior to both the
classical methods, which are unable to reach defi

nite results. Also note that the exponential form
chosen for measuring incompleteness provides a
satisfactory fit when used with real data (Table 2).

Application of the above procedure to the
PFG- ENEL catalog

Events too small to produce significant damage
(maximum intensity I.;;:; VII, equivalent to magni
tude M.;;:; 4.5: Tinti et al., 1986) have generally
resulted in unreliable reports and are excluded
from the analysis; 1848 events are considered.
Three magnitude classes are chosen: 4.5 .;;:;M < 5.0,

5.0 .;;:;M < 5.5 and 5.5.;;:;M respectively. The in
strumentaI magnitude values are available only for

The years indicate the points of change in seismicity, inferred
according to the various methods of contingency table, Stepp
(Stepp, 1973) and CUmulative VIsual (present work). When no
position can be detected, a "n.d." mark is reported. "Real"
stands for the true position used in simulation when generating
the sets SI-S3 (see text)

File name RealContingencySteppCUVI
tableSI

15941588 n.d.1600
1784?

S2

16321588 n.d.1630
1686?

S3

16001588 16961600
1861

1882 1850

TABLE 2

The values of the regression on the incomplete parts of the
catalog. The function fitted to the cumulative plot is a exp( bt),

where the time t is measured in years normalized to catalog
span in hundredths: t = (year-l000)/100. A uni t weight is
assigned to the completeness C = Nab exp(bt) at the boundary
between the complete and the incomplete intervals. N is the
normalizing factor. Parameters are given together with their
standard deviations

Magnitude ab N

range 4.5.;; M < 5.0 12.85± 1.07 0.428 ± 8.3 X 10-3

4.59xlO-3

5.0.;;M<5.5 12.53±1.09 0.338±1.43Xl0-2 1.29xl0-25.5.;; M

3.41±1.06 0.446±1.lXIO-21.69 X 10-2
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Fig. 4. Cumulative number of events versus time relative to the sets SI-S3 (see text), used in the efficiency test of Table 1. An arrow
indicates the apparent points of change in slope; the real points of change are given in Table 1.

the events of the last century. The other events are
sorted on the basis of maximum intensity I. The
above magnitude classes for the PFG-ENEL cata
log are equivalent, on average, to VII ~ I < VIII,
VIII ~ I < IX and IX ~ I respectively (Tinti et al.,
1986). No class of larger magnitudes could be
used because of an insufficient number of events.

The cumulative plots for the three magnitude
classes chosen are shown in Figs. 1-3. Events with
4.5 ~ M < 5.0 (VII ~ I < VIII) show a regular be
havior (Fig. 1), dominated by a monotonically

increasing trend with time, by the presence of
segments with almost exactly constant slopes (the
periods 1450-1630 and 1680-1780), and by a few
obvious aftershock clusters corresponding to the
February 5, 1783, I = XI, southern Calabria event
and the December 28, 1908, M = 7.0, Messina

earthquake. In fact, in this last case, the high
record ed seismicity continues up to 1930, and
cannot all be ascribed to the aftershock activity of
the Messina event. This is confirmed by the
cumulative plot of events in northern Italy for the
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Fig. 5. Stepp's analysis relative to the sets SI-S3 (see text).
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same magnitude class (Fig. lb), which shows a
similar behavior, in spite of the fact that no large
events occurred in this periodo Thus, we interpret
such a period of high seismicity as a non
stationarity (see also Mulargia and Tinti, 1985).
Nevertheless, this cluster does not affect the pick
ing of the onset of completeness, which we iden
tify at the year 1860. The incompleteness of the
period 1000-1860, measured by fitting an ex
ponential function to N(t) in the incomplete part,
gives the results reported in Table 2.

Figure 2 shows the cumulative pIot of events
with 5.0,;;:;M < 5.5 (VIII,;;:;I < IX); the changes in
slope suggest a very low recorded seismicity before
1260, followed by an abrupt increase up to 1310,
and a subsequent stabilization at an intermedia te
level up to 1710. Following this, the only increase
in seismicity is at about 1860, which we hence
forth interpret as the onset of completeness. A few
high-seismicity bursts are apparent also in this
case (the above-mentioned 1783 and 1908
aftershocks and the 1910-1925 period), in agree
ment with what is found in the lower magnitude
class. Events with 5.5,;;:;M or IX,;;:;I show greater
irregularity (Fig. 3), mostly due to the much lower
number of events (202 here, and 423 and 1223
respectively in the former magnitude classes),
which is insufficient to smooth out fluctuations on
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a short timescale. Three regimes of increasing
recorded seismicity are nevertheless quite clearly
visible: from 1100 (there is virtually no reported
seismic activity in the period 1000-1100) to ap
proximately 1620, from 1620 to 1820, and from
1820 to the present. Completeness is taken to start
at 1820.

Accounting for catalog errors through an ap
propriate weighting scheme

Since the errors in epicentral location are di
rectly linked to incompleteness, the latter can be
used to construct the weighting factors. Although
the functional dependence of epicentral errors on
incompleteness is not known, objective results can
be reached by using a number of different weights,
which exhaust any range of reasonable variability,
and by comparing the relative contour maps in
each magnitude class; then, should these maps
converge to a stable picture, this can be taken as a
reliable regionalization. Should they not converge
for a particular region, no definite conclusion can
be drawn about it, since the result would depend
on the subjective choice of the filter; in this case,
the regionalization would be incomplete.

The dependence on the weighting scheme is
studied by chosing a centraI scheme (W2), which
has been shown to effectively weight events in the
incomplete parts (Tinti and Mulargia, 1985a) with
the form JC(t), and two other schemes (Wl and
W3) that represent the extremes of reasonable
choice. In the above discussion, we found that
reliability and completeness are directly related.
Therefore it would not appear sensible to assign a
higher weight to incomplete parts of the catalog
than to the complete ones. On the other hand, the
number of events in the incomplete parts of the
catalog is by definition lower than that in the
complete parts, so that a "natural" underweight
ing occurs. This can be corrected by assuming that
past events are representative of their time (i.e.
that the seismicity reported in the catalog is a
random sample of the real one), with a weighting
scheme equal to the inverse of incompleteness, i.e.
Wl = ljC(t). At the other extreme, the W3 scheme
assumes zero weight for the events in the incom
plete part, judging them totally unreliable.
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Contour mapping

Contour mapping is effected through an ap
propriate low-pass spatial filter. Gaussian filters
of the type:

where x is the independent variable in the spatial
domain and A is a constant, with an amplitude
response (w being the angular frequency):

Final results and discussion

The contour maps corresponding to the W2

weighting are given in Figs. 6-8, together with the

trade-off between resolution and smoothing. Finer
grids and heavier weights give better resolution,
but a physical lower bound is imposed by the
accuracy in the location of epicenters, which in
our case is, on average, of the order of lO km.
After several trials we found that a grid with a
side d of 0.20 both in latitude and longitude,
together with A = 2/d, provided the best com
promise. This results in quasi-ellipsoidal rather
than quasi-circular equal weight contours, but
causes no practical problems. The countour maps
are generated through a linear interpolation on a
regular grid coincident with the one chosen for the
weighting scheme.

(2)

(3)

A >0

provide an efficient smoothing without introduc
ing either phase shifts (see, e.g., Agarwal and Lal,
1972) or side lobes, and produce very consistent
pictures (see, e.g., Chan and Leong, 1972). A
20-pole Gaussian filter was used in the present
work. In alI low-pass filtering problems, filter
parameters have to be chosen to obtain the best

Fig. 6. Contour mapping of Italian seisnuclty for the magnitude class 4.5 '" M < 5.0, corresponding to the intensity class
VII '" I < VIII. a. Contour mapping corrected for catalog incompleteness according to the Wl weighting scheme (see text). The
cumulative cell population is normalized to 10,000. The contour levels are indicated in tens, i.e. the 2 mark corresponds to level 20.
The following seismic regions are defined: a-the eastern Alps around Belluno; b-the Friuli region; c-the northeastern Garda
Lake; d-the southern part of Emilia, the Romagna and the Mugello regions; e-the coastline north of Ancona; f-the centrai
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Apennines in the Chianti- Valdarno region; g-the centrai Apennines in the Umbria-Marche-Abruzzi region; h-the Colli Albani
region; i-the Cassino region; /-the southern Calabria-eastern Sicily region; m-the Belice region in western Sicily.
b. Difference contour mapping as determined from the catalog weighted according to the W2 - Wl schemes (see text). Note the
instabilities at Veneto (n) and Irpinia (o), which do not allow the identification of these regions.
c. Difference contour mapping as determined from the catalog weighted according to the W2 - W3 schemes (see text).
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maps obtained by subtracting, from the latter
contour, the ones obtained with the other weight
ing schemes. Figure 6a shows the contour map for
the magnitude c1ass 4.5 .;;;M < 5.0. Figures 6b and
c show the differences W2 - Wl and W2 - W3. The
stability in this case is good, with the W2 - Wl

and W2 - W3 maps showing minor differences,
except in two cases, the Veneto and Irpinia re
gions (see Fig. 6b); here the W2 contour map (as
well as W3) does not have a c1uster, but the most
ancient seismicity (the Wl scheme assigns a very
large weight to older events) shows rather well
defined poles, which cannot be inc1uded in the
regionalization. AlI the regions identified show
identical contour values, with the exception of the
southern Calabria-eastern Sicily and Umbria-

Abruzzi regions (see Fig. 6b), which are at a
higher level.

Figure 7a shows the contour map for the 5.0.;;;
M < 5.5 c1ass, and Figs. 7b and c show the dif
ferences W2 - Wl and W2 - W3• The picture is in
this case slightly more unstable with respect to
weighting schemes. The W2 - Wl map is unstable
at Veneto, at the mid-Adriatic coast around
Rimini, and in the centraI Apennine at northern
Marche and north of Cassino (see Fig. 7b), since
alI the other differences in c1ustering are either
small or negative, thus reinforcing the identifica
tion, such as in the Mugello and in the Garda
Lake. The W2 - W3 map is unstable in the
Susa- Pinerolo- Monginevro region (see Fig. 7c).
AIso, in this case, the highest spatial c1usters for
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Fig. 7. a. As Fig. 6a, but relative to the magnitude class 5.0 ~ M < 5.5, corresponding to the intensity clas VIII ~ I < IX. The
following seismic regions are defined: a-the Friuli region; b-the Garda Lake region; c-the northern Apennine from west of
Parma to southern Romagna; d-the centrai Apennine in the southern Umbria and Abruzzi regions; e-the Irpinia region; l-a
small area north of the Gulf of Naples; g-three small areas in northern and mid-Calabria; h-eastern Sicily and the southernmost

part of Calabria; i-the Belice region in western Sicily.
b. As Fig. 6b, but relative to the magnitude class 5.0 ~ M < 5.5, corresponding to the intensity class VIII ~ I < IX. Note the
instabilities at Veneto (I), the Adriatic coastline around Rimini (m), the centrai Apennine in the northern Marche region (n), and the
region to the north of Cassino (o), which do not allow the identification of these regions.
c. As Fig. 6c, but relative to the magnitude class 5.0 ~ M < 5.5, corresponding to the intensity class VIII ~ I < IX. Note the
instability in the Susa-Pinerolo-Monginevro region (p), which does not allow the identification of this region.
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the regions identified occur in correspondence with
the centraI Apennine and the eastern Sicily-south
ern Calabria regions.

With regards to the magnitude class 5.5 .:;;;M,
some instabilities are apparent (see Fig. 8) around
the Garda Lake, in the Garfagnana-Mugello, in
the Cassino region, in Puglia, and at the Belice
region in Sicily. Such a decrease in stability is an
obvious effect of the smaller number of events
considered in this c1ass. Here most of the areas
identified show similar values, but southern

Romagna, Garfagnana, centraI Apennine and the
region north of the Gulf of Naples are at a lower
level.

The few instabilities found are mostly caused
by the Wl weighting scheme which heavily over-

weights the older (and least reliable) events. This
is particularly apparent at large magnitudes be
cause of the relatively small number of recorded
events. On the other hand, in more recent times
these regions exhibited virtually no activity (see
scheme W3), which suggests a wrong attribution or
rating of older events, although a seismic potential
for these areas obviously cannot be completely
excluded. Barring these exceptions, the regionali
zation obtained shows a satisfactory stability and
portrays a well defined mapping of the active
seismotectonic regions of the Italian territory.
While a detailed interpretation of the results is
beyond the scope of the present work, a few
interesting features are apparent. Different regions
show a different seismic character; while some of

Fig. 8. a. As Fig. 6a, but relative to the magnitude class 5.5.;; M, corresponding to the intensity class IX.;; J. The following
regionalization is obtained: a-the Friuli region; b-the region from southern Romagna to northern Umbria; c-the mid-Adriatic
Sea off Rimini; d-the Garfagnana region; e-the centraI Apennine in the Marche-Umbria-Abruzzi regions; l-a small region
north of the Gulf of Naples; g-the southern Apennine from Benevento down to the Gulf of Policastro; h-the Calabria region;
i-the lower Thyrrenian basin; l-eastern Sicily.
b. As Fig. 6b, but relative to the magnitude class 5.5 .;;M, corresponding to the intensity class IX.;; J. Note the instabilities at the
Garda lake region (m), the Garfagnana-Mugello region (n), the Cassino region (o), Puglia (p l, and the Belice region in Sicily (q),

which do not allow the identification of these regions.
c. As Fig. 6c, but relative to the magnitude class 5.5 .;;M, corresponding to the intensity class IX .;; J.
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Fig. 8 (continued).
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them, such as the northeastern Garda Lake and

the Colli Albani, show only c1usters of moderate

magnitude events, others, such as the Garfagnana,

with predominant spatial c1usters of large events,

show an opposite behavior. It is also interesting to

note that since assigning very different weights to

the older parts of the catalog affects the spatial

distribution of active regions in a minor way,

neither macroscopic migrations in seismic activity

nor changes in tectonic character have taken pIace

over the Italian territory in the past thousand

years.

Conc1usions

All of the factors which most seriously affect a

seismic regionalization, i.e. exc1usion, mislocation

and misrating of events, can all be reduced to a

catalog completeness problem. Assessing catalog

completeness through the plot of the cumulative

number of events provides an easy and efficient

way to measure catalog incompleteness. Although

weighting events be10nging to incomplete parts of

the catalog implies necessarily some subjective

judgement, an objective final result can neverthe

less obtained by means of a stability study of the

contour mapping with respect to different weight

ing schemes which cover the reasonable range. An

application to the recent1y released PFG-ENEL

(1984) Italian seismic catalog provides a satisfac

tory overall stability, and allows a reliable identifi

cation of the seismic regions of the Italian terri

tory. Seismicity appears to be concentrated in

self-contained regions. Some regions exhibit a

peculiar seismicity, showing activity only in a

specific magnitude range, while the stability found

with respect to different weighting of the older

parts of the catalog suggests that neither macro

scopic migrations in seismicity, nor changes in

tectonic character, have taken pIace since the year
1000.
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