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The November 23, 1980 Irpinia earthquake:
an analysis with the new procedure
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Abstract

The macroseismic data for the Irpinia earthquake of November 23, 1980, have been re-examined in the light
of new procedures of automatic intensity determination created at the ING, with the intention of rendering
degree assignation more objective. Beside the advantages offered by the automatic procedures in terms of
time saving, the system has allowed statistical evaluation of the differences in intensity values, previously
determined by individual studies. With the use of an adapted data filter, it was possible to remove ail
incidental or casual components, and therefore make an effective evaluation of the real differences between
the two methods, giving a more objective representation of the effects.

Key words seismology — macroseismic question- casion of the earthquake, new intensity esti-
naires — statistics mates were made using the automatic proce-
dure. The macroseismic field thus obtained
was then compared to those previously pro-
posed by Bottari er al. (1982) and by Post-
pischl et al. (1985) (fig. 1 and 2).

1. Introduction

The disastrous Irpinia earthquake on No-
vember 23, 1980 (Ms = 6.9) was surely one
of the strongest events which affected Italy 2. Procedure for the evaluation

over the centuries, causing the death of about of macroseismic intensity

3000 people, total destruction of 15 towns and

the enormous damage to buildings within a ra- In 1980 the ING had a network of corre-

dius of approx. 50 km from the epicenter. spondents who collected information regarding
The numerous epicentral locations, indicat- earthquake effects on people, things and envi-

ed by various authors using diverse techniques ronment, using macroseismic questionnaires.
(see table I), agree, generally, in placing the The network was essentially made of the sta-

epicenter on the eastern side of Monte Mar- tions of the «Arma dei Carabinieri» (Police
zano, in the vicinity of the town of Laviano, force) spread throughout the country. On the
which was completely raised to the ground. occasion of the November 23, 1980 earth-

In this paper we present a re-examination quake, considering the particular gravity of the
of the numerous macroseismic data available event, the information on macroseismic effects
relating to that earthquake, in the light of au- were obtained both from the questionnaires
tomatic procedures of intensity evaluation, above mentioned and from a detailed report
which has been in operation at the ING since compiled on site by specialized technicians
1989. From the replies contained in the mac- from the ING.
roseismic questionnaires, gathered on the oc- The questionnaire used in 1980 consisted
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THE IRPINIA EARTHQUAKE
OF NOVEMBER 23, 1980

Compiled by
D. Postpischi, A. Branno,EG.I. Espasito
G. Ferran. A. Marturano, S. Porfido,
V. Rinaions, M. Stucchi

15%st

Fig. 2. Macroseismic field for the Irpinia earthquake (after Postpischl et al., 1985).

of 62 questions relative both to the MCS and
MSK scales, for the degrees from III to X
(Favali et al., 1980). The omission of defini-
tions relating to the degrees XI and XII is jus-
tified by the fact that the valuations of these
two degrees are based almost exclusively on
the effects produced on .the environment.
Therefore, those effects were reported sepa-
rately in the special questionnaires compiled
by the ING technicians.

The intensities evaluated from the macro-
seismic questionnaires show traces of subjec-
tivity, which create difficulties in the interpre-
tation of the phenomenon. With the aim of re-
ducing this, the ING introduced the use of an
algorithm (De Rubeis and Gasparini, 1990;
Tertulliani et al., 1990a) which was extensive-
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ly tested, even on cases of historic earth-
quakes, rendering the evaluation of intensity
for individual questionnaires as objective as
possible. In the light of these recent develop-
ments, it was proposed that the new automatic
procedure of evaluation of intensity would be
applied to the questionnaires of the Irpinia
earthquake of 1980, using only the replies rel-
ative to the MCS scale, which would be more
adequate for the typical Italian buildings.
The algorithm used for the assignment of
intensity degree for each questionnaire, works
through a weighted mean, in which the
weights for each degree are reduced as a func-
tion of the presence of an affirmative reply
relating to the degrees superior to one being
examined. The intensity /, for each question-
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naire, is obtained using an average weight
such as
k
Zi=1 Pl
k
Zi=l Pl

1= (2.1)

where /, is the macroseismic degree relative to
the replies with index i, index 7 = 1 is attribut-
ed to the maximum degree, and P, are
weights. The latter are calculated in the fol-
lowing way:

W,
W ¢

i=1

where

R» i—1 R
w,=—|]a-- 2.3
=D H( D) 23)
R; is the number of replies given for each de-
gree and D, is the number of questions rela-
tive to the degree i, present in the question-
naire. The weight P, evaluated in (2.2) is just
the probability assigned to a determined de-
gree, that is

P=1 (2.4)

-

i=1

_ The error € associated with the estimate of
I is obtained from the equation

k
g=[la-r
i=1

and expresses the probability that the degree
estimated is incorrect.

Because of the reason that it is possible to
have n macroseismic questionnaires for each
location, each one of those with an intensity
and an associated error

(2.5)

I, &; 1, &; ..; &

the problem of assignment the intensity de-
grees to a determined site arises. The evalua-
tion of the final intensity 1, for each locality is
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effected through a similar equation to that of
(2.1), in which the weights P, are derived from
(2.2), keeping in mind that

W,=1-%g (2.6)
(Taylor, 1986; Davis, 1986; Vajani, 1974). If
one result of the measurement is less precise
than another one, its weight is diminished and
also its influence. The uncertainty of the esti-
mate of [, is given by

n 1
. = \n
& = <H 8:’)
i=1

3. Analysis of macroseismic data
from November 23, 1980

2.7

For the realization of this study, replies
contained in macroseismic questionnaires, sent
out to the correspondents of the Istituto
Nazionale di Geofisica after the earthquake of
November 23, 1980 were used, as well as
those inquiries made on site by ING techni-
cians. This makes together over 600 question-
naires that cover the western and central re-
gion of the Italian peninsula, from Umbria to
Calabria. Among those, about 450 data for the
locations with the intensity greater than V de-
gree on the MCS scale have been re-examined
in this study and the replies contained therein
have been treated with the current automatic
procedures of intensity evaluation, described
above.

The intensity field that results from the re-
examination of data is reported in fig. 3.
However, as can be observed and must be em-
phasized, the tracing of isoseismals was not
carried out; even considering the fact that the
technique of the isoline stays unreplaceable
for the immediate visualization of the effects,
it still remains susceptible to subjective inter-
pretation. It was held opportune to report on
the map only the distribution of intensities as-
signed to each location to eliminate other
probable sources of subjectivity. In the com-
parison between intensities obtained and mac-
roseismic fields available in literature (Bottari
et al., 1982; Postpischl et al., 1985), it is pos-
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sible to show that the locations with the maxi-
mum degree of intensity (X MCS), compared
with them corresponding ones in previous
studies, generally do not display significant
differences between intensity values obtained
with the automatic procedure and the proce-
dure used previously.

4. Filter procedure

Once the problems on data interpretation
have been overcome and macroseismic de-
grees automatically assigned, it occurs (as in
the example in fig. 3) that the intensity values
presented are irregularly distributed over the

territory. Other uncertainties emerge if all pos-
sible errors that influence the regional macro-
seismic signal are taken in account (those
which are accidental and owing to local fac-
tors). Among the errors considered for an in-
habited center, there are the so-called «local»
errors: the interpretation of damage, the differ-
ent characteristics of the buildings, the effects
of site etc. In order to obtain a regular distri-
bution of points from the original data and to
represent only the information due to the
earthquake (eliminating from the macroseis-
mic data the «local» errors), a filter procedure
was introduced. Utilizing the trend analysis,
the filter smooths the data, thus giving a rep-
resentation of the hypothetical regional trend
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Fig. 4. Filter behaviour (relative fit) versus the radius of circular windows for different trend degrees.
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of the macroseismic field. According to this
procedure, already experimented in the macro-
seismic studies of recent events (Tertulliani et
al., 1990a; De Rubeis et al., 1992), the repre-
sentation of these two components of the mac-
roseismic signal is given in the equation

L=f. y»)+ E (4.1
where x, and y, are the geographic coordinates
in kilometers of the i-th point, /, is the intensi-
ty value and & is the local contribution. The
regional component f(v.y) is estimated as an

approximation to the polynomial series of var-
ious degrees, according to

10.08
S.58
9.68

8.5
.86
7.58
7.808
6.50
6.008
5.50
5.6808
4.568

fen= Y axy

s

4.2)

where p is the polynomial order, r and s are
two positive integer numbers that represent all
possible combination of exponent of x and y
giving the degree less or equal to p, a,, are the
coefficients of the equation for every pair of r
and s: this equation is the base of the wrend
analysis which has been applied in many ar-
eas of Earth science. Generally the distribution
of the intensities is estimated with surfaces of
gradually increasing degrees of (4.2), choosing
the most suitable degree on a statistical basis.
The application of a single wrend surface to

Fig. 5. Filtered values of macroseismic intensilies for the original duta.
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the entire macroseismic field did not appear
advantageous, in the first stage it used elevat-
ed degree surfaces ( > 5) in order to obtain
values of fir barely sufficient. The technique
used is therefore based on the repeated use of
many irend surfaces of a given degree, large
enough to include a sufficient number of data
and to permit overlap with adjacent points on
the grid: in this way ecach original datum par-
ticipates in more #rend surfaces.

With the reduction of the area on which
each single frend analysis is conducted, fewer
data points are used, in favour of a greater
simplicity of calculation. Once the coefficients
of the various trends are calculated, only the
central points of the surfaces considered are

IRPINIA
INT MACR

used for estimation, so reducing the conse-
quences of border effects. Another character-
istic of the filter is its great flexibility: in fact,
varying the degree of the surfaces and the
range of influence, the effect of the filter itself
can be dosed. Ranges of little value and large
surface degrees give similar estimations to
those of the original data, obtaining a little fil-
tered definitive result; however, extending the
ranges so that each point of the grid contains
all original data, and at the same time adopt-
ing zero degree (giving, simply, the average
value of the original point), a flat level is ob-
tained equal to the average of all the macro-
seismic intensities: the filter effect is then at
its greatest. As criterium for the choice of the

Fig. 6. Filtered values of macroscismic intensities derived by automatic procedures.
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parameters, a relative goodness of fit was de-
fined

A

2 Z—-Z)
y =1 = W (4.3)
i =1(Z; — Z)

Fay
where Z; are the calculated values, Z, are the
original values, while Z is the average of all
the n1 data. In this preliminary phase the analy-
ses are not centered on the junctions of the
grid, but only on the original data. The de-
nominator expresses the maximum filter ac-
tion equivalent to zero degree with a range
large enough to permit each center to include

all the original values. Plotting the values of
for each polynomial degree and for various
ranges, a similar pattern to that of fig. 4 can
be noted: after a sharp fall of fir, it can be
noted that the slope of every curve (expecially
those relative to 2nd and 3rd order) tends to
be more horizontal with the increasing of the
radius of windows; this can be interpreted as a
relative greater resistance of the original data
to the large radius filter respect to small radius
values filter. It can be held that, the resist-
ance is owing to the presence of the regional
component (regional macroseismic signal).
The degree of the surface and the range of
influence are chosen in order to safeguard the

Fig. 7. Residuals map obtained subtracting the original intensity values (traditional procedure) trom the
data got by means of automatic procedures.
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regional component, eliminating the local one
that, for its characteristic, is sensitive to a fil-
ter acting with small radius values. Where the
density of original data is too low for the cal-
culation of a partial surface, it is not carried
out, leaving that portion of space empty. Op-
erating this way, the tracing of the isoseismal
is substituted with the definition of a filtered
field, significant only in the zones of suffi-
cient data density, and with values relative on-
ly to the regional component of the macro-
seismic field. On the basis of results obtained
(shown in fig. 4), filter parameters equivalent
to a second polynomial degree and a 20 km
range were adopted for the earthquake of No-
vember 23, 1980.

Figures 5 and 6 show the filtered values of
the intensity attributed by the ING operators
with traditional methods for the earthquake of
1980 and those obtained in the course of the
present study through the automatic proce-
dures above described respectively. For both
fields the same filter was used in order to
compare only the regional components of the
fields. From the comparison of the two figures
it can be observed that in the data set obtained
with the automatic procedure (fig. 6) there is a
notable diminution of the areas of VI and VII
degrees (represented in green) in favour of the
area of V (blue). The difference between the
two fields shown in fig. 7 (residuals), was ob-
tained by subtracting the intensity values cal-
culated in 1980 from those determined using
the new procedure.

In this figure, the colours correspond to
various differences in intensity. Negative re-
siduals, that are zones coloured green and
blue, indicate areas in which the intensities are
less in respect to the corresponding intensities
calculated in 1980. Positive residuals are in-
dicated by various colours from yellow to red.
A prevalence of blue and green areas is nota-
ble, which indicates the general tendency to-
wards diminution of intensity degree. It may
also be seen that the presence of positive
anomalies localized in the zone around the ep-
icenter underlines another difference between
the two interpretations; in fact, the pattern of
the traditionally obtained data (fig. 5) shows a
less accentuated anisotropy in respect to the
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one of the automatically produced data (fig. 6).
The latter presents an obviously lobate struc-
ture.

5. Conclusions

From the interpretation of figs. 5 and 6 it
can be affirmed that the intensity values ob-
tained by automatic procedure show, in gener-
al, a good agreement with the estimates made
by the experts (traditional procedure), allow-
ing a greater objectivity in the assignation of
intensity and in semplifying the operation. In
addition it should be noted that differences in
the intensity field still remain; they are geo-
graphically well localized and not attributable
to casual factors or correlated to errors of in-
tensity valuation. Finally, it can be seen that
the distribution of errors is not dependent on
the distance from the epicenter and does not
follow either the trend of the macroseismic
field, nor that of the differences. It is possible,
to state that an estimation of the macroseismic
field can be obtained with the automatic pro-
cedure of intensity evaluation and with the use
of filter techniques. This procedure, presents a
good correspondence with the traditional sys-
tem, and it allows the demonstration of pat-
terns of macroseismic phenomena that can
help better understanding the correlations with
geophysical and geographical parameters.
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