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The analysis of the catalogus of Italian earthquekes with fntensities Yorger than Y311 from
the year 1448 reveals that between the latitudes 39°N and 41°67°K (exciuwding Apulfa} the
serthquakes occurrad in 15 sequences eich formed by 3 events {n sverage, covering an aversge tim
window of 7 years. The aversge intersrrival tims between the 15t and 2nd event of ssch sequence
being 5 years lad to the tenative prediction of new sarthquakes with moderately large magnitude to
follow 1n & few years the avent of Novesber 20, 1980 (Caputo 1983}, These earthquakes actually
occurred on May 7th and May 11th, 1984 with megnitude 5.8 and 5.2. A more refined analysis reveals
that the distribution of the intererrival times of tha 15 sequencas (s exponential, while the the
intersrrival times of all the events and of the events within the sequences have 4 now axponentis]
distribution . This impiies that after the first sarthquake of & sequence, as (n the case of the
19800 sarthquake, one may foresea the occurrence of other sarthquakes after few years, while it
would be difficult to foreses the occurrencs of a futura sequence of asrthquakes.

The data sets do not allow to foresee the occurrance of the third event of the sequence with g

reltable confidence leve?, these occur with about 463 probability, in sversge they occur within 7

Figare 1 Map of the major 1ineaments of the Italisn region, and of the intersections of the
1ineaments considersd as potentially dangerous. HNusbers in the kuy refar te the following
classification of lineaments, spicenters, boundaries and fntersecticas. Lineaments: 1,2
» first order; 3,4 * second order; 5,6 = third order; I, 3 end § longftudinal, 2, 4and 6
are not expressed in topography. 7, 8, 9 and 10 = epicentars, 11 = uncertain lineaments
(covared by sediments or sea). Intersections: 12 = recognized as D in the basfc variant}
13 = recognized as uncertain in the bastc varfant; 14 = recognized 85 D in the earthouake
future experiment; 15 = not used because the intarsections are on the outer boundaries of
the reglont.
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Introduction
The statistical distribution of earthquake parsmstars has been studied since the beginaing of

modern seismology. [t wes Ishimoto and 1ida (1939) who discoversd that the log of the density
distribution of the magnitude M 13 & Tinear function of W which Yed to the wall known b value.

" Akf {1956) and Knopotf (1964) studied the ssquences of events In catalogues of sarthquakes and
concluded thet they ars non Fofssonian; however Gardner and Knopoff (1974) found that the Caléfornia
sarthquekes with W > 3.8 between 1952 and 1971, after proparly removing the aftershocks, have a
Poissonian distribution, the same 1s valid also for N > 4.3, N> 4.8, N > 5.3; but for N> .8 the
nmber of avents 1s wot sufficiently large to draw any reliable conclusion.

Caputo (1980a, 1982, 1981b) and Caputo Console (1980) studied the statistical distributfon of
the scaler moments N of the linear s12¢ of the faults 1 and of the stress drops p and found that
thetr density diltrlhuum n (Il Yo my(1}, no( p) ave powar taws of W o T and p respectivaly, as e
#od predictad theoretically (Clwto 1976, 1980), and that some of thl the exponents of the powsr
Taws are related.
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whare b {9 obtained from the Ishimoto Tide (1939) empirical law, c2x 1.5 15 the 1lopa of the
empirical Tog momeat-magnitude relation (#.g. Heaks and Kanamorii 1979) and of as wall as v have
besn estimatad by Caputo {1900a, 19000, 1981c, 198ib, 1982, 1985) for severa] seismic regions or
sarthquekes sequences.

Other sxamples of statistical amalysis pertinest to the present note sre given by Caputo
{1981a) who studied the ENEL catalogus of [talian sarthquakes, concluded that the catalogus seems
complate 1n the time intervals givem in Table L and in particular also studied the sefsmicity of
the Southern Appemnines after the November 23, 1980 Irpinia ssrthquake in order to establish the
possibility of occurrence of amothar sarthquake im the same area in the near future. This led to
the tantative supgestiion thet othar sarthquakes of modarste magnitude wey have occurred within
saveral years; which was proved correct by the Mey 7tk 1564 sagnitude N, = 5.8 sarthquake and the
May 1lth 1964 magnitude l| = 5.2 sarthquake which occurred in the SNﬂl-C.ntI"ll Appennines. The

- prasent paper wil] n-'lu the possibility of a fourth sarthquake to occur the same area 1n & nesr

future.

W1\ we dave & fourth gvent in the sequence began in 15807

The recent Novembar 23, 1960 sarthquake 1n [rpinfa occurred in a location which was preyiously

found to be setsmically prone for evests with N3 6.5 in the pattern recognition studies of Caputo .

et al, (1900) (see Fig. 1} and Benvenwti and Caputo {1962), and was preceded by & swarm precursor
{Caputo et al., 1983). For a detailed discussion of the precursors of this avant sea Del Pazzo et
al. (1983); howsver, no reddening of the spectral Ttnes of the sarthquake parsseters (Caputa, 1982)
could be detected for Jack of pertiment data.

A dutailed analysis of the catalogues of earthquakes {ENEL 1978, Carrozzo st al. 1973} of the
portion of the Appannines between latitudes 39°N and 42°N from the yesr 1448 through 1964 {Caputo.
1983) tentatively indicates that the events with intensity larger or squal to [X which eccurred
tince 1448 1n that avea may tend to cluster im time. The events are listed in Table 2. They have
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intensities 1 9 IX in the ENEL (1978} catalogue; many of them are Tistad with fntensity l) 1 |l
one of the two catalogues considered in this study.

In Table 1, the three sarthquakes occurred in 1984 are 1isted without tha intensity because we
have not obtained an official report on it. Since the magnitude observed for the two events
occurved in 1984 is larger than 5, and those of a1 the other events ysed Table 2 are § or more, 1t
seemad accaptsble to include the two events of May Tth and llth 1984 tn the Tebles 2 and 3. '

We shall call "sequenica® a subset (of 2 or more events) of the sat of 43 events Tisted In Table

2 whan tha events of the subset occur In & time intarval of 14 years or less. The first Sequence
begins 1n 1448. The svents can be divided 1n sequences (n meay ways, we chose that indicated in
Table 2. There ar 15 sequances of eveats, the aversge mmber of eveats in sach saquence is about
3, the average time between first and last events of sach sequence i3 about 7 yoars and Tenges from
4 few minutes to 12 years. Two consecutive sequences are Separated by 31 yours in average. The

total alarm time betwsen the first and the sacond event of sach sequence fs 75 yoars or shout 4% of

the tots] time elapsad from the first svent in the year 1448,

In Figure 2 one may ses that thare 15 mo correlation betwsen the wumber of sveats 1n the
sequences and the duration of their time window, ons may also see 18 Figurs 3 that there is mo °
correlation between the mumber of avants in sach saquence and the interarrival time to the
precaeding or following sequence. .

In 60F of the sequances of avents (exceptions are those began 1n the yssrs 1638, 1683, 171,
1870, 1910, 1980) the first evant of the sequenca i3 not that with the Targest intensity in the
saquence. Al sequences except those which began 1n 1755 and 1962 Mave an event with intansity
Targer than IX. The average interarrival time betwesn the svents with 1 IX} and the precaeding
svent 1s 11 years, the average intararrival time to the following event is 10 yoars., Comparing
these averages with the intararrival time of a1l the events, 12,5, ons mmy infer that thers 15 ne
avidence for time er slip predictable models.

The sarthquakes occurved May Tth 1984 and May 11th 1964 tn that ares proved that the teatative
suggestion of Caputo (1983) "that smother sarthquake could possibly follow that of Novesber 1980 1a
that area" was correct; considering that the supgestion was based on the fact that the sarthquakes
n that ares occur in sequences it seemt ressonable to investigate whether the sequence which bagen
with the svent of November 1980 will be formed by more than three svemts and which would be the time
window in which we may sxpect & possible fourth sveat to occur.

We shall supplement here the analysts of Caputo (1983) with more studies trying te snswer the
Quastions above.

For this purpose we studied the statistical distribution of thres sats of intersrrival times:
of 211 the events (Set III), of the events within the saquences (Set 11) and of the sequences
themselves (Set 1),

Since the density distripution of the scalar seisaic momentus l which represents enargy, i3 2

" powar law of ¥, (Caputo 1974, 1900b). assuming thet the time t to uo-mu the anergy of large

sarthquake be prworﬂml to the energy, we may tentatively sssume that the density distribution a
of tha interarriva) times of the svants be a power law of the time. Howaver, we know that the
process, of sccumulation of the energy for the next sarthquake, began befors Jast occurred. To take
Into account both phenomena, wy will tentatively add & constant c, to the tims t, to represent an -
dverige time elapsed from the beginning of the accumulation of the stress until the mw regime
installed at the last occurred earthquike. Then

Inneg+b inft+e) (2)

which fmplies that after sach Yarge earthquske time has a new role depending on the local geologic
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onviromsent, (particularly the ssperities), on the mchinism of the earthqusts Which trigpered the
pew energy sccumulation regime, a5 w1l as on the mechanise of the sarthquake to be relessed,
The same could be tentatively applied also to the sequences of events, consideriag them a3

- burst of sarthquakes preparing for the successive burst although the mechanises tnvolved would
probably be different from that triggering the singles earthquakes.

Befora discussing the rasult of the fits of the thres sets of duta to squatfon {2), we consider
also the fits of the three sets to the function

-
R W
Mr‘r. 13 the aversge mumber of events in each set, and 4130 to the function
T oa-Bt
ﬂ.! ¥ . (‘)

whers A >0, 0 >0, A > B for normalization. Obviously, the comparision of the d! of the thres
fits 15 » mdsure of nonrandoimess of the dats.

TABLE 4
ST a ’ O T A ¢t
[ ' 31,02 -3.435 -0,032 0.047 3,335 -0.032 ©0.042

n «0.7% -l.132 075 0.010 376 -1.325 0,265 0,211 -1.709 -0.173 0.036
m 4.683  -2.506 1425 0,069 13,07 -2.570 -0.077 0.28%

In Figures 4, 5, and § one my the fits of n, n,, ond n , to sats 1t and 111 andd the fits of
e ond n o to 3at [, It mot significant to mke 2 it of n to set 1 because we 1t was possible to
obtain only three points from the data available and the parameters to fit are thres (s, b, c) which
would giva 62 = 0. Also the it of set 1LI te n , 15 mot consistent bechuse it gives A< B and
therafore 13 not listed in Table 4.

Since the average of the magnitudes sstimated for sach avent tonsidered differ from 5.9 by at
wost 0.6, we may tentatively consider that the sarthquakes of the tet have ralessed energles of
almost the semw order of sagnitude.

One may also check thut thera i3 no correlation batween the intensity of sach sarthquake and
the interarrival time from the previous ons for sets 1 and I1; the samm applins also to set 11}
considering the correlation betwesn the snergy relessed 1n sach sequence and the intevarcival time
to the sequence preceeding it.

The results of the fit of the threa sets of dats to the three demsity distributions 1aws, showm
in Toble 4 and Fig 4, 5, and § Indicates that the aw (2) hos alvays the smaltest ¢ and 1s the
closest to the data, which {n twrn sesss to indicate that the procass of relssse the slastic emergy
th this seiswic region, through earthquikes of comparable order of magnitudes, 13 not random. The

of the fit of LY and n, to set I s relatively sma)l and we could also infer that the
interarrival times of the sequences have nearly exponentfal distribution.

Certainly one mey devise a sultiparssater statistical law representing a randem process which
would fit the data better than m: however the random process mostly used for to represent serthquake
catalogues are fgpe dnd 0o which we say tentativaly rule out for sets II and [11 on the basis of
the smatlarc?, .
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The density distribution*laws considered need a discussion. The Tews n, and n , are mre
statistical laws representing random processes: n,, which 1s estimated using only tha mean
{ntavarrival time doas not Tit the data well as one mey see from 62. &n improvesent 1s obtaimed with
n 2 becouse of cos additiona] parsmeter (which would fmply a normelization to a finite time as the !
data make reasonsbla to assume). A battar fit 15 obtained with n, which represents 2 tantative
physical law; howaver n contatns three arhltnry parametsrs to fit the dats and tharsfore hes p
hMghar probability to give s u-llurd .. :,a?'

Me may also add that the catalogues of sarthquakes whote intararrival times were proved to h
exponential {Gardner and Knopoff 1974), cover a large area where probably the processes of relsass -
of saismic energy are more than one amd different, Oy selecting appropriaty sets of avents from s
enperimental distribution one may prove that an expongntial distribution way be aTways considered °
the sum of non-expohential distributions. That could be the rase of the catalogues of sarthquakes
of large regions: they my be the result of the sum of many #1ffarent non-sxponential processes.

Since in no case §t was possible to prove that a catalogues of large svents of a sefsmic regiom
has sn axponential disteibution {t saems therwfors reasonsbls to considar that the sets [ and [I
have & dengity distribution representsd by a rather Mgy OF Ny On tha basis of their 62.

We may thus suggest that ft should de possible to predict the interarrival time between the
succassfve gventt in the sequencas.

In Figure 7 we show the average interarrival time between the successive avents of the
sequencs. It 13 clear that the svents cluster towards the last one of sach sequence.

In Figures 8 one may see the cusulative distribution of the interarrival tises between first
and second avent of each sequence and between second and third event of each sequence which reflects
a property of Fig. 7. This may imply that sach shock altars the distribution of stress, relessing
1t in the ipocentral volume but concantrating 1t elsewhers until the number of asperities with a
stress closs to fracture are ruptured.in 502 of the cases the second event occurs within four years
from the first: in 501 of the cases the third event arrivas within 1.5 ysars from the second.

¥a sust edd here that fn the paper of Caputo (1383) the couple of svents in 1962 was omftted
for error, however this does not change significantly the results.

In Figure 9 wa see the cumulative distribution of the time windows 1n which the sequences occur
and one smy note that 50% of them have duration less than 0.5 years.

The sequences with more than two svents are now 475 of the total, thd sequences with mors thaa
three events are only 205. It seems therefore that the probability of a fourth evant in the
sequence which began fn 1980 {s rather low; according to the data of Figure 7 wa my say thet @
possible fourth svant ‘should oceyr within 1.2 ysars from the third.

Table Captions

Table 1) Completeness of the ENMEL Catalogue of ltaliam sarthquakes occurred from the ywar 1000
through 1875,

Table 2) Coordinmates, time of occurrence, intenmaities and mgnitudes of the events munnd in
the region between Tatitudes of 30°N and 41°50'W n Jtaly (Apulia excluded). The
intensities are those reported in the EMEL Catalogue, The magnitudes of the events umtil
1968 are those Tisted in the ENEL catalogue snd estimated from the intensities according
to espirical formules of Karnik (% and Paronact (9. The events occurred after 1962
Mve K computed at Observatorio Geofizico of Trieste while M i3 taken from Preliminary
Datermination of Epicentars Bulletin of U.S. Geological Survey lists,

Table 3} Sequences of earthquakes formed with the events of Table 2 and discussed in the pepar. [n
brackets 13 also indicated the sequence substituting the two sequences beginning on 1621
and 1638 raspectivaly; the discussion of this new set of sequences does not alter the
conclusion of tha paper, only the average interarrival times of Fig. 7 change slightly,
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those partinent to this new sat of sequences are indicated by o dashed Tine, Time 1% in

years.
Table 4) Numerical valuss of the paramatars of the density distributions n, 0. Ay dafined by ,
{2), (3) and (4), obtained with least squere swthod fit to the data sets 1. 11 and 311, l
. 2 |s the varfance of the data with respect to the lines fitted,
TABLE 1 !
i
Completanass of the ENEL {1978) Catalogue of Itatian Earthquakes
Intensity, I Completensss of the catalogue
P2} 1885-1978
F 30 1775-1975
Y 1700-1975
> 18600-1875
4 18501976
> 1000-1975
L]
i
1a

>
|
1
1

YEAR

1448
1456
1456
1550
1580
1561
1561
1627
1927
1638
1538
1846
1654
1654
1688
1684
12
1731
12
1155
1747
1796
1806
182¢
1828
1832
1838
1836

1851
1854
1857
1057
1858
1870
1883
1910
1913
1962
1962

1980
1984
19584
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18
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10
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TABLE 2
LONG

L] 45
41 18
4 1%
40 20
41 20
L 20
W 20
L} 50
L} §0
» 0
» 0
a 80
L)} 45
40 50
41 12
“ L]
@ §7
41 X
41 10
41 0
» L
L L1
41 1n
L) »
40 L)
» ¢
» 4]
» L
L] 0
L} 0
» w0
L] 7
L] 17
40 ”
s 17
40 L1}
10 “
» n
L]} 8
41 8
40

L]

4

14
14
4
15
1%
1%
15
15
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16
|}
15
1
15
14
18
14
15
15
13
15
1n
11
15
13
17
16
16
113
5
16
15
15
13
16
13
1%
16
15
15

15
1
3
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9.0
11.0
9.0
.0
2.0
.0
10.0
2.0
2.5
10.0
5.0
"0
10.0
2.0
10.0
10.0
2.0
10.0
2.0
2.0
20
2.0
10.5
2.0
9.0
10.0
2.0
’.0
2.0
10.0
2.0
.0
10.0
2.0
10.0
1.0
2.5
.0
1.0
.0

§.6
6.6
5.6
5.6
5.6
6.6
$.1
5.6
5.8
$.}
5.4
5.4
6.1
5.8
6.1
6.1
5.4
6.1
5.6

§.6
5.4
6.3
6.6
5.6
5.6

$.6
6.6
s.1
5.6
5.6
6.1
8.6
6.1
8.6
5.8
5.6
5.6
5.6

6.5
6.0
5.4

5.0

%y

5.
5.3
5.4
5.3
5.7
5.4
5.4
5.8
5.4
S.4
6.7
$.3
5.7
8.7
5.3
5.9
5.8

5.4
8.0
5.9
§.3
5.0
5.4
5.4
.4
5.3
8.7
5.4
5.3
5.7
5.5
5.8
5.0
5.3
8.3
5.8
5.0

4.9

5.8

5.2
.
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t
between the latitudes 39°N and . }'

earthquakes in the Southern A

A1°50°N

Time window Events fusber Time to Langth of Gap o ,
{intensity, year) of second  time window between 4 .
svents event of of each syrcessive .
sequence sequence sequences
(years) _ (yesrs} {years) al .
1448496 1456997 ll.lm.ﬂﬁ: X1,1456,928; 1%,1456,997 3 8.432 8.501 93.652 ] -
1550. 649-1561.636 1%,1550,649; 1%,1560,359; 1x,1561.581 N
X.1561,636 4 9.710  10.987 65.942 . ( ¢ . . .
1627.578-1627 606 1%,1627.578; X4,1627,606; 2 0.028 0.028 10.630
1538.235-1638.438 X,1638.236; 1K,1638.438 2 0.202 0.202 1.876 % 1 ¥ —y
) rane
{1627,578- (1x 1627.578;X},1627.606;X 1630.236; {4) {0.028) (10.860) (7.977) .
1638.438) u:lm.usi ik 4 Figure 2 tumber of events 1n sach sequence 45 & Tunction of the Tength of the sequnce.
1646.414-1654,.688 1X,1646.404; X,165¢.562; 17,164,688 3 8.148 8.284 3,11
1688,427-1702,200 K,1688.427; X,1694,688; 1X,1702,200 3 5.261 131.573 29.016
)
: I
1731.216-1732,912  K,1731.216; 1x,1732.912 2 1.696 1.696 22,924
1755.836-1767.534  1X,1755.836; 1X,1767.534 2 11.698  11.698 28.£77
. L | [ ]
1796.211-1805,570 1X,1796.211; X4 ,1805,570 2 9.359 9.35% 20.518
-8
1826.088-1836,688 17,1826 088, 1%,1828.090; 1,1832.106
. 1X,1835.781; 1X,1836,.315; 1X,1836.888 & 2.002 10.800 14.731 LA | . .
1851,619-1854.597 £2,1851.619; 1X,1854.021; 11,1857.962; ' . . - ' .
1,1857.962; X,1858,597 § 2.511 6.978 12.165 ' .
T BTN » .
1870.762-1883.575 X,1870.762; 1X,1883.57% ' 2 12.813 12.813 26.858
' e
1910.433-1913.490  1%},1910.443; 1X,1913.480 2 3,057 3,087 49,148 vave
1962.638-1962.638 1%, 1962.630; 1X,1962.638 ? 0.000 0,000 18,250 Figure 3 fasber of wvents 1n sach saquence 83 fenction of the fnterarrival tine te proviess
seqvence (squares) or to the follewing sequence {cvosses). )
1980 ,896-7 X,1980.0%6; 1984.351; 1984359 k] 3,455 1 L '
Average 2.87 5.2 7.00 1.0
oot
-
(3.07) (5.67) (8.35) (32.59)

120
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the sequences. The deshad 1ine 13 (3) with A = 31.0 intarsrriva) times of the sequsi
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Flgure 7 Average intsrarrival time betwaen the nth and the tn + 1)th evants of the saquences,

dashed Vines give the values for the set of sequances of Table § n whick the sequem

indicatad in brachets substitutes the two sequences begiming on 1627 and 1638,
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Figere § Cumlative aisteibution of the interarrival timet betusen the Tirst and m u::l et
{open circles) and batweem the second and the third svents (sot1d squares) 1

sequances.
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Figure 9 Cumlative gistritution of the Tength of the time windows of the sequences.
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