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Zusammenfassung

D:s vorlizgende Heft enthalt die wdhrend der Tagung nStatistische und tektonophy-
sikalische Aspekte der Seismizitd:" am Zentralinstitut Physik der Erde der DAW zu
Be 1.n, Insi.itutsteil Jena, vom 16, bis 18. Mai 1972 gehaltenen Vortrége, die als
Grun :age fur die Beratungen der Arbeitsgruppe nStatistische Methoden" innerhalb der
Subkommission ,Seismizitét von Europa" der Huropidischen Seismologischen Kommission
dienten,

In der Erdtfnungsansprache wies der Direktor des Instituts; Herr Prof. STfLLER,
auf die Bedautung der quantitativen Seismizitédtsdarstellung flir die komplexen Frage-
stellungen des Geodynamik-Projektes hin. Der Président der Europdischen Seismologi-
schen Kommission, Herr Prof. SAVARENSKY, Moskati, betonte die statistischen Aspekte der
S ismizitat und erliuterte die Mdglichkeiten zur physikalischen Interpretation der
gewonnenen Gesetzméfigkeiten sowie die Anwendung auf die Abschétzung des Brdbebenri-
ikos unter verschiedenen Gesichtspunkten, | D

SCHENKOVA unterzog die Erdbeben des nordbstiichen Mittelmeers im Zeitraum (1901,
1967) einer Analyse ihrer zeitlichen Folge anhand mehrerer Modelle, aus denen durch
den xZ—Test ein optimales ermittelt wurde.

PURCARU untersuchte Modelle der Hiufigkeits-Magnituden-Abhingigkeit, z. B. die von
UTSU und von OKADA, vom Standpunkt der Informaticnstheorie.

In zwei von PANZA vorgetiagenen Arbeiten ist die Seismizitdt von Italien ein-
schliepflich der Darstellungsgrundlagen besprochen worden, wobei die GUTENBERG-RICH-
TERsche Magnituden-Haufigkeits-Relation zugrunde liegt. Ihre Koeffizienten wurden
fir die verschiedenen seismotektonischen Binheiten Italiens ermittelt. Auperdem sind
fir diese Gebiete Modelle der Intensité@tsverteilung um die Epizentren aufgestellt
worden., Mit seismischen Daten, die bis zur Zeitenwende resichen, wurden sodann Kar-
ten des seismischen Risikos und der sktiven Verwerfungen hergestellt. Auferdem de-
monstrierte PANZA die starke Abhéngigkeit der Magnitudenangabe, wie sie aus seismi-
schen Overfléchenwellen gewonnen wird, von der Herdtiefe eines Bebens in der Erd-
gruste.

Mit logarithmisch normalen Verteilungen der Erdbebenhdufigkeit liber der Magnitude
oder der Energie, der Bestimmung ihrer Koeffizienten und deren Vertrauensintervalle
befaften sich MAAZ und PURCARU sowie NEUNHOFER und MAAZ. PROCHAZKOVA zeigte die Not-
wendigkeit einheitlicher Methoden zur Ermittlung der Parameter in der GUTENBERG-
RICHTERschen Hiufigkeits-Magnituden-Verteilung und gab diesbezligliche Empfehlungen.

Zwei Vortridge von ULLMANN und MAAZ stellten die Verbindung der Seismizitétsfunk-
tion als Energieflufdichte mit der Energievertellung im Herd vermittels der BATH-
DUDAschen Formel flir das Herdvolumen her und gabén eine Verallgemeinerung der Seis-
mizitédtsfunktion, die die Ungenauigkeit der Herdkoordinaten statistisch berilicksich-
tigt.
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Summar

The present number contains the papers read at the conference ,Statistical and
Tectonophysical Aspects of Seismicity" held from May 16 to 18, 1972, at the Central
Barth Physics Institute of the German Academy of Sciences of Berlin, Jena branch,
which serve as a basis for the discussions of the working group .Statistical Methods"
within the subcommigssion wSeismicity of Europe" of the European Seismological Com-—
mission.

In his opening speech the Director of the institute, Prof. STILLER, pointed out
the importance of quantitative representation of seismicity for the complex problems
of the project of geodynamics. The chairmen of the Furopean Seismological Commission,
Prof. SAVARENSKY, Moscow, emphasized the statistical aspects of seismicity and ex-
plained the potentialities of physical interpretation of the laws established as well
as their application to estimating the earthquake risk under various aspects.

SCHENKOVA analysed the chronological succession of the earthquake of the north-
eastern Mediterranean in the period (1901, 1967) in the light of several models,
irom which an optimum model was found by the x -test.

PURCARU examined models of the frequency-magnitude dependence, e.g. those of UTSU
and of OKADA, from the view-point of information theory.

In two papers read by PANZA the seismicity of Italy including the fundamentals
of representation was discussed, where the GUTENBERG-RICHTER magnitude-frequency
relation is the underlying principle. Its coefficients were determined for the
various seismotectonic units of Italy. Moreover, models of intensity distribution
about the epicentres were set up for these regions. On the basis of seismic data
going back as far as to the Birth of Christ maps of the seismic risk and of the
active faults were then drawn up. Furthermore, PANZA demonstrated the great depend-
ence of the magnitude value as obtained from the seismic surface waves on the focus
depth of an earthquake in the earth's crust.

MAAZ and PURCARU as well as NEUNHOFER and MAAZ were concerned with logarith-
mically normal distributions of the frequency of earthquakes over the magnitude or
energy, the determination of their coefficients and their confidence intervals.
PROCHAZKOVA pointed out the necessity of standardized methods for determining the
parameters of the GUTENBERG-RICHTER frequency-magnitude distribution and gave re-
commendations in this respect.

Two papers by ULLMANN and MAAZ established the connection of the seismicity
function as energy flow density with the energy distribution in the focus by means
of the BATH-DUDA formula for focus volumes and rendered a generalization of the
seismicity function in which the inaccuracy of the focus coordinates is statisti-
cally considered.
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Résumé

Le présent numéro contient les discours qui ont &té& prononcés pendant la séance &
propos des yAspects statistiques et tectonophysiques du séisme"” 4 1'Institut central
wPhysique de la Terre" de 1'Académie Allemande des Sciences de Berlin, section
d'Institut 4 Iéna, du 16 au 18 mai 1972, discours qui servaient de base pour les
délibérations du groupe ,Méthodes statistiques" de la sous-commission ,Le séisme
d'Burope”" de la Commission Sé&ismologique Européenne.

Dans son discours d'inauguration, le Directeur de l'Institut, Monsieur le Prof.
STILLER, mit en relief 1l'importance de la présentation quantitative du séisme pour
les questions complexes du projet de géodynamique. Le Président de la Commission
Séismolozique Européenne, Vonsieur le Prof. SAVARENSKY, de Moscou, accentua les
aspecﬁs statistiques du séisme et exposa les possibilités d'interpréter physiquement
les conformités déduites aux lois ainsi que l'application de celles-ci &
1'appréciation du risque de tremblements de terre 4 des points de vue différents.

SCHENKOVA se mit & analyser la succession temporelle, sur la base de plusieurs
modéles, d partir desquels un modéle optimal fut déterminé par le moyen du test x2,
des tremblements de terre de la mer Méditerranée du nord-est dans la période (1901,

1967) .

PURCARU examina des modéles de la fonction fréquence/magnitude, ainsi par ex.
ceux d'UTSU et d'OKADA, au point de vue de la tnéorie d'information.

Dans deux discours prononcés par PANZA, on a discuté le séisme d'Italié, & inclu-
sion des fondements de représentation, sur la base de la relation magnitudes - fré-
quences d'aprés GUTENBERG-RICHTER. Ses coefficients ont &té déterminés.pour les di-
verses unités séismotectoniques d'Italie. De plus, on a é&tabli, pour ces régions,
des modéles démontrant la distribution des intensités autour des épicentres. A
l'aide de données séismiques remontant 4 1'époque de transition, on a &tabli alors
des cartes du risque séismique et des rejets actifs. En outre, PANZA démontrea la
grande dépendance de l'indication de magnitude telle qu'elle est déduite des ondes
séismiques superficielles, de la profondeur du foyer d'un tremblement dans 1'é&corce
terrestre.

La répartitior logarithmiquement normale de la fréquence des tremblements de
terre sur la magnitude ou 1l'énergie, la détermination de ses coefficients et inter-
valles de confiance faisaient l'objet des études de MAAZ et PURCARU ainsi que de
NEUNHGFER et MAAZ. PROCHAZKOVA signala la nécessité de méthodes unifiées pour la
détermination des paramétres dans la répartition de fréquence - magnitude d'aprés
GUTENBERG-RICHTER et soumit des propositions correspondantes.

Deux discours prononcés par ULLMANN et MAAZ établirent la relation entre la
fonction de séisme comme densité du flux de l'énergie, et la répartition de 1'éner-
gie dans le foyer, de conformité 4 la formule de BATH-DUDA concernant le volume du
foyer, et proposérent une généralisation de la fonction de séisme, fonction qui
tient compte statistiquement de 1'inexactitude des coordonnées de foyer.
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Peznoue

B npeannaraeMoil Spommpe CONEPRATCA LOKJANH, NPOYMTEHHHE HA KOoM@epeuusIu, Noc-—
BANSHHOU CTATHCTHUECKUM I TEKTOHO-~DUBMUECKNM aCIHIEeKTaM CelCMUUYHOCTH", OpraHH30—
BamHOU HenTpansuuMm UHCTUTyTOM Cnauku 3eMnu [epumaHcKkoll AxaneMmuyu Hayx 3 BepiuHe,
PunnaynoM wHcTuUTyTa B HeHe, ¢ I6 mo I8 wmaa 1972 r., 4 NOCHYXMBUME OCHOAOW LAA cCOBeE-
maunii padouedl rpynny ,CTarucriveckue MeTOnK" B nogkomuccuy ,Celcurynccts EBponn’
Esponeiickoit Celicmomorriveckoi HKomuccuu.,

BO BCTYNUTENBHOA pPEUYM AMPEKTOP HMHCTUTYT& TOB. npod. WUTUIIEP yxaszan Ha BaXHOCTH
KOJIMUECTBEHHOY XapaxTepucTUKH CEHCMUYHOCTU ONA o6Weld NOCTAHOBKM BOIPOCA [eonMHaMK-
YecKoTo mpoexra. [pesuneHT EBponelickoi CelicMonorumueckoidl KoMuecuu TOB. Ipod.
3ABAPEHCKNI, Mocxpa, 7ONYEDKHYN CTETHCTUYECKUE ACHEKTH CEHCMUUHOCTH ¥ YKA3ali Ha
BO3MORHOCTU QUSUYECKOTO OOBACHEHUA NOJNYUYEHHHX 3&KOHOMEPHOCTEH, 3 TAKKE Ha #CIONb—
30BAHNME NpK OUEHKE OINACHOCTHU 3EMNEeTDACEHUA C DPA3JANYHNYX TOUGK 3PeHHHA.

HERKOBA HCnBepr#a AHANMUSY 3EMNGTPACERKA B CeBEPO-EOCTONHOM Y&CTH CPENUYSMHOTO
mopa B Teucuue wpemenw (I90I, I967) B ux Epeuennom MOCAENoBATRIRHOCTY C LOMOLBID
HECKONEKNY MGIENE], HZ XOTODHX USP23 TecT x OHJO TOAYYIBHO OFTAMANTRHOE JWAUGHHE.

IWPKAPY DaccMOTDen MOLeNK 5aBHSHMOCTH YaCTOTH OT MHTEECABHGOTE BeMIRTDFCEERS.
Hampuuep, Memsrr YTCY z OKAIOH, ¢ TOYKK 3DCHREA KROCDMEUHOHHOR T20DKN.

B neyx peforax DAHIH, memeiumy cuo8 CTDEEeHKE H OGKTANAX, pE9b HAGT © o6 Inugg-
socTu Kranys, BEIDIAN OCHCRHYR ZOLaKTEDUCTHKY, NPKYEY » 03H03ZY DOMOKEHO OTHOWeHIs
UHTEHCHRBHOCTH IEMNATDACEHKS ¥ Yacrtondy IVWTIHBIPTA-PUXTERA. Ero mosPdunuentw ¢ mam
TONY4eHH IJNf DPA3HHY GEHCHMOTOKTOMUYSCKEX eguamy Mrvanuk. Hpoms 7070, LIS 3THE 0FI8C-~
Tell OunM YyCToHOINAHM NMONeNV DACHPEACHSHKH AHTEHCHBEOCTK BOKDYT SMHUEHTPOB. He 430d
OCHCOBE ¢ LONCULY CSUCHMUYECKUX NAHENK, ECTIDMX XBATRT L0 HAYAL2 CHeIYKHero Bews.
OHAY COGTABLCHE KIPTH CEUCMMTOCHKORE yFIDOSH X AKTHIHEX CUPocos. Eoome aToro il&dia

<

2ECISHOCYY 3GHIESTHE afl . HONYUSBHRK i GIWC—~
HUDA TeMIeTPAC2HUR » veHHGE

DOKA3AJ CHI®HYVR 2ABUCKMOCTS HAKTHL
MUYECKHNX LUB2DXHOCYTHHX BOIn, OF ?ﬁy EHI ZAZICT&HNA 9iI4r

KOope.

JorapuMruecKy HOPMANBIHMK DACHPENENCHUAME YaCTOTH REMISTDACEHUN [Q UHTOHIUB-
HOGTY BEMIETPAGEHNA WUIX SHEPTUM, ONpPeNeiesny rX XOQIMULe4Yseh ¥ WX WHTEPRANGS Has
néxuocTu sanumanuck MAAIL u TIVPKARPY, a resme HOGIESEP m MAAT. IPOYALKOBA veaaans
E& KeGGaumrdsTh PA3PaCOTKK 6IMHWY MeTOROR A7 IOIYUCHUE Napn2aMetpon paclpenencHkd
YECTOTH-KETOHCRBHOCTH 3eunerpacenus no IVIEHREPIV~-PUXTEPY " I8na B 2TOM HACDARLS—
HEW HECHCHBXC LEHHSX COBETOR.

B cromyx nornapax YIIBMAH m MAAIL yoTadoR1ax CR83% MeRLY DYHRELUeN ceioMwisooqms mam
AHOTHGCRY HOTOKS BHEPTUH M DACHDEeHNeNeRMey IHECPIMK B BORNSHCDE TOCPENCTIOM (Huiriyins
BAT~LTAE nous ofpdMa BIMIEHTDPE ¥ 0000w . 1 Jydeis coleMuqpen?s, FOTODLAS Y
HWOTOWHONTE KOODIVYST SHNULSH VPR CTET r8vechs.
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Seisumicivy wx & toplvipution to Geophysical and Geelcgical Svuplex Inte cretacion

Dear Collaagues,

~

The pew Counied workins sroun on gotabistical dethods” of fhe subcourniscion  deie-

wrcity of Burope" of the iurc.2:v Selemolugical Semmission has orcanized its Pirse
meeving here in the Jena brunch of the Jentral iarth Phymfcs'lnscitgﬁe IouUJam of
rhe Acadeny of Sciences of Gouwan DemOh%nL’c Republie. T am very zlnd to stats that
wme foveign guests - Dr. SCHENKOVA 5rom Cmechuaslovagia, Prof, SAVARENSKY from USSR,
Dr. PAnZA froam Ttaly, and Dr. PURCARU f um Roumanya - ace taniung pait ﬁﬁ the Jona

werting f the work ng group.

Ne kriow, from uthe results of tiie Upper Mantle Frcject, the ereat importence of
worid-w:dr, recruinal zg well as local seismiéity investigations for the dovelopment
of comwplex gecphysical and geological research work. The new tendencies in investi-

vtirg the dynamical oehaviour of the éarph sre also clesely connected with seis-

miclty research.

Ir sup 1nstitute we have gathered some experiences with respect te investigation
ant mapping of magnetic, gravimetrie, and recant crustal movement pafamebers; Nork
wag also done in the direction of éeotectoniﬂ map construction, I am very glad to
state that in the past yssrs correxponding investigations were also made in the
domain of seismicity. Here I nave to menbtlon the special worl of our col]eagues
ULLMAN: and KAAZ, including aspevts of the mathamablca] theory of seismicity and
mappans of s:smlclty by coaputors for diffetent regions in ulope,

The resulw.s of tre Upper Vaatle Froject have shown the great importance of maps
of geon~hysica! aud geclogical paramebtere as a base of complex interprevation. The
handli'g of gecphysical coservations with respect to map construction has shown thz
two aspects of v¢iis probleuws
a) the statistical and
D) the analytical point «f view.

Both of them must be taken intoc account for seismicity, too. I think that the devel-
opment of the statistical methods of seismicity has to include tne different mspects
of toe whole complex preblem of seismicity, including the various possibilitvies of
application and the connections with other geophysical and geclogical informations.

1) Director of the Central Sarth Physics Insititute of the AAW der DDR
15 Potsdaw (GDR). Telegraphenberg
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Ic¢ that etfrect I feel that geismicity will give good results also for the future
tendencies of bthe Geodynumics Project, especially tor the development of the dyna-
mical model of the bectonosplere and for the characterization of regional and global
tcetonle elements, - I hope bhat the discussions during the meeting of the working
aroup will be most Cruitful.
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General Remarks to the Object of this Meeting

By

E.F. SAVARENSKY 7

Herr Professor Stiller, meine Damen und Herren!

Zuerst mdchte ich Sie im Namen der EBurop#ischen Seismologischen Kommission herz—
lich begriifen. Es ist fiir mich eine gropfe Freude, hier zu sein. Dem Direkter des
Zentralinstituts Physik der Erde, Herrn Prof. STILLER, und seinen Kollegen danke ich
herzlich dafiir.

I am very thankful, as the president of the European Seismological Commission,
to the director of this institute and to our colleagues for organizing this possi-
bility %o meet here and to discuss - which 1is most important - some problems con-
cerning the statistical methods in seismicity investigations.

We have the praxis to organize such separate meetings of the ESC working groups.
We had two meetings in the Czechoslovakian Socialistic Republie, the first one con-
cerning the nature of the boundaries of the Earth's crust, the second one dealing
with the convolution of seismograms; we had also the meeting of the working groups
of the North+African as well as of the Iberian regions in Lissabon. Moreover, the
conferegce held in Finland, whose topic was the investigation of the Earth's crust
in Northern Europe, has to be mentioned, etc. It is a rather important direction for
the activities of our European Seismological Commission. I am personally very glad
to attend this meeting here in this institute, which is very well known, as much as
our colleagues here at Jena and at Potsdam are. Besides, I have here some ofther
applications connected with my personal interest regarding surface waves. Therefors
I am nighly pleased to stay here.

For the scientific direction of the investigations concerning She seismicity on
the base of statistics I see some problems which are most important. First ol ail
there is the problem to search and to find, by means of the statistics, some lawe
for the generation of earthquakes in general. And from practical viewpoint it is
rather important to find the localities of strong earthquakes, which is very signifi-
cant for the seismic regionalization too, I suppose. The searcning of the well-%nown
linear curve representing the dependence of the logarithm of the Irequency on the
magnitude or the logarithm of energy, perhaps, was the most popular knowledge con-~
cerning the statistics in seismicity. But it is not exact and the prodblem is much
mere extensive. The most important question, in my opinion, and a very difficult one
is to find out to which place or to which territory the statistical relavion belongs
because the latter must be connected very closely with the tectcrical processes and
the physical basement to be investigated.

1 : : . AT
) Institute Physics of the Barth, Moscow, Acad. of Sciences of the USSR, Koscow,

B. Gruzinskaya 10
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It is very difficult to separate aftershocks, foreshocks, and the essential
shocks. There is no exact knowledge concerning the definition of ,foreshocks™ anc
waftershocks". Sometimes, we are able to discern these types of shocks after vei:
gtrong earthquakes. I know the oniy relative publication submitted by Dz, SUYEHIRO
from Japan, who found that the frequency-magnitude relation and especially bthe
coefficient b of the graph changes markedly before and after anearthquake. But
when may the process of foreshocks begin, and when will the process of the after-

shocks end? We have no knowledge about it till now.

The second and a very important question about the statistics applied to the in-
vegtigation of seismicity concerns the time. The usual construction of the curve
representing the dependence between the frequency and the energy is very difficuls,
because very strong earthquakes occur rarely and we have very few information.
Nevertheless, Sthere are already some results, e, g. from our colleague FEDOTOV, whs
has published his findings in the Journal Fizika Zemli. He found some peculiaritizs
commor GO meny earthquakes in the Pacific and certain repetitions of energy var.-
ations with time as well as of the frequency of shocks in time for many strong
earthquakes. Prol, XAWASUMT from Japan announced that the next strong earthguake iz
the Tokyc region has to De expected,with a probability of 99.7 %, in 1978 a3 ths
labest. Having gathered a great deal of material concerning that area, he calculatzd
tne probaoilivy of the mean periodical law #nd found certain fundsmentals for a
prediction, Now the Japanese are preparing apecial measures for preventing disac-
trous consequences, as conflagratiions and other kinds of serious distructios
The third importaal problem is the corrvelabtiion between the statistical dependend

b
@
it

of seismicity and other geophysical parameters, ¢. g. heat flow, magnetic =z:d
grav.ty anomalies, geology, Lechonics, geomcrphology ete.

The Seiznolog.cal Commissioa i awalitiag Zrom the activities of this woirs

importani results and the program of Tubturs irvestigabion., The Compissgion =i
pleased to see suck results, and 1 wash to transmit its best compliments.

DOI: http://doi.org/10.2312/zipe.1972.018
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Time Distribution of Earthquake Occurrence in the North—EasterqﬁMedlterranean Zone

By

2. scHENKovA 1

Sumpary

The time distribution of earthquake occurrence in the north-eastern Mediterranean
zone is investigated. It is shown that the process with the negatlve binomlal entries
as a model describing the occurrence of shallow-focus earthquakes in this zone is
better than the POISSON process.

The object'of this paper is to investigate one of-the'characteristic‘features of
the seismicity of the north-eastern Mediterfanean zone, 1..e, to find laws governing
the time distribution of earthquake occurrence using instrumental observations. The
original data of shallow-focus earthquakes (h < 60 km) are taken from the European
catalogue 1901 - 1955 [3] completed by additional informatlon from 1956 - 1967 The
period of 67 years, For which the data on earthquakes of M2 4, 5 are avallable,
might be long enough for the full manifestation of_earthquake forces. The one—year
interval is applied as a most appropriate unit. Shorter intervals &re not. feasible
because then the number of nempty" intervals incréases, The investigated regions are
numbered as follows: No. 22 Yugoslavia, the Aegean region as a region of the highest
activity in Europe divided into three focal zones - No. 26-1 (Central and South
Greece), No. 26-2 (Crete), No. 26-3 (West Turkey), Nos. 27.+ 29 + 33 + 34 (the North
Anatolian fault zone).
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() Geophy51cal Institute of the Czechoslovak Academy of Sciences, Prague 4-Spofilov,
Bodni II
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The occurrence of earthquakes may be considered as a stochastic point process,
where the individual events occur sepafately, or in small groups at a time. The pro-
bability structure of a point‘process is described by the distribution of the num-
bers of events in a particulabfinterval. The process is stationary if its probability
structure is‘invariant under translations of the time axis. The simplest stochastic
point model for the décurrehce of earthquakes is the stétionary POISSON process.
Given a sequence of independent random évehts, all of which are equally probable, we
may assume that the probability is asymptotically proportional to the length of the
interval and the probability.of more than one event in the small interval is
asymptotically‘negLigible.u'

The probability distribution of a POISSON process [2] is

i . |
() By, = SREAA L 350, 1=0,1, 2, ...,

when P(A)i igkthe probability that in an'arbitrary interval of unit length i
events will occur with the intensity A. To test the actual distribution with POISSON
distribution the x2 test 1s used under the assumption that the theoretical frequen-
cies n P(a)i 2 2, where n is the length of the observation period. If we denote
by s; the number of years with the annual number of earthquakes, i, then the test
statistics

> t [s; -n P(/’L)i]2

@ % = I, —wEm;

has a x2 distribution with t - 2 degrees of freedom and the parameter of the
PCISSON distribution

i=0 =
The parameters of the POISSON distribution, A, the test statistics, xi, and criti-
cal values, xg (cf.[2]), are given in Table 1.

Table 1. POISSON distribution P(A4)

Region .22 26-1 26-2 26-3 27+29+ 26-1 without

+33+34 aftershocks
A 3.3 7.9 2.6 4.9 6.0 6.0
X2 116.77 95.97  3.59 90.43  51.28 10.68
xﬁ%(t—z) 16.8  21.7  13.3  18.5 15.1 15,1
xg%(t-2) 12.6  16.9  .9.49 4.1 11.1 1.1
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The hypothesis about the POISSON distribution is not rejected at the 5 % or 1 %
significance levels and the value xg is not significant except for shocks in Crete
(see Fig. 4, Table 1). It is shown that the agreement between observed and theo-
retical frequencies is influenced by the presence of aftershocks. As for example
aftershocks from the periods 1912, 1914/15, 1953/54 are eliminated in Greece, it is
possible to observe a good agreement with the POISSON digtribution (see Fig. 7,
Table 1).

In order to retrieve more statistical information from the catalogue, it is use-
ful to look for a better distribution or, still more preferably, for a better model.
If a two-parameter distribution is found which fits the data then in essence it is
possible to describe the data with just two numbers.

The assumption inherent in the POISSON series, however, is that the probability
of an event remains constant, which in practice rarely proves right. Any variation
in the expectation of an event - in particular for one event to increase the prob-
ability of another - will increase the variance ot the distribution relative to the
mean, and & negative binomial distribution will invariably better describe the data.
Writing the negative binomial distribution in the form pk 1 - q)'k , The probabil-
ity of i events [4] is given by

(4) NB(k, P)i = (1:; -_t % - 1) Pk ql ’ i = 0, 1; 2, .04,y

where k, p are parameters, p + q = 1. The mean of the negative binomial distri-
bution is
(5) u = ES,

the variance may be written as

(6) v = 59,

p
Thus as p 1is necessarily less than unity, the variance is always greater Shan the
mean, while for the POISSON distribution the variance is equal tc¢ the meaa A. Having
derived the negative binomial distribution as a generalized PCISSON series, it is
not strprising Eo find that the POISSON distribution is obtained as a Pimiting form
of pr (1 -a) ™.

There are several methods of estimating the parameters p and k. Ones of them is
a method of moments, which is used here. If the first two moments of the negative
binomial distribution are estimated from the sample moments, then the ratioc of the
mean to the variance provides an estimate of p, i. e. if the mean of the sampies
is m and the variance is 82, then

(” p = 5.
8
When i = k g/p and noting that q = 1 - p, an estimate of k 1is given by
- m p
(8) k = T=p °
DOI: http://doi.org/10.2312/zipe.1972.018
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Table 2. Negative binomial distribution NB(k, p)

Region 22 26-1 26-2 26-3 27+29+ 26-1 without
+33+34 aftershocks

K 1.1 0.6 9.0 1.1 1.5 5.0
P 0.25 0.1 0.8  0.18 0.2 0.45
X2 6.15 41.01  12.89 11.43  14.63 12.26
xf%(t-z) 18.5  18.5 15.1  21.7 18.5 23.2

X2, (6-2) .1 4.1 11.1 6.9 14,1 18.3
5% _

E 0.66  0.53 0.97  0.63 0.68 0.89

The values of these parameters p, k are given in Table 2. The efficiency of
estimating p and k by this method (see Table 2) was derived by FISHER (1], and in
terms of the parameters used here the reciprocal of the efficiency is given by

1 1 2 1 2 2 1 '
(N 5 = 1+2FamwErn tzd mﬁﬁy*sﬁ O CE R

To test the actual distribution with the negative binomial distribution the xa

test is used, too, under the same assumption about theoretical frequencles. Test
statistics X, 8are less than corresponding critical values x5% or xﬁ% for all
the investigated regions except for Greece (Table 2). Therefore, only for Greece
with the great aftershock series the hypothesis is rejected at given significance
levels.wAfter such sequences are removed, the data show a good agreement with the
negative binomial model (Table 2).

20

22

151

TN

NB(1.1;0.25)

3 5 10 15 20 25 %
N,y
Pig. 2, Histogram of frequency of occurrence of shallow shocks in
Yugoslavia
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154 26- I

Fig. 3. Histogram of frequency of occurrence of shallow shocks in
Greece - o R ‘
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_ : \ p(2.6)
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Fig, 4. Histogram of frequency of occurrence of shallow shocks in
' Crete ‘ ‘
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NB(1.1;0.18)
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Fig. 5. Histogram of frequency of occurrence of shallow shocks in
West Turkey
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Fig. 6. Histogram of frequency of occurrence of shallow shocks in the
North Anatolian fault

DOI: http://doi.org/10.2312/zipe.1972.018



18

5 26-1

without aftershocks

Fig. 7. Histogram of frequency of occurrence of shallow shocks with-
out aftershocks in Greece

In Figs. 2 - 7 the histvograms for the frequency of earthquake occurrence in one-
yesr intervals are given for the individual zones (number of years with the given
annual number of earthquakes, N, versus number of shocks in one-~year intervals, Ny)°
The curves for the POISSCN distribution with the parameter A are drafted by dashed
lines in these figures and the curves for the negative binomial distribution with
the parasmeters k, p are drafted by full lines. From Fig. 7 it is difficult to re-
cognize which distribution describes better the time distribution of earthquake
occurrence. For the spproximation of the beginning and the end of this histogram the
negative binomial distribution and for the middle the POISSON distribution are more
convenient.

Conclusion

So far we are limited in the development of ideas based on direct physiecal
evidence or krowledge of physical processes leading to the origin of earthquakes.
Therefore, various statistical models are being suggested and their properties are
used for estimation of the probability of earthquake occurrence within a given area.
According to the results of this paper it may be generally stated that the process
with the negative binomial entries as a model describing the occurrence of shallow
earthquekes in the north-eastern Mediterranean area is better than the POISSON
process, It probably eliminates an influence due to the presence of swarms
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{e. g. Weey Tuekey,, whica is 4ifficult to define and remove, an influence of spa-
tial inhomogeneity. The observad deviation from the negative binomial distributioa
mush te sttributed to the presence of aftershocks,
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Seismicity and Isoseists in Ttaly

By

i, cAPUTO 1), V. KEILIS-BOROK 2), T. KRONROD 2, G. MOILCHAN 2), G.%. panza 3
a. prva 1), V. PODGASZKATA 2), and D. POSTPISCHL 2

Summary

An analysis of instrumental and historical seismic data has been carried out in
oder to determine the model of earthquake occurrence and the model of intensity of
shakings around the epicentres for the Italian region. The obtained models will be
used in the next paper for the estimaetion of the seismic risk.

1. Introduction
The purpose of this paper is to construct the statistical models of the time
series of earthquakes in Italy and of the isoseists of an earthquake of given

magnitude. These models will be used in the next paper for the estimation of the
seismic risk.

2. The model of earthquake occurrence

Italy was tentagively divided in two different ways:

a) into four regions (Fig. 1) according to the seismotectonic map of Europe
(BELOUSSOV et al. 1968 {1]),

b) into three regions (Fig. 2) according to the map of surface faults (MALARODA and
RAIMONDI 1957 [7])

in- order to have the possibility of cheching the stability of the results.

In each region we assume basically two hypotheses:

1. The events in the magnitude range Mk' belong to a POISSON distribution defined
by Ak (the annual average number of events in the range Mk). More precise
formulation of this hypotheses is given by MOLCHAN et al. (1970) [8, 9].

2. The parameters Ak for different magnitude range Mk in the same region are
related to the magnitude M by '

1) Institute of Geophysics - Institute of Physics, University of Bologna, Italy

2) Institute of Physics of the Earth - Soviet Geophysical Committee of the Academy
of Sciences USSR

3 Institute of Geodesy and Geophysics, University of Bari, Italy
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Fig. 2 Seismic regionalization of Italy baged on

surface faults distribution
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ey
(1) A, = J 10 am
My

szeording to the linear GUIENBSRG relation (GUTENBERG and RICHTER 1949 [5]).

Details con the statistical consequences of the hypotheses 1. and 2. can be found in
SAPUTC et al. (1968) [2].

In order to estimate « and y we have considered data on 985 seismic events in
Italy, instrumerntallyr recorded between 1893 and 1965, which we shall call yinstru-
mental data" (IACCARINO 1968 [6]), and 252 events between 1501 and 1929, recorded in
chronicles, which we shall call ,historical data" (CAVASINO 1929 [4]). The after-
shocks were eliminated using the method of CAPUTO et al. (1972) [3].

For the estimatiocn of « and y we use the maximum likelihood method. This
procedure results in the following main advantages compared with the usual estima-
ticn by least squares method:

a) Point estimations are maximum likelihood ones.

) The confidence areas for « and y are determined as well.

¢) the errors in magnitude are considered.

d) The number of observed earthquakes can be used in the original form, i. e. for
any non-intersecting volume of time - magnitude -~ space.

Table 1 gives the summary of computed variants. As can be seen from an analysis
of that table the difference between estimations of « and vy for different Mk is
not unsignificant, though less than Ax, Ay .

Concerning the magnitude of earthquakes from historicai data, for which the
macroseismic intensity J was estimated by CAVASINO, we have used the following

re.ations:

8 < J

9 3 5.6 + 0.1 £ M
9 < 4d S M

10 5.9 % 0.1

HA HA

5.9 & 0.1 ;
7.8 .

WA TIA

Corrections ¢f +0.1 were introduced in variants 2 and 3 respectively. Their infiu-
ence is significant; the indication of magnitude intervals for historical earthquakes
is one of the maia sources of uncertainty in the estimation of « and y.

Let us consider now if the Joint anaiysis of the historical and instrumental data
is justified. The values of p in Table 2 do not contradict the hypothesis that for
each region the iantensity of earthquake flow was the same in the historical and
instrumental period, Under this hypothesis the ratio of earthquakes numbers v, and
vy should approximately correspond to the ratio of periods T1 and TZ‘ It V4 and
v, are independent and distributed by POISSON's law, the conditional distribution of
Yy for fixed n = Vg + v, is the binomial distribution:

P{x/n} = {vy<x/n=v,+v,} = [g] cg pf (1 - p)PK

with parameter

P = B, / m(v1 + v2) ¢
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1, Bstimations of @ and y; « + Ax and y + Ay are 99 % confidence intervals.
£ 1s the sum of all reg.rons in corresponding variant

Data
~egion| Mk Instrumental Instrumental and historical
y for different regions are assumed
Incipendent the same Indipendent the same

v Ay - A b4 Ay - y A4y - Ax Y Ay -
oo .79 0.23 4,46 0.4 4.59 0.81 0.13 4.59 0.1 4,62
g vs .12 4071 0.90 4.96 0.84 0.10 5.017 0.09 5.02
2 01 0.92 &.32 5.71 G.16 0.82 0.12 5.40 0.82 0.15 5.34 0.11 0.84 0.07 5.40
. 2.9 +Z 5.18 0.18 5.29 0.94 0.13 5.62 0.14 5.32

=z o4t L.4B 0.0 - - - 0.89 0.07 5.30 0.05 - - -
0.85 0.13 4.68 0.11 4,78
5 0.87 €.11 5.15 0.09 4 gg .oy 5-18
0.86 0.16 5.571 0.11 5.56
& 1.00 0.19 5.82 0.14 5.48

i _ 0.94 0.07 5.47 0,05 - - =
s 0.77 0.12 4.40 0.1 4,47
1 4 0.80 0.10 4.88 0.09 4 g4 0.06 *-88
0.77 0.14 5.19 0.1 5.26
0.89 0.17 5.44 0.14 5.18

o 0.85 0.07 5.14 0.05 - = -
G AT .24 413 0.6 4,28 0.75 C.14 4.37 C.12 4.53

. L 0.4 D.71 0.1C 4,56 0.12 G.77 0.13 4.76 0.82 0.11 4.94 0.09 0.81 0.07 4.9
& 0.89 0.3z 5.57 0.16 5.20 0.81 0.15 5.28 0.11 5.29
N 0.98 0.39 £5.83 0.17 5.14 0.88 0.17 5.44 0.4 5.25
% 0.832 0.1% 5.08 0.07 =~ - .= .83 6.07 5.12 0.06 -~ - -

5 ONCL ;0 0.69 0.5 4.42 (.09 4 o3 o qy #.55 0.79 0.60 4.74 0.07 ( o ¢ og 475
5 0.89 0.32 5.57 0.16 5.09 0.81 0.15 5.28 0.11 5.25
& 0.84 0.75 5.00 0,08 - - o C.84 0.08 5.08 0.06 - &= o
CH+O 14N .74 0.4 4,72 0.08 4,81 0.81 0.08 4.94 0,06 4,94
o “+%0.89 0.32 5.57 0.16 el 5.19 0.81 0.15 5.28 0.11 Fasl By 5.28
5 0.31 0.13 5.08 0,07 - = = 0.83 0.07 5.12 0.06 - - =

) CO+0L+N 1.25 0.32 5.81 0.10 1.08 0.24 5.46

f g Weht 1 0.75 0.36 5.16 0.15 5.80
5 1.08 0.24 5.59 0,08 - - -
L 0.99 0.48 4.85 0.17 5.02
oL 0.4 1.27 0.49 5.85 0.14 ; 45 .oy D+44
Y 0.75 0.36 5.16 €.15 5.80
b 1.68 0.52 7.06 0.21 5.77

A 1.08 0.24 5.59 0.08 - - -
i 0.75 0.20 5.17 0,12 5.14
I 5.4 0.74 0.75 4.88 0.09 0.74 0,09 4.90
ir! 0.74 0.13 4.95 0.08 4,95

D74 0,09 4.98 0.05
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Table 2. Values of FP(UZ—O) and Fp(v2+0). p is the ratio of the number in the
seécond and in the third lines

Data p Reg CL CcD S CL + CD N+CL+CD+S
Historical 400 27 48 38 49 86 162
Instrumental 62 4 11 5 5 16 25

s 462 31 59 43 54 102 189

P 0.13% 0.129 0.188 0.116 0.094 0.157  0.134
F,(v,-0) 0.39 0.8+ 0.30 0.13 0.7 0.46
#,(v+0) 0.60 0.91 0.49 0.25  0.80 0.54
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n. being the symbol of average. If the hypothesis ie correct,
P = ’1‘2/('1‘,|+T2).

Consequently, for a fixed total number of earthquakes we may consider the ooserved

v, as the quantiles with some confidence level f. Due to the discrete nature of

Vo f covers the interval Fp(v2 - 0), Fp('u2 + 0). The values of these two func-
tions for p = 0.134 are given in [able 2; they confirm our hypothesis. In the worst
case, for CL region, any confidence interval for p, symmetrical with respect to
F_(x), includes the hypothetical value p = 0.134 with a confidence level more than
0.82 =1 - 2(1 - 0.91).

3. Tne model of intensity of shakings around the epicentres

¥e are now going to describe the surface effect of each earthquake in macro-
seismic terms, i. e¢. in isoseists, since the majority of the experimental data are
represented by isoseists. Because of the lack of information on earthquake umechsanism,
ground conditions, etc., we will construct a simplified, statistically averaged
model of iscoseists, which will depend mainly on the magnitude of the earthquake and
on the orientation o¢f the major geological fault near its source. - The isoseists
are approximated by ellipses.

te considered the 68 events with reliable estimates of the isoseist parameters
a, b, A, and Q, which are listed in Table 3 (a = major isoseist semiaxis, b =
winor isoseist semiaxis, A = azimuth of the major semiaxis, ? = isoseist area).
In Table 3 AE is the azimuth of the major geological structures near the epicen-
tre, determined from the seismotectoniec map of Burope (BELOUSSOV et al. 1968 [1]).
The types of these structures are characterized in the same table; m indicates a
major fault zone, s and b denote the vicinity of the seashore or of the boundary
of different tectonic complexes, respectively. A is the azimuth of the local sur-—
face fault, indicated by MALARODA and RAIMONDI (1957) [7]. For details about the
computation of the relation between the magnitude and the isoseist parameters see
CAPUTO et al. (1972) [3]. Here we show only the final results.

We can assume that

(2) log Q(M, J) = co(I) + M (D),
(3) log 1(M, §) = oy(3) + M 4 (J) .

The relation (2) was assumed also in previous studies of isoseists (SHEBALIN, in
press [11]), values of log Q@ and log 1 computed from (2) and (3) are only the
mathematical expectance (the average); the deviations of the observed values are
considered as random, however, this dispersion may increase for small values of M
because of the nature of small faults.

The parameters c¢_, 4 were estimated from experimental data of Table 3 with the
linear regression method allowing for errors in all observed values Q and M
(RADHAKRISHNA 1964 [10]). This procedure has evident advantages, compared with the
asual least squares method. The results of computations are given in Table 4.
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¥ Day Epicentre M 1,y log Q 1 4° (Az-ag)°l Ailg Struc- _ (1ee-Ig0
2 9 7 8 9 10 7 8 9 10 7 8 9 40 7 8 910 gt‘;; type Ai‘_ 7 8 9 10
44)  23/7/1930 15.4 41.0 6.5 10 3.99 3.52 3.20 2.55 .58 .54 .45 .30 75 -83 -83 -59 20 m 30 -0.10 -0.20 0.15 0.00
45) 5/9/1931 11.4 #4.1 4.6 7 4.9 .78 32 80 b 0.03
46) 3/12/1931 45,8 ;1,2 3.9 7 <34 89 S0 m
47) 31/7/1936 14.1 41.8 3.7 7 .67 10 60-25 m-b
48)  26/9/1933 14.2 42.3 5.5 9 3.31 2.98 1.98 .67 0.05 0.15 -0.40
49) 9/12/1936 13.2 43.4 4.7 8 2.251.71 .82 .78 -0.35 -0.45
50 17/7/1937 15.4 41,7 4.5 8 2.49 2.11 .84 .83 0.10 0.10
51) 15/12/1937 15.3 #41.7 4.4 7 1.89 .67 6 50 0.10
52y 15/10/1939 10.2 44.3 5.1 7 2.19 .81 -0.05
53) 16/10/1640 11.7 42.9 &.4 8 2.99 2.36 52 .57 72 72 0.75 0.45
54 3/41/1941 12.5 41.9 3.9 7 31 84 85 n
5) 25/3/1983 13,4 43.2 4.8 7 2.19 .70 30 65 m 55 0.15
%6) 37/10/1%43 13,6 43.1 5.5 8 3.28 2.79 46 .33 -16 -8 25 n 0.05 -0.05
57 13/6/1948 12,2 43,5 4,5 8 2.57 1.69 .85 1.0 0.15 -0.30
58 18/8/1948 16.1 #41.5 5.0 7 3.29 -70 15-55 m 30 0.45
59 15/11/1948 11.6 42,9 4.2 7 2.01 1.0 0.35
60) 29/11/1948 11.6 42,9 4.6 7 1.8 1.0 -0.15
61) 31/12/1948 12.8 42.5 4.9 7 2.11 .67 7 70 m 0.00
62) 5/9/1950 13.3 42.5 5.5 8 3.82 3.41 .60 85 75 m 0.55 0.55
63; 8/8/1951 13.8 42.6 4.9 8 2.%2 47 -76 50 b 75 -0.25
€& 1/9/1951 13.2 43,1 5.0 7 3.2 .38 37 10 s 75 0.25
65) 4/7/1952 11.9 43.9 4.4 7 2.3 .61 76 55 m 0.50
66, 24/6/1956 13.4 42.3 5.0 8 2.73 1.95 .73 -55 70 n -0.10 -0.45
67) 31/10/1961 13.0 42.4 4.7 8 2.41 2.41 43 .83 40 40 60 m 30 -0.20 -0.05
€8) 15,9 40,2 5.5 9 4,01 2.93 2.1 71 -62 6 n -0.75 0.10 -0.20
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Tab, 3
0 [ - 337 - == .

¥ Day Episentre M 1y, log Q 1 A V(A -2,)%1 212 kg re (1ge-1gQ)

P! ® 7?7 8 9 410 97 .8 9 10 7 8 9 10 7 8 910 st‘;; type A7 7 8 9 10
1;14—16/1/1703 13.1 42.8 6.3 10 3.43 3.19 2.91 2.01 42 -50 70 m
2 2/2/1703 13.5 42.3 6.3 10 3.55 3.25 2.79 2.36 A48 .45 82 80 72 80 25 n
3; 5/2/1783 15.1 38.3 6.8 10 &.42 3.96 3.41 2.73 .51 .63 58 58 62 55 45 s 0
4 7/2/1783 16.2 38.5 6.0 9 3.90 3.27 2.49 .50 62
5) 27/3/1783 16.5 38.8 6.2 10 &.42 3.75 3.01 2.55 .50 .44 90 90
6) 23/2/1887 08.2 &4.1 7.6 9 4.35 3,96 3.50 40 o 8 42 -0.65 -0.65 -0.40
7)  22/1/1892 12.7 41.7 4.6 8 2.66 2.19 .95 .56 -80 45 m
8 4/3/1898 10.3 44.6 5.1 7 2.25 .67 36 90 b ~0.65
9) 28/6/1808 12.8 42.4 .2 8 2.25 1.8 68 .75 71 =71 60 n»
10 3/7/1 13.7 41.6 5.8 8 .38 .ok 25 36 80 m
11 5/3/1902 10.5 44.1 4.4 7 1.49 0.3
12)  2B/2/1904 13,3 42.1 5.6 8 2.75 2.36 81 .76 -0.60 -0.60
13)  12/2/1905 11.5 42.8 4.7 7 2.3 .59 52 90-75 m-b 0.10
R)  14/3/1905 14.7 41.1 4.9 7 1.7 -0.45
15)  25/8/1905 13.9 42.1 4.7 7 2.01 .53 49 90-40 m-b 0.00
16 8/9/1905 16.1 38.5 7.0 10 4.27 3.96 3.43 2.86 .29 15 15 0 8 -0.25 ~0.15 0.00 -0.05
17) 26/11/1905 15.0 #1.4 5.0 7 2.19 .37 7% 30 m 0.00
18) 23/10/1907 16.1 38.0 5.9 10 3.97 3.55 2.86 2.01 .55 .67 57 59 45 8 30 0,30 0.40 0.25 -0.10
19) 1071271908 15.1 38.0 5.0 8 2.36 1.0 -0.50
20) 25/8/1909 11,2 43.1 5.1 8 3.332.84 .58 .49 -79 =79 30 n 0.45 0.35
21 7/6/1910 15.4 40.9 5.9 10 3.70 3.28 2.89 2.11 .52 .23 .21 .17 -57 -69 -57 -47 20 n 0.10 0.35 0.30 0.00
22)  19/2/1911 12.1 #4.2 5.1 7 1.89 .45 40 0 mn -0.35
23)  13/9/1911 11.4 43.4 4.8 8 2.87 42 86 0-90 s 0.15
2h) 28/6/1913 16.2 39.6 5.5 9 3.49 3.18 2.25 .50 -75 20 b 3.25 0.35 -0.05
25)  4/10/1913 14.7 B1.5 5.4 8 2.97 2.22 .25 82 60 m 0.05 -0.30
26) 27/10/19%& 10.4 4.9 5.9 7 2.9 .52 -3 15 b-8 O -0.45
27) 13/1/1915 13.6 41.9 6.8 11 4.34 4.04 3.34 2.66 .38 -64 10 m 15 0.00 0.10 0.05 -0.10
28) 22/4/1916 13.4 42.3 5.0 7 2.m .54 51 55 m 20 0.20
29 4/7/1916 13.3 42.8 4.4 8 2.55 2.25 71 .82 70-35 m-b 0.20 0.35
30) 16/11/1916 13.2 42.6 5.0 8 2.73 2.18 73 .71 37 60 n -0.10 -0.20
31)  26/4/1917 12.1 43.5 5.5 9 3.23 2.81 2.3 .61 .34 .50 -18 -21 -29 40 n 0.00 -0.05 0.05
32) 2/12/4917 13.8 41.5 4.8 9 1.89 .56 38 75 m -0.15
33)  29/6/1919 11.5 49.3 6.2 9 3.49 3.12 2.71 .53 .41 .48 -45 -50 -50 0 s -0.35 -0.30 -0.15
34)  10/9/1919 11.7 2.8 5.3 8 3.21 2.70 .73 1.0 . -0.10 0.05
35) 7/9/1920 10.3 44.2 6.3 9 3.68 3.32 3.01 .56 .56 .43 =53 =41 -41 0 b-s 0 -0.20 -0.20 0.10
36) 28/8/1921 13.71 43.2 4.7 8 2.61 2.11 1.0 0.05 0.2
37) 29/12/1922 13.6 41.8 5.5 7 2.86 T -4 35 -0.40
38 2/1/1924 13.2 43,7 5.2 8 2.9 2.55 .67 -0.10 -0.05
39) 11/10/1927 13.4 41.9 5.0 7 2.15 .53 70 75 m -0.0
40) 28/10/1927 09.6 44.5 4.8 7 2.19 .70 42 45-50 m-b O 0.15
41) 26/12/1927 12.7 81.7 4.4 8 2.25 1,74 .75 1.0 -10 25 m -0.19 -0.20
42)  18/7/1929 11.4 43.9 4.6 7 1.89 48 -4y 0 b 0 -0.05
43) - 27/4/1930 44.6 40.7 4.5 7 4.71 .73 28 90-50 m-b 55 -0.15

DOI: http://doi.org/10.2312/zipe.1972.018

8¢



29

Table 4., Estimation of parameters of the linear law log Q(M, J) = CQ(J) + dQ(J) M
l.r. = linear regression, l.s. = least square method
Variants 13, 14, 15 refer to the cluster

p 5 3 4 5 6 9 8 9 10 1 12 13
Va~ In- Me- Quantiles of Quantiles of
i~ tem- thod N & &g 6y 72 5 ne_o oq
ant  sity 2.5% 97.5 % 2.5 % 97.5 %
1 7 1.7 Q.2 0.2 0.231 0.417 64.3 -1.134 0.79
2 7 Lom, 37 0.25 0.2 0.198 0.402 52.6 20.6 53.2 -1.31 0.83
3 7 1l.s. 0.274 0.440 99.8 -0.60 0.69
4 8 1.z 0.2 0.2 0.186 0.3917 39.7 -1.69 0.82
5 8 l.r, 29 0.25 0.2 0.134 0.373 32.3 14.6 43,2 -1.80 0.84
6 8 1l.s. 0.244 0.419 64.0 -1.32 0.75
7 9 l.r. 0.2 0.2 0.045 0.382 8.8 -1.96 0.77
8 9 l.r. 12 0.25 0.2 0.0 0.366- 7.2 3.2 20.5 =-2.07 0.79
9 9 1l.s. 0.163 0.409 13.6 -1.64 0.72
10 10 X iy 0.2 0.2 0.0 0.166 0.18 -2.16 0.72
11 10 l.T. 5 0.25 0.2 0.0 0.127 0.15 0.2 9.4 -2,17 0.72
12 10 1l.s. 0.034 0.219 0.26 -2.13 0.7
13 7* 1.2 0.2 0.2 16.8 -1.32 0.70
14 7t l.r. 20 0.25 0.2 13.6 8.2 31.5 =2.71 1.00
15 7* 1l.s. 20.7 0.43 0.33
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The variants 13, 14, 15 refer to areas significantly minor to those obtained by
extrapolation from larger M. The group of seismic events characterized by such
anomalous Q' defines the cluster. These values of @ ' appear when a wide-range
variation of the focal depths inside the crust becomes possible.
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Preliminary Zpicentre Map of Italy from the Year Zero up to 1970

By

¥. CAPUTO ané D. POSTPISCHL '/

Suamary

The seismicity of Italian region is discussed in the sense of the hypocentre
disdributions. Four maps are constracted feferring to the following date division:

a) Map of all known earthcuskes from O to 41970 (4909 evensa)
b) wap of all instrumental earthguaxes

c) map of instrumental earthquakes of ciass A ané B

&) map of iastrumental earthquakes of class A

The comparison of the four msps ailows to locabe the following main seisaic sress:

&) Western Alps

by Easiera Alps

¢) Appenines

G¢) South Italy and Sicily

e) Deep focus sarihquakes in Hhe Tyrrhenian Sea.

4 summary of all xnowa focal mecharisms for the Italian region is given %oo.

The map presented here is derived from a catalogue of sarcvhquakxes (CAPUTO and
PCSSPISOHL 1972 [61) that collects the Italian selsnmic hisbtory from the begianing of
the Christian era (year zero) up to 197C. This work is part of 2 project which was
started in 1969 with the aim to draw a map of seismlic xisk, a map of acvive faulvus,
end to confirm the s3acility of seismic activity (BOSCHI et al. 1969 2], CAPUTO
et gl. 1959, 1972 1:37 73:‘~

The first step of the ressarch was the preparasion 0f the above mentioned cata-
logue, which was intended to be as complete and homogensous as possible with respect
%o the parameters involved, representing a dasis for further ssismological investi-~
gavions. However, althougn our inquiries were perfcrmed in a careful way, the cata-

logue may be inccmplete.

As far as the time disvributiion of the earthquakes is concerned the data have bHeen
divided into %wo groups. The first one, called jhistorical”, refers to the data
gathered from most different sources, preferably from the works of BARATTA (1901) [1],
CAVASINO (1931) (8] and MERCALLI (1897) [11] as well as from the catalogue of
GIORGETTI and IACCARINO {1972} [9] and dated from the year zero to 1900. The remain-
ing date resuvlt frem bthe existing catalogues, bulletins and the papers published

D Institute of Geophysics ~ Institute of Physics, University of Bologna, Italy
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r. this pes.od. The instrumental or macroseismic informations are divided according
:» the acruracy of the determination of the epicentres as follows: A: locations
n.3° , B: locations between 0.3° and 0.9° , C: locations > 0.9°

As to the epicentral locations the historical events were adapted to the coordi-
nates of the towns or villages that endured the maximum of dammages, according to
vhe histor.czl chrouicles. In these cases it is not possible to commit an error
regarding the =picentral location and consequently separate the events into the three
epicentral mccuracy classes. Only in a few instances,when it was possible to draw the
L30seists, the epicentre is the central point of the isoseists of maximum degree.
Joviougly the intensity is to be intended as maximum observed intensity instead of
ntensity at the epicentre.

In the case of insrrumental data the epicentres listed in the catalogue are
averaged with respect to the statements of the different sources about the same
eventrs. — The epicentre accuracy class is associated to the mean square error. The
resulting catalogue covers 4909 earthquakes from the year zero up to 1970.

In order to study the correlation among the epicentre distribution and the major
geotectonic pattern of Italy, different epicentre maps, according to the four classes
of accuracy of the determination as well as maps for different magnitude classes were
drawn. Fig. 1 shows one of these, and precisely the cumulative one, that collects
n1ll the events listed in the catalogue.

The mapping of the epicentres provides a very convenient survey of the geograph-
ical distribution of seismic activity, even if a differentiation with respect to the
intensity or magnitude is lacking. The original scale used in constructing the maps
was 1 : 1 000 000, providing a good legibility. The legend of the map explains the
different symbols used. These maps represent only a preliminary work, and in fact
we are studying a more appropriate way to express the epicentre location, magnitude,
depth, accuracy of location etc. in a unique map.

The historical events show a strong correlation between the epicentres and the
distribution of the population in the past. It may be mentioned here that we have
evidence that many small events have not been recorded'instrumentally in the period
from 1900 to 1970, due to the lack of seismic stations. In particular an analysis
of the maps of the epicentres with different accuracy allows to indicate active
seismic units.

Proceeding from north to south we mention the western Alps area, where a marked
dispersion of epicentres extending from the Simplon pass to the Ligurian coasts was
found. The epicentre locations are generally uncertain, and it is therefore not
possible to determine pavrticular alignments. On the contrary, the eastern Alps area
is characterized by a very well defined seismogenetic fault, extending from the Lago
di Garda towards NE to the Carpathian Mountains, witn the maximum activity in the
Carnia - Friuli region.

The main activity in Italy, however, takes place along the Apennines, developing
to the south into an arcuate structure of the Pacific arc type. We have an alignment
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Focal Effect on Ms Determination from Rayleigh Waves

(Preliminary Report)

By

G.F. PANZA and G. CAICAGNILE

Summary

The theoretical amplitude spectra of RAYLEIGH waves for different focal mechanisms
have been computed in the period range 250 - 2 sec, using BEN-MENAHEM end HARKRIDER'SH
formula. The depth dependence of Ms in the range 5 - 75 km is of about three units,
while the influence of the orientation of displacement dislocation at a given depth
is less than 0.3 units. The depth dependence is decreasing with increasing depth and
at about 35 km it becomes comparable with the influence of the other focal parasmeters.

9. Introduction

In vhis paper Ghe influence of the focal mechanism on the magnitude determination
using RAYIEIGH waves is investigated. We consider earthquakes taking place in 3the
shield structure, considered by PANZA et ai. (1972) [3] in the depth renge from 5 %o

75 kn.

2. Purpose

The purpose of this preliminary paper is to point out the problems connected with
the magnitude determinations of surface waves from a theoretical point of view and
tc show the extreme errors in magnitude determination introduced by the lack of
knowledge of the focal mechanism. A study of the possible sources of smoothing of
suich errors remains outside the frams of this note.

3. Theoretical magnitude estimation

Recently many authors (e. g. VON SEGGERN 1970 [5]; SYED and NUTTLI 4971 [6)) have
discussed the effect of focal mechanism on magnitude determination both for body
waves and surface waves.. In this paper we analyse the effect of the focal parameters
on the magnitude determination from surface waves.

We have considered the amplitude spectra for the fundamental RAYLEIGH mode in the
period range 250 -~ 2 sec{;given by

1 3 3 : &
D Istituto di Geodesia e Geofisica,Universitd di Bari - Itslia
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3n/

1
ip i3n/4 ,
() o2 = (R e °}K5 e x(o, W) IOV A

Expression (1) was obtained by BEN-MENAHEM and HARKRIDER (1964) [2].

In Fig. 1 examples are given of the amplitude spectra for dip-slip and strike-
slip mechanisms as they have been obtained by PANZA et al. (1972) [4]. We can see
that the amplitude maximum is strongly depth-dependent.

In Fig. 2 it is shown how (AE/TZ) changes with depth for different orientations
of the displacement dislocation; Ay is the maximum amplitude and T, is the corres-
ponding period. The shaded area refers to the case 6 = 30°, 45° £6% 90°,
A = 180°, 270°, where @ is the azimuth, & is the dip angle, A is the slip
angle, as defined by BEN-MENAHEM and HARKRIDER (1964 ) [2]. As it can be seen in
Fig. 2, the relation 1log (Aa/Ta) versus h 1s not linear and it seems that for deep
earthquakes depth variations of the focus are not so critical, hence they become
comparable with variations in the dislocation orientation. Over the depth range
5 - 75 km we can have 3 units of error in magnitude determination.

VON SEGGERN, computing the theoretical surface wave magnitudes for different
sources at the same depth, has found an error of more than one unit considering the
amplitude at about 20 sec, as it is practically done in routine work (BATH 19664[1]).
This is an error which is larger than that one shown in Fig. 2 and it is critically
connected with the choiee of T around 20 sec.

It fact, for mechanisms of the strike-slip type (e. g. 6 = 90°, A = 180°) it can
be shown that at a focal depth of about 18 km the periods around 20 sec can be
characterized by the well pronounced and narrow minimum which in Fig. 1A occurs at
about 29 sec and 10.8 sec, respectively; for h =35 km and h = 7 km. Obviously,
this fact can affect significantly the magnitude determination if we consider
T ~ 20 sec, while to consider T = Ta, as we have seen, makes the dislocation
orientation less critical at least for h s 35 km.

Finally, an analysis of the -azimuthal dependence of the magnitude has shown that
such a parameter causes a modulating effect. This effect is not relevant for our
considerations, at least neglecting determinations from a "station" within 5°
azimuth off nulls, even if it can have a smoothing effect on the theoretical errors
previously mentioned.

4, Discussion

It seems important to emphasize that a correction of focal mechanisms must be
applied only for certain purposes. In fact the magnitude correction for the focal
mechanism is appropriate if one is concerned with an estimate of the seismic energy
or in order to set up an Ms - m, discriminant between earthquakes and explosions
which is as free as possible of regional effeects, while it is not appropriate for
seismic risk evaluation. In the latter case an accurate determination of the focal
depth can give useful information about which instrument (long-, intermediate-,
short-period) must be used in order to have the most accurate possible measurements
of the ground displacement.
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41

We have considered the possibie theoretical sources of errors in magnitude deter-
mination from RAYIEIGH waves assuming a double-couple source representation of con-
stand vector magritude. Our results can be summarized as follows:

a) The focal depth is the critical focal parameter for O Shs 35 km; for deeper
sources the influence of the other focal parameters becomes relevant as well.

b) For the considered focal mechanisms the obtained dispersion in magnitude deter-

minations is of about 3 units.

In order to have a more complete picture of the problem it will be necessary to
deal with a structure significantly different from the one considered here and the
possible contribution of the higher modes. The introduction of a source of finite
dimension may be important, too. This study willi be the subject of a future paper.
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On the Magnitude Distribution and Prediction of Earthquakes

By

G. PURCARU 1) and R. MAAZ 2)

Summary

Some problems of the frequency-magnitude distributions are analysed and the possi-
bilities of extrapolation of these relations in the range of small and great magni-
tudes are considered from the point of view of earthquake prediction. One of these
distributions, the lognormal magnitude distribution , is studied in detail. More-
over,the confidence intervals of the coefficients of the corresponding frequency-
magnitude relation and some discussions are given.

Introduction

One of the principal ways léading to the prediction of earthquakes is the study
of the statistical laws of their occurrence in space and time, which generslly has
a stochastic character; therefore, the knowledge of its structure is possible by
consideration of the earthquakes as systems of random events.

The stochastic character of the occurrence of earthquake events implies that if

1. the statistical laws reflect more exactly the distribution of different parameters
of the earthquakes and

2. stochastical models describe more precisely the behaviour of the system in space
and time,

the problem of earthquake prediction can be solved more exactly. In literature many
papers exist which deal with both of these aspects, and some important theoretical
and practical results have been obtained.

In earthquake forecasting three parameters must be predicted, the location, time
of occurrence, and magnitude or energy, the second of which is most difficult to be
determined. Concerning the magnitude or energy the fundamental problem consists in
the determination of the real magnitude distribution for a given earthquake event
system and the'possibility of extrapolation of observed data on magnitude (energy)
in the range of its small and great values. In the present paper we shall present
some results regarding this problem and make different considerations especially on
the lognormal distribution of magnitude.

1) Minig Res. Institue Bucharest (Romania), Calea Victoriei 220, Sect. 1
Bucharest

2) Central Barth Physics Institute of the AdW der DDR, part Jena, 69 Jena
(GDR), Burgweg 11

DOI: http://doi.org/10.2312/zipe.1972.018



43

2. On the frequency-magnitude relation

At present in almost all papers the GUTENBERG-RICHTER (G.-R.) relation is used to
express the dependence between the log frequency of earthquakes and magnitude or
energy. This fact implies that the magnitude follows a negative exponential distri-
bution while the energy obeys the PARETO distribution.

But it has been observed in some seismic regions that the G.-R. law can be inade-
quate, and the function log N(M) = @ - 8 M does not satisfy in all cases the
observed distribution of earthquake frequencies with respect to M or 1log E. Some
time ago a generalized frequency law for earthquakes in the detailed study of the
seismic regime has been introduced [20]. The deviations from the G.-R. law have been
observed bothAat left-hand and right-hand sides of the linear graph of the frequency-
magnitude relation. In other words, the extrapolation in the range of minimum or
maximum magnitudes is not correct in these cases.

Therefore, other frequency-magnitude (energy) relations have been introduced to
satisfy the real conditions, the forms of the graphs log N(M) being nonlinear. For
instance, in two areas ot Tadzhikestan it has been observed [11] that the mean long-
time graph log N(K) =6 - vy K (K = log B, joule) is nonlinear in the range of
strong earthquakes, and a better relation was introduced.

For the earthquakes of Japan and its vicinity it was established [13] that, al-
though the G.-R. relation is available, the magnitude distribution has a form
different from the negative exponential one. The given type of frequency-magnitude
relation agrees very well with the observed values of magnitude of the largest earth-
guake occurred in or ncar Japan.

In the papers [7, 8] the frequency of earthquakes with X = 7 - 15 has been
investigated for some zones of USSR, and the following results were obtained: The
frequency graphs 1log N(K) are formed by two straight lines with a common point
situated in the range K = 11 - 12 , i. e. in the domain of relatively strong earth-
quakes. However, the frequency function proposed in [8] results in discrepancies from
the observational data at both ends of the graph, and the authors suppose a quadratic
form to be valid for the frequency-magnitude relation. A similar phenomenon has been
observed for the form of the earthquake frequency graph with respect to magnitude in
some aftershock sequences [3, 14]. But in comparison with the deviations from the
linear graph of log N(M) or log N(K) in the range of relatively large or large
magnitudes the deviations in the domain of small magnitudes or energies represent a
more difficult problem. Here the difficulty consists in the problem if these devia~
tions are real or only appear to be a consequence of an insufficiently correct
estimation of the representativeness of earthquake frequencies (of a given M or
class K) with small values of magnitude or energy. In any case, according to [4]
the use of nonrepresentative classes (due to low magnification of seismcmeters) in
plotting the frequency-magnitude graph has a strong influence, and considerably
falsified results may be obtained by extrapolating the left-hand side of the G.-R.
graph. — The same problem has been taken into consideration for the statistical
interpretation of BATH's law [16, 24].
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But it was established [2, 19] that in some seismic areas the observed frequencies
of earthquakes in the range of small M and. K. are smaller than those obtalned by -
left-hand extrapolation of the linear frequency graph. It must be mentioned the result
obtained in [2] that the general linear form of the graph of frequency function of a
vast region is a consequence of-the‘superbbsition‘(summation) of more curviliniar
graphs of the individual parts of “the region,gtaking into consideration.all depth
intervals (for small zones and different depth classes‘és well as for large zones the
log N(K) = -'£(K) has a curviliniar form [2,3]). In the same. paper [2] a detailed
analysis of the above conclusion is given, ‘especially on the basis of breakage pro-
cesses for which the lognormal distribution is used [6]

In [6] it has been demonstrated that in.breékagevprOcesses the size of particlies
in crushed rocks obeys to a lognormal distribution. Basing on this result and on
stringent physical relations between rockbursts and earthquakes, in [9] the first
suggestion is given as to. that the frequeﬁqy—magnitﬁde law has to be interpreted as
a lognormal distribution rather than a negative éxpdnential distribution. This is
mentioned also in [24]. Later the same question was treated in [5, 12]. It was con-
sidered that this distribution better approximates the nonlinear form of the graph
of frequency-magnitude and especially the left-hand 81de in the domain of small
values of magnitude or energy. ‘

- The problem of the lognormal distribution of earthquakes is treated again in [10],
and in [12] a detailed and critical analysis of the problem of linear adjustment of
the graph of frequency-energy relation hés been performed. In the same paper tGhe
generallty of the lognormal distribution is shown, and it has been verified that for
great energy values the straight line is a sufficienp approximatiop. d

In the papers [17, 18, 21' 22] the lognormal distribution of mégnitude is applied
to the study of frequencies of Vrancea 1ntermea1ate eartnquakes. It resulted that
the lognormal distribution of M is better than the negative exponential one, and
the calculated frequencies with lognormal law are in very good agreement with the
observed data. (For the Vrancea case it is a real fact [9] that the frequencies of
small classes of M are smaller than those obtained by left-hand extrapolation of
the linear graph of the G.-R. relatlon ) A further step has been made in [21], where
an estimation of the coefficients of the frequency-magnitude relation for the log-
normal distribution without using the least square method,was given.

In this paper we”offef‘a new methbd'for estimating these coefficients, more simple
than in [21] (in the quoted paper the method of moments has been used), and moreover,
we shall determine the confidence intervals of these parameters at a given confidence
level. ‘

3. Estimation of coefficients of the magnitudeffrequency relation

Let a pattern of n earthquakes have been occurred in a given space and time.
The random variable is the‘magnitude ‘M. M (i'=1, 2, «..y n) are the values of
this variable in the lnstance. In addltlon, let N(M ) be'the observed frequencies
of earthquakes with magnitude M, and p(M Y= N(Mi)/n be the statistical probabil-
ity of M . According to the above analy51s the varxable magnltude can follow
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different distribution laws with corresponding magnitude~frequency relations (a
synthesis is given in [15]). We assume that the error in magnitude determination is
negligible, the earthquakes being independent of each other with respect to wheir
magnitudes and the magnitude following a lognormal distribution.

¥ith these assumptions it results that the log magnitude is normaily distributed
and, if P(ln ¥) is the probability density, we have [1]:

1) P(lo W) d(lp M) = 4o M) [- (ln M - 1n 9)2/(2 62)] ,
( (1n (1n oy TR exp [- (In n y)/(2 o7)]
-0 < in M < oo,

From (1) it results that the probability density of magnitude, P(M), and corre -
sponding distribution function, F(M), are of the lognormal distribution, and we can
write

t

_ 1 B 5, o _ .
(2) ®M) = = -£ exp (-%) dt , t, = (Ao M - In y)/oy,
and
. Al 2 2w
) P(M) df = —————————— eXx - (ln M - 1n Y)/(2 ¢ ; M > 0.
(3 ( " Oln m P [ Y / ln"

Because of (1) and (3) iv foliows that

(32) Prob (EMEn) = Prob(lnZ Sin¥ S1nr) ,

and if n(M) 1is the frequency of earthquakes with given M +this is equsl o the
frequency of given 1n M, whence

(4) N(in ) ¢(ln k) = NCind) SEW gy = mQw) au .
The density (1) means thas

(5) E(nu) = Iny, OD°(InN) = o5

~s

and the estimates 1ln y and Efn for the mean and veriznce cf log magnitude are given

by

) 1n 13
(6) 1ny = = I 1ln M,
n .. i ?
. 4 B Oy
(7) o5, = g—= j§1 (1n M, - 1a y)* .

According to (3) we nhave

(6a) EB(M) = exp (ln y + % o?n) ,

2 2 2
(72) D°(M) = exp (2 lay + o] )[exp (o)) - 1] .
Further, it can be observed that
(8) P(lnu) $E2 M) 4y - pay) au .

Taking the logarithm of (1) it results that we can write
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(9) 1n P(in M) d(ln M) = [A, + B, 1n ¥ - C, 1 ¥] dn k) , C, > O,
where
(10) Ay = -1n (cln V2 n) - 1n2 /(2 ofn) .
- 2 _ 2
11 B, = 1n x/aln = log y log e/alog y
2
(12) ¢, = 1/(2 05y .

Because P(ln M) is a probability density, N(ln M) a frequency function, and
n P(ln M) d(ln M) = N(1n M) d(ln M) it results that the magnitude-frequency rela-
tion has the form:

2

(13) 1n N(ln M) d(ln M) = A+ BlonM-C 1n° M d(ln M) , c > 0,
where
(13a) A = A1 +1lnn, B = B, c = ¢, .

This method was partially used in [17]. It must be observed that (9) and (13) are
not identical because (9) represents the logarithm of the density function and (13)
the logarithm of the absolute frequency N, depending on the total number of earth-
quakes, n, in the given instance.

Practically, for working up of the earthquake observational data it is more suit-
able to use the logarithm on base 10. In this case instead of (13) we have

(14) log N(log M) d(log M) = (Ao + B, log M - C, log2 M) d(log M) , Ch > C

Taking into account (13a) we obtain

(15) A, = Aloge = A loge+logn,
(16) BO = B = B,1 .
(17) ¢, = C/log e = C,/loge .

Similar relations can be given for probability density (3) as follows:

(18) In P(M) = a' +b' lnM-c¢' In° M, o' > 0.
Using (10), (11), and (12) we obtain

(19) a' = Ay b' = 31 -1, et = c, -

As 1n N(M) = 1n n + 1ln P(M) , it results
2

(20) 1n N(M) = Ag + lnn + (Bq - 1) ln M - Cq 1n” M
or
2
(21) log N(M) = A1 log e + log n + (B1 - 1) log M - TE%_E log™ M
and
a,+b log M-c_log’¥
(22) N(M) dM = 10 aM ,
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(23) a, = Ay log e + log n , b, = By -1, €, = C1/log e .

Finally, we obtain the following relations between the coefficients used above:

(24) a, = A, = A loge = A;loge+ logn = a' log e + log n ,
- _ 4 _ _ B = B

(25) bo = Bo 17 = B 1 = B1 1 b' ,

(26) e, = C, = C/log e = qulog e = c'/log e .

Kow the coefficients from (24) - (26) can be given as a function of A,, Bq, C1
from (10) - (11), respectively. The results are identical with those given in 17,
B,, and C, are exactly the coefficients a, byand ¢ from [17] and

o Co 2re respectively the a*, b*, ¢* from the quoted paper.

where Ao,
A1 log e, b

It may be mentioned here that because the frequency N is likewise a function of
M or log M and considering also (4) and (23), it results that the relation
log N(M) = a + blog M - ¢ log2 M given in [17] must be considered with respect to
d(log M). This is true because in [17] the estimation of the coefficients of the
above relation - by moment method - have been determined with respect to 1n M (and
log M). At the same time the equation (22) must be considered with respect to dM.
Tne relations (24) -~ (26) can likewise be obtained by only using P(log M) =

= {K/(0 log /2 D)] :
(26 exp [~ (log M - log 1)%/(2 yi’g)]

where K = 1log e .

4, Confidence interval formulas for the coefficients of magnitude-frequency relation

In this section we shall give the estimation of the confidence intervals of the
coefficients of the magnitude-frequency relation for the distribution used in this
paper.

For the lognormal distribution of magnitude the probability density is given by
(1) for 1n of the magnitude. The magnitude-~-frequency relation has the form (13) or
(14) or (22), which can be obtained by changing the variable,

(27) g P(ln M) aM = P(M) QM .

~
Because E(ln M) = 1n y , D2(1n M) = a%n , the estimators 1n y and an , according
%o the above formulas, are given in the expressions

oo B B
(28) Iny = — = —0° ,
2 8, 2 G, 1log e
e B, T A o1
2 C1 2 CO log e

where Bq, éq, éo’ Go are the estimators of B,, C,, B, C,, respectively, which can
be determined easily Ly the help of (6) and (7).
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If I,(ln y) is the confidence interval at the confidence level (probability) B8,
we have [25]:

fn g < o %1n
0 Prob (1ln -t,(n~-1) ——= 2 1n. = 1n + t,(n=1) —=)y= B,
(307 Fro v - o VR T ' 77

where the parameter tﬁ(n - 1) has the STUDENT.distribuﬁion (given in special ta-
bles) as a function of B with n - 1 degrees of freedom. Thus, it can be obtained
easily that the confidence limits for Eo satisfy

2 ¢ log e ] R 2 @ log e
R - - NPT © e S < s - S * S
(31) B, : tB(n 1) = = B, = B, + tB(n j) - = 5

which gives the interval IB(BO) . In (31) the parameter 66‘ is fixed and given by
(29).

To calculate the confidence interval of the coefficient Cd at the confidence
level B we use the fact that the random variable (n - 1) 3? 2

B has a x~ distri-
bution with n - 1 degrees of freedom. Therefore,

2 (n - 1) Ein 2
(32) Prob(x,]_a/2 (4~ 4} & ——my—— Xa/2 (n-1))= B,
®1n

2

where ¥ (n-1) means the x“ distribution with n - 1 degrees of freedom and
/2

a/2 =1 - (B/2).

From (32) and using (29), the confidence limits for Co satigfy the condition

S 2 A 2
C, x (n-1) : C. x (n -1)
o X1-g/2 < < o *a/2
(33 n-1 = G = n .- 1 $

and therefore we have immediately the confidence interval Iﬁ(Cé) for a given proba-
bility B =1 - a (for given f and n the values of xi/z S (n - 1) exist

¥
in special tables).

5. Conclusions

The above analysis results in the following conclusions:

1. In different seismic regions variant magnitude (or energy) distributions besides
the negative exponential distribution are existing, hence the G.-R. relation
cannot be accepted in all cases.

2. To give an extrapolation in the range of great values and expecially small values
of M, for earthquake prediction firstly the magnitude distribution type must be
known.

3. The determination of magnitude distribution type is very strongly conditioned by
the representativeness of the magnitude (or energy) classes.

4. By a method distinguished from that given in a previous paper estimations of the
coefficients of the magnitude-frequency relation for the lognormal distribution
of magnitudes are presented.

5. The confidence intervals of the coefficients are also given.
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Refined Determination of the i’arameters of the Lognormal Energy-~Frequency Law

By

H. NEUNHOFER and R. MAAZ 1)

Sumnary

Tiil now, some methods are known for calculating the parameters of a lognormal
energy—-frequency law of earthquakes. But they are not even suitable because they
effect an unwanted weighting of the observation. Therefore, another method of
adjustment is described. Starting from a first approximation, the parameters of the
lognormal distribution are calculated as exactly as wanted by an iterative process,
using the rulss of trial and error and the method of least squares.

1. Introduction

Let us consider a manifold €, of n earthquakes observed inside the region of
investigation, I, during the period ¢. I' may be a simply connected part of the
earSh. The seismic energy released by the i-th earthquake of €, is denoted by
E, > 0. We suppose that the earthquakes considered are not interdependent. For that
rgason the energy Ei of any possible earthguake is treated like a random variable.
It belongs to the energy interval (E - 0.5 dE, E + 0.5 dE) with the probability
w(E) 4B,

o0
(1) wE) 2 0, J w)dE = 1.

o
In recent years the probability density w(E) arose interest with respect to the
physical processes in seismically active regions and the seismic risk as well. In
this connection the exact determination of a suitable. function w(E) is very
important. There exist a lot of different approaches for w(E). One of them is

2) wE) =

2
1 1 -1 i
exp (- U2 E-12 By
~2rn o B 20
introduced first by NEUNHOFER [1] with regard to theoretical considerations.
Expression (2) represents a logarithmic normal distribution over E. The adequate
one over 1ln B is

2
1 - *
exp [- (ln B %n E*) 1.
1/2 TGO 20

It represents a normal distribution over 1n E with the standard deviation o and
the mean 1n E*. (2) and (3) are connected by w(E) dE = w(ln E) da(ln E).

(3) W(in B)

D Central Farth Physics Institute of the A4W der DDR, 69 Jena (GDR), Burgweg 11
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o and E* or 1ln E*, which characterize w(E) and W(ln E), can be estimated
from the set EO by means of

(4) 1ln E* =

Bl

g ln E 02 = ] ? (ln B, - 1n E‘)2

Za 1 B = a=7 2z g7 n BT

if €& is representative for the manifold of all earthquakes in [I'. But in practice
there are many weak earthquakes which cannot be observed entirely. Therefrom
follows that the calculated 1n E* and o become too great or too small, respect-
ively. Therefore, it seems to be reasonable to compute the wanted parameters by an
adjustment, for instance by the least squares method, using only such energy classes
the events of which are observed entirely. We suggest an iterative procedure which
is suitable for the use of digital computers.

2. Determination of the parameters

First of all, a reasonable first approximation is needed. It can be yielded by
the formulas (4). But it seems to be more favourable to use the following conside-

rations:

Let € be the set of all earthquakes which occurred in I' during 2, GO LT .

and be T 2 n the number of events of &. The set may be representative for the
manifold &. Consequently, the mathematical statement for the frequency distribu-
tion, N(ln E), is proportional by the factor B to the probability demsity,
W(ln E):

— L - s
(5) N(lnE) = nvw(ln E) .

Of course, analogous relations are valid for w(E), too.

From (3) there follows

(6) 1n W(ln E) = @y + 8, 1n E - y,(1n E)2 "
where
- N2 sy 2
@y = - ln ¢ /2 ® - (ln B*)/2 o ,
- *Y /2
(7) Bo‘ = (ln E )/0’ ’
¥ = 1/2 62 v
Because of (5) we obtain
(8) nF(InB) = A, + B, InE~C, (1n B)? ,
where
(9 4, = a4 +1n1, By = By, C, = vq > O.

The coefficients A{,'B1, and 01 of equation (8) can be determined by the least
squares method. It is necessary to classify the events of EO and than the log-
arithm of the frequencies of the different classes must be computed. But only such
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classes can be taken into account the events of which are expected to be observed
entirely. Otherwise the subset inside a class is not representative. Therefore, the
set E of eartgguakes used to determine the Aq, Bq, and C1 is a subset of EO,
i.e. EcCE cC.

From (7) and (9) it follows

I

(10) @ @cp™2, mE = B (2 e,

s 1 Re

(") 1@ = Ay = 3 B85+ 4 1n(n/Cy) .

Such a fitting of ﬁ(ln E) to the empirical data E is not a ‘correct one because
there are used the logarithms of the frequencies N, of a class j and not the
frequencies themselves. That means a not wanted weighting of the Nj . We congider
the m , o, and 1n E* sc computed as the wanted approximations x(o ¥ y(o), and
z(o) of the unknown parameters x, y, Z.

The question is how to construct in a simple manner a sequence x(m>, y(m), z(m)
(m =0, 1, 2, «..) converging to a Lriplet x, y, 2z which minimizes

(1) £ 2%y, g0, 8 - N2 = 8, 0
sc that

(13 ;ig S(X(m), y(m), Z(m)) = 8(x, y, ) = Min.
is valid.

Constructing the point sequence x(m), y(m), z(m> the assumption is made that all
points and aiso the final one x, y, z are situated in a surrounding of the first
approximation x(‘))(J y(o), z<°). Suitably the surrounding of the starting point is
bounded by planes which are perpendicular to the axis of the Cartesian coordinate
system. The length of the edges of the rectangular parallelepiped must be adapted %o
the values n, o, and E* as well as to their inaccuracies. For constructing the
sequence mentioned above, it is recommendable to compute (12) for the rnet points
éefined by the three families of coordinate planes

+h_/HT
(2 = xﬁm) with xﬁm) = 4q x/ - x(m) and hx = 0, 1, *voy Hx ,
X X
+h_/HD
adn = 3w = GV @ e m =01,
y
+h_/HZ
L = zﬁz) with zéz) = q 7 2™ g b, = 0,1, -++, H, .

For each m the oubter planes bound a rectangular parallelepiped around x(m), y(m),
z(m). Any family of planes refines the former one. There must be given the values

+Hy 1 +Hy 1 +H, Y
(15) & =4q, 7 = A, , o= gyt A, £ = q,° = A
obtained from (14) for m = 0 and h, = #H by which the boundaries of the first
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surrounding are characterized. Then the equations (15) have to be comprehended as
cohditions for the choice of Qys Hx’ etc. It is necessary to use a sufficiently
fine grid for being sure that the procedure converges to the absolute minimum and
not to another possibly existing relative one.

3. Accuracy

In practice the procedure must be finite, hence m S M. After m + 1 steps the
point x', y', 2' of the grid around x(m), y(m), z(m) may show the minimum
S(x', y', 2') of all computed values S(&, 7, ). This point x', y', 2' represents
the point x(m+j), y(m+1), z(m+1) of the wanted sequence if and only if it is
situated inside the parallelepipeq: But if x', y', z' is situated on the boundary,
the family of planes must be supplemented by additional outer planes. The computa-—
tions must be done so often until a possibly new triplet x', y', 2' 1is an inner
point.
Finally a triplet x(M+1), y(M+1), z(M+1) characterized by special values Ly
h}, and h; approximates x, ¥y, 2z in such a way that all further triplets of the
sequence, including its limes, are placed in the surrounding of x(M+1), y(M+1),
z(M+q) defined above. Therefore, it holds concerning x

' M v M
(16) |x - x(M+1)I < (D qihx+1)/Hx - x( Q2X/Hx s

hence

(M+1) o) ni/ES /ad (1) 4/mM
R S e el C ML D RIS Sy S S
or approximately

M+1)
(18) l——-———lx‘i( 2 q -1

with

1/uM

X

(19) 9 = q, ~ .

Consequently, Qx -~ 1 represents the bound of a relative accuracy which must be
fixed, e. g. to 10'2, that means Q = 1.07. Because of (15) equation (18) yields
the condition

le Ay
+1
(20) B = .

Similar relations hold for y and z. A special example is:

A, = 10, g, = %01, He = 4 —> M =3, g = 370.

With each of the M + 1 steps at least (2 Hy + M2 Hy + 1)(2 H, +:1) values
8(&, n, L) are computed. So it is possible to estimate the compﬁtational expense,
In the realistic case
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Ay = A =4, =10, Q =Q =Q,=1.01, H =H =H =4

at least 4 Xx 93 = 2916 computations of (12) are necessary. The postulation Qx =
= Qy = Qz = 1.001 requires two further steps, that implies 50 p. c¢c. additional

expense.
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Projective Seismicity and Focal Volume

By

R. MAAZ and W. ULIMANN )

Summary

The projective seismicity of a single earthquake results from the local seismicity
of the concerned gquake. For the focal region a spherical and a cylindrical model are
discussed. The volume of the focal region is identified with the focal volume. For
calculation of the radius of both the sphere and the cylinder a common formula based
on the BATH and DUDA relation between the focal volume and the magnitude of an earth-

quake is used.

Studying the distribution of earthquakes with respect to space and time requires,
begides the systematic coilection of the seismic data, a Gheoretical conception for
working up these data. Such a concept is up to now a matter of scientific research
and has to be adeguate to the special aim of the study of distribution of the earth-
quakes in space and time. With respect to tectonical processes leading to the release
of earbhquakes it seems to be essential to have regard on the deformation energy of
single quakes for the guantitative description of their space-time distribution.
These energy values can be estimated only from that energy amount which is radiated

by seismic waves.

The tectonical aspect of earthquake activity as well as the physical aspect led
the authors to start from, and to carry on, the old idea to comprehend seismicity cof
a region and a time interval o as a sum of all values E; (L=, 2, ssa) of
concerned earthquakes related to the volume or area of the investigated region and
to the duration |d| of the considered time interval [4]. The suitable generaiiza-
tion of this definition yields seismicity S[Z,t] as a continuous function of space
point 2Z and time point +t by superposition

(M slz, t] = =2 sz, t]
i 1
of the contributions si[z,t] belonging to the single earthquakes marked by their

number, 1. The function si[z,t] has to be comprehended as the distribution of
energy Ei in space and time. Therefore, we put suitably

(2) Si[z’ t] = E:L Pi(t) qi(Z) ’ J‘ Pi(t> at = J qi(z) av = 1,
O'i wi

where oy and w; mean the time interval and the focal region, respectively,

1) Central Earth Physics Institute of the AdW der DDR, part Jena, 69 Jena (GDR),
Burgweg 11
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yielding an effective contribution of that quake to the seismicity value in Z and
t. It is clear that dv and dt denote the time eslement and volume element in Z,%®.

Furtheron, seismicity is regarded not as an explicit function of time ¢ but of
a time interval o which may be large enough, say some decades. The seismicity
funtion S[Z, 8] at point Z for the time interval & is expressed by

(3 s(z, 8] = ap [ 8z t] at = 37 (8 [ py(6) at] 4@

The integral

4) gpi(t) at = J pi(t) at = (Pa)j_ <

0noi

gets the value 1 if the corresponding time range o5 of the i-th quake is totally
part of the studied time interval o. To put pi(t) as a DIRAC function with its
maximum at the i-th focal time ti is mathematicaily very simple but physically
rather irrelevant. Nevertheless, if we do so, all earthquakes ins:de of ¢ coatri-
bute with (Pb)i = 1 and all quakes outside of & with (Pé)i = 0 ; so whey are
of nmo interest. That is the mathematical expression for The present sizuaiyion of
studying seismicity of a time interval.

It is not convenient to represent seismicity of & space. Thesrefore, iv is usual
to give a two-dimensional representation of space seismicity maps drawing llnex of
equal level. Then it is necessary to coliect the comcerned information along thz
vertical straighv line coinciding with the arbitrary point Z° at the surface of
the Earth. That means, we have %o give up information about the variabilisty of the
seismicity depending on depth z. This is obtained certainly in “he Desti manaer 3y
defining seismicity 5'[2', 8] of surface point 2' ae She integral mearn

(5\! Sq.[zy’ 13] - _!_gT J_" S[Z, g] av
¢ £

with respect o the infinitesimal projection core e. This field function is callied
o

projective seismicity. Iv is &gain a superposition of cervain coatributions si{Zt <,

(6) a'[z', 9] = = si[z, 9] ,
3§ -
where
. - 3EPy |
(7 e[z, 9] = 2] ¢

W,&Q(Z)dz, Zel, /AN A

(Purtheron the index i1 is omitted.) Here R means the radius of the spherical
Earth. The function s'[Z', 8] represents like fcrmer heuristic functions a two-
dimensional distribution of the individual energy E without any fixation of the
seismicity distribution with depth., Especially this expression doess not contain the
focal cepth which is a provlematical parameter in former statements.

The procedure to define seismicity demonstrated here has the advantage to reducs
the wprojective seismicity" to the individual physically motivated function ¢g(2).
But now there is the problem to find a suitable function q(Z). - The most obvicus
statement for q(Z) is

(8 q(z) = f(x), x =92, f£f(x) = 0 for x

nw
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where q(2Z) depends only on the distance, x, of point 2 <from the hypocentre. The
focal region w is limited in this case to the interior of the sphere x < r. The
most simple analytical statement for £(x) is a polyncmial of at least third degree.
For example, the expression

2 3
(9) f(x) = ;—EELQ [1-3 (%) + 2 (%) ] for 0 % x S
nr
realizes the obvious requirements
(10) £¢0) ¥ f£(x) > f(r) = 0, £'(0) = £'(r) = O

and (2), that means the condition of normalization

1) [ aZ) av = 1.,
w

Now the expression (9) for q(z) helps by integration along the vertical straight
line Z to the formula

45 B P

] T - 4 - t 13 — 2\2" 1 + V"
(12) sI[z y 9] = E_E_E_ZZ_TBT [ 3vi+5v'"Y + %,(1 v'T)" 1n ?—:‘VT] ’
where
(12a) v' = l-\/ 1 - (%—')ZI with x' = Q'Z2' .

The function fulfils again essential requirements listed above, including the con-
dition that the integral btaken over the projection «' of w yields the amount E.
Because formula (12) seems to be somewhat complicated to compute seismicity (5), in
practice a second statement should be tried.

Representing approximately the real focal region w by a vertical circular
cylinder with centre 9, the hypocentre of the individusl earthquake, radius a and
vertical dimension 1, it is obvious to put q(2) = £,(x') £5(2) . This statement
separates a priori the horizontal and the vertical variations of q(Z), and the
integration in formula (7) along the vertical straight line U yields a value in-
depending of distance =x' being the epicentral distance. In analogy to former re-~
quirements we have the conditions

1%

(13) £,(0) £,(x') > £(a) = 0, £i(0) = fi(a) = O,

(14) £,(0) Z £,(Jz - h) > £,(3) = 0, £3(0) = £33 = O,

and that of normalization. They can be realized by the polynomials

1 2 v 3
(15) £y(x') = ;—“—0—?[1-3%-) r2 &7,
T a

- hl.2 - 3
(16) £,(lz -n|) = £[1-3 E&=BL" o 22 nlydy

so that we get the contribution

3 E P13
(17) S:'[I[Z', 19] = E—m— f,l(X') .

Besides, we have been led tc this cylindrical model of w by discussions with Prcf.
GORSHKOV and Dr. SHENKAREVA at the Lomonossov University.
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.To compare the results one should put r = a so that the horizontal dimensions
of the two focal models are equal. The values si[Q', 9] and siI[Q', #] at the
epicentre Q' are related by

(18) s1[Q', 0] : sr7[Q', 9] = 9: 8.

Thence si[Z', 9] is more concentrated near the epicentre than syy[2'y, ©] and
diminishes more rapidly. From the seismologically obvious conditions sI[Q, 9] =
= 877[Q) ®] and r = a results

(19) 1 = % 2r

as the length of the cylinder.

The open question on the dimension of the focal region w reduces now after all
these considerations to the determination of &r, that means to the seismological
estimation of w where the radiated seismic energy was concentrated before the
quake.

L]
With the study of aftershock series of strong earthquakes of magnitude M BATH and
DUDA stated statistically that the hypocentres of a complete series determine a vo-
lume V according to

(20) 1gV = -5.42 4+ 0.51 + (1.47 + 0.14) M, 5.3 £ M $ 8.7

(ef. [1]). It has to be supposed that a great part of the energy of the main shock
is concentrated in the so defined focal volume. But the amount of energy of the

main shock outside that volume may be comparable with the first energy part because
the main shock lies usually at the border of this region. Therefore, in the sense of
a heuristical procedure it is allowed to identify the focal volume V of the earth-
quake series after BATH and DUDA with the volume |w| of the focal region discussed
above, so we have to put in the case of the spherical model

(21) v = |wI| = %TII‘B,
whence results
(22) 1lgr = =-2.01+ 0.27 + (0.49 + 0.05) ¥ ,
or to put
16
(23) VvV = Jurg| = g7 >

in the case of the cylindrical model, leading to the equation
(24) 1lgr = =-2.06 + 0.27 + (0.49 + 0.05) M .

Despite of the discrepancy that the ratio of the focal volumina equals 4 : 3 the
two relations for r do not differ seriously having in mind the value of the
variance. Therefore, a mean equation to compute r should be used in general.
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The Projective Seismicity of an Earthquake with Regard to the Probability Distribu-
tion of its Bpicentre

By

W. ULIMANN and R. MAAZ 1)

Summary

For the analytical representation of the projective seismicity of an earthquake
the inaccuracy of the epicentral coordinates is taken into account by means of a
heuristical probability density distribution of the epicentre. The product of that
function with the projective seismicity of the concerned quake is the integrand of
a surface integral which defines the probable projective seismicity at any point on
the Earth's surface for the considered period. The intersection of the projection of
the focal region to the Earth's surface with a region belonging to that point, de-
termined by the definition area of the probability density of the epicentre, repre-
sents the integration region. Practically, the integration proves to be very compli-
cated. But in the case of a probability function being independent of the direction
of the epicentre dislocation and defined at the whcle Earth's surface an explicit
analytical formuia can be obtained 1if the model of the focal region and the proba-
bility function are assumed to be mathematically simple.

For determination of seismicity the localization of earthquakes is necessary. The
co-ordinates of a punctual seismic source, however, can never be computet exactly.
Therefore, the principally inevitable inaccuracies of the fccal data should be ex-
pressed by means of suitable probability distributions of the hypocentres also in
the analytical representation of seismicity. %or the ascertainment of thke focal co-
ordinates using instrumental data recently practicable procedures have been offered
{1, 2], which take into account systematic errors due to irresularities of the
underground structure and insufficient seismogram analysis. Suchnear-field methods
will prove very appropriate for investigation of seismicity of a seismically active

region.

A1l seismicity functions hitherto existing do not contain any information on the
probability distributions of hypocentres. This holds also for the projective seis-
micity of a singie earthquake, e, at a point 2Z' of the Earth's surface, I'*, and
in time interval, 9, which is of interest in the following investigation. It is

represented by
(1 s'[2', 9] BEPI."J" (2) &
s ’ = a y
R[] z

[5]. In this formula E means the seismic energy of e, |®| the length of 9,

Py a temporal valuation of e with property O < Py s (ef.[3]), R the radius

7 Central Earth Physics Institute of the AAW der DDR, part Jena, 69 Jena (GDR),
Burgweg 11
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of the spherical earth, ¢ the intersection of the radius through 2' € T* and the
focal region w of the earthquake e, 2 an arbitrary point of [, dy the linear
element of L at 2 € { , and q(2Z) the spatial distribution of E in the Earth's
interior. Per definitionem of w the point function q(Z) equals zero then, and
only then, if 2 lies outside of w. The expression for s'[Z', ®] does not contain
explicitly the focal depth h of e, hence here the problem of the localization of
the earthquake e 1is reduced to the ascertainment of the epicentre, Q'.

A simple, strongly idealizing condition for w and q(2) consists in the fact
that the surface of w 1is an upright circular cylinder with radius a and altitude
1, whose axis passes through Q' and the hypocentre Q, and that the distribution
density of E can be represented by the product

(2> Q(z) = f1(x') fz(y> '

where

3) x =gz, 0% x S a

and

W ¥y = T -x2%, -3 3555 1.

It is obvious that Q 1is simultaneously the centre of the cylinder. Then because of

(5) [ ay = 1
[
for the seismicity s'[Z', o] the expression

3 E P,
(6) s'[2'y 9] = g7 f4(x")

is obtained.

The mathematically most simple representation of f1(x') which satisfies all
physically plausible conditions is

. v 2 v 3
(7 £,(x") = 3—;0—2 [1-3&) +2@&)7]
a

(ef. [3]). Instead of this relation the function
' X'Zé s <
® f,x) = —[1-&E)] (© £ x £ 9
n a ;

with the properties

(9) £4(0) 2 £,(x') 2 £,(a) = O,
df, (0) af, (a)

(10) —gr— = —gr— = O,

and

.
t L A\l - 1
1) gx £4(x') dx' = »>—,

which also characterize the former expression in (7), will be used, The reason for
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this modification of fq(x') will not be clear before the end of further considr
erations.

Because of the principally unavoidable uncertainties of the localization of the
earthquake e it is not sure that the fixed point Q' € T* represents the epicen-
tre of e. As the locus of the real epicentre, however, certainly a point - Q" of
the region 8(Q') ¢ T* comes into question. The probability that the real epicentre
is situated in the surface element d4df of 6(Q') at point Q" is expressed by

e —_—> :
w(Q' Q") df, where the vector function W(Q'Q") defined in 6(Q') describes the
probability density of the position of the epicentre of e, hence

—
(12) J o wQ' Q") at = 1
8(Q")

holds and with regard to the special meaning of Q'
- R
(13) w0 > w(Q' Q") > 0 for Q" % Q' .

]
At the border of 6(Q') the vector function W(QR' Q") vanishes.

The projection of the focal region on the Farth's surface is denoted by w'. The
probable dislocation of the epicentre from Q' +to Q" effects the virtual displa-
cement of w' into the congruent region w" ¢ T*. It may be assumed that w" is
produced from w' always by the transiatior indicated by the vector Q' Q". In
that way the arbitrary point 2' € w' is transformed into Z" € w", and we obtain

— —_—
(14) Zl Z" = Q' Q" :
e
For each point 2' € w’ the set of possible translations: Z' Z" yields a region

6(Z') parallel and congruent to 6(Q'). The union of these regions defines the
point set

(15) w = U B8(2")
Z'ew'

of all the points 2" € T* coming intd question,

The probability that the picture of Z' € w' gets into the surface element
df" ¢ T* at point Z" € 8(Z') Cc w is expressed by W(Z' 2") 4f". Because of (14)
we have

— ———
(16) w(z' z") = w(Q' Q") .
Consequently, for the contribution ds"[Z", ®] to the probable projective seismicity

- —_—
at the point 2" € w and in the time interval o the displacement Z' Z" helps to
get the relation :

R
(17) as"[z", 8] = s'[z2', 9] af' wW(Z' z")

Herefrom by integration (at first on the whole region w')

N

—
(18) s"[z", 8] = I' s'[Z2', &] w(2' z") af'
\ oy

results. To each point Z" € w belongs a region 6(Z") ¢ T* , characterized by
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‘ _ e

(19) 2' € 0(2") <> W(Z' 2Z")>0.

With it the formula

( ) n[zn j' I o ‘[Z"Z") df'

20) s ! 0 .= 814" 4 v

i R 'nG(Z")

takes the place of (18) This relation is identical With (18) exactly if G(Z") = T*
and therefore 8(Q') = P*- comes true. ‘

The vector equation
— ey e
(21) Ql Z' - QI Z" — Q' Q"
obtained by means of (14) helps to understand the geometry of 6(Z") ¢ T'*. Because
Q' and also 2" in (49).are fixed points the Q' 2" in (21) means a constant

L —
vector. On the one hand, let all possible vectors =Q'. Q" with Q" € 8(Q') - be

carried to Z". Then (21) deséribes the set of these points Z' ~which define the

region B(2Z"). On the other hand, the head of the vector -Q' Q" with Q' as its
origin and Q" € 6(Q') € T* 1lies in a region 6(Q") C T* which obviously results
from 6(Q') by a half rotation in the plane Earth's surface T* about the fulcrum
Q'. Consequently, the region 6(Z'") follows from a virtual parallel displacement of
6(Q") in the plane T* which transfers Q' to the fixed point 2". These con-
siderations, notabene, are superfluous in the case 8(Q') = T,

The evaluation of the integral in (20) is nearly always very complicated, but in
general»it can be carried out technically. The analytical problems above all consist
in the limitation of the region ®(Z") and the structure of the probability density

i : ‘
W(z' zZ"). In order to get a closed expression for the probable projective seismicity
s"[z2", 9] it must be assumed 6(Q') = I'* - and

— S
(22) w(z' z") = w(e) with AN A

= o .
Besides let be
(23 @ 2" = x", 32'Q 2 = a,
and represent s8'[Z', 9] 1like in (6) by means of the function (8), then because of
(24) @° = x'2 + x" - 2 x' x" cos «
and
(25) d4af' = x' dx' de
(20) and.(18) respectively become

- 9E P a L2221 / -

(26) s"[z", o] = -————:riL— Jx'[1- (f—) 1 J w(~/ x'24x"C Dy x" cosa) de dx'
Co mRa" |9 O 0

Obviously, the aspired aim can be attained only by use of an extremely simple

analytical expression for _w(g). Therefore,

2

27) w(e) = % 232—3—5232 with b = const (b >0)
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is adopted. This function satisfies the normalization condition (12). 'The surface
over plane T+ geometrically representing the function (27) has the shape of a bell
with its absolute maximum w(0) = —%—— at the poimt 2" and the infinitely far

b= n

edge on T*. The points in which the surface is curved parabolicdlly form a circle

_ . A“w(—oe)
parallel to I'* with the radius -1 y because it holds ~——;§Z5— =0 .
Y] de

For seismological interpretation of the parameter b the notion of the standard
deviation, o, of a one-dimensional (direction invariant) distribution of the pro-
bable epicentre deviation Q' Q" = ¢ is helpful. After (27) such a distribution is

defined by
(28) w = ¢ w(o) ,
where the positive constant C has the dimension of a length and because of the

normalization condition

0 .2
29) 2¢J —_g——QQ?—E = 1
e '(j) (< + 07)

submits to

(30) ¢ = 3.

The varispce 02 follows per defianitionem from the equatiocn
2 e o b2 % 42 qu b2 3 3
& - - = 2. = A

(31) o = qi e” Cwe) de = 3 g Tau? T = B(%, =)

(ef. [41). Regariing the relation

(32) B(&. ) = e

petween the beta and the gamwe function B(&, 7) and (&) respectively as well
as the functional ecuation I'(¥ + 1) = & I'(&) ard, f£inally, the special value
P

l(g) = /7

2

(33) b? = 8 ¢°

follows from (31). It is remarkable that o = b/-/8 does not coasideradly differ
from the radius b/~/5 of the circle which is the geometrical locus of all peinte
of parabolic curvature of the bell-shaped surface represernting fthe probarility den-

sity.

With the substitution

2 12
(34) c = L 5 ii =0 = E TR + 1 > 1

X
and because of (24) the expression (27) gebts the form

2
(35) w(e) = o :

4 7 x' x"2 (¢ ~ cos a)2

and one obtains
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(36) ?n W('\/K'e + x"2 - 2x%' x" cos d) da = . b2 ?ﬂ da
0 4 x'2 x“2 0 (c - cosa)2
- boe
2x"' x"2 (c2 - 1)3/2 ’
From (34)
v O t + L] 2

+ = bT+ (x' X x")"

(37) c f— 1 L 2 x' x"

follows so that

(38) o2 - 1

1 2 21 w2 2
b 'L ox") P+ (x' + x") =
renre dL e

1)

1 '4 2 = "2 |2 2 "2 2
m [x + 2 (b X ) X + (b + X ) ] .
Using (36) and (38) the representation (26) can be transformed into

2

(39) s'[zn, 8] = SO To .
<] . = ,
T R a |9
where
(40) I = ? 2 x' (x'2 + b2 + x"z)(x'2 - 32)2 ax'

0 [xl4 + 2 (b2 - X"2) x.2 + (b2 + X"2)2_'3/2 .

For evaluation of this integral the substitutions

41) x'2r+ b2 - x"2 = u, a2 + b-2 - x"2 = A

prove suitable, Hereby (40) is transformed into
) 1 = § LpaNE-nte . g
A—a2 (U= + 4 p° x" )3 w=0 *

with
A

(43) Iy = 24A°x A{32'¢T37 ,

A

_ - 2 u du

(44) I, = & (& -4 x") A{az 5ra)
A 2
@) I = 2&-n o Pns,
A 3
u- du
) Iy = Jeewm o
where
47) ou) = (u@ + 4 b2 x2)¥2 |
Instead of (39) the explicit formula
(48) s"[z", 9] E—E—E;—EQ- 2
s - et
' T R a’ |9 =g *
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is used with the terms

2 2 2
1 A A b - x"
49) I, = & -
( 0 &) G-E T2
- ~ "2 1 -
(50) I,] = A (A 4 x"%) (—bz-;__x"z B) ’
2 2 2
- 112 A b - X" 2 Db
(51) I2 = 2 (A - x (‘B‘ = b2 N xﬁ + 1ln T+ B) ’
2 2 2 2 2
A + 8 b x" 2 w2 _ 4 b x"
(52) 1, = - b - x"° -
3 B b= + x"

and the substitution quantity

(53) B = W//(a + x")2 + b° 1//(a - x")2 + b2 .

These extensive calculations in consequence of the underlying simple functions
(8) and (27) for analytical representation of the projective seismicity and the

e
probability density W(R' Q") show, on the one hand, the difficulties arising in
connection with the determination of s"[2", ®] according to (20) and justify, on
the other hand, the choice of the function concerned.
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Comparigon of the Results of Different Procedures of the Calculating of the Magnitude
- Frequency Relation

By

D. procHAzkova )

Summary

It is demonstrated that the values of the parameters in the magnitude~frequency
relation ¢f GUTENBERG and RICHTER depend strongly on the method of their determina-
tion, Corrvesponding recomn:ndatinpe are given,

Ths relatiun beifiween the nuwber of earthquakes and their magnitude is of primary
importance in seismology ‘Tiis relation is usually approximated bty a sHraight line,
exceptionally by two or three straight lines. It is usually written in the form

logN = a-b M,

where N 4is the number of earthquakes with magnitude M + dM and &, b are con-
stants. The values of these constants vary from region to region. They depend, how-
ever, also on the length of the period, on the preliminary treatment of material
before calculation, on the method of calculation and on application of simple or
cumulative frequency. The influence of these quantities may be seen on Tabie 1,
which is calculated for the seismic region in western Greece [2].

In Table 1 the values in the first and second lines correspond to the period
1901 - 1955 and %o the extended period 1907 - 1967, respectively. The first and the
second parts of the table correspond to the ciass 0,5 of magnitude unit. The values
in the first row are calculated using centres of classes, the values in the second
row correspond to the weighted means within each class, and the third row corre-
aponds o the class 0.1 of magnitude unit, The first column contains values &, D
calculated by the least squares method. In the second cclumn values a, b ars cal-
culated by the generalized least squares method, and in the third column they ar
deternined by the maximum likelihood method. The fourth ard £fifth columns give values
of b caleuiated by the formulas of PAGE and of UTSU, respectively.

Tne values in the upper part of the table correspond to a simple freguency of
earthquakes, whereas the values in the lower part correspond to a cumulative frequen-
cy of earthquakes, By comparing all values listed in the table we see that a and
b  depend on the procedure of the preparation of data and on the method of calcu-
latich. The individual values usually do not lie within the limits of errors of the

otber values.
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Table 1.

Region 10 + 13

Least squares Generalized least squares Maeximum likelihood PAGE UTSU

a b a b a b b b

Centres of 6.03 + 0.30 0.78 + 0,05 5.24 + 0.36 0.62 + 0.08 5.31 0.64 0.59 0.62
classes 5.71 + 0.30 0.70 + 0.05 0.70 + 0.05 0.56 + 0.07 5.06 0.57 0.53 0.58
Weighted 6.19 + 0.29 0.81 + 0.05 5.49 + 0.39 0.67 + 0.08 5.54 0.68 0.66 0.69
mean 5.84 + 0.26 0.73 + 0.05 5.25 + 0.35 0.61 + 0.07 5.29 0.62 0.61 0.65
Step 0.1 4.78 + 0.29 0.89 + 0.05 4.23 + 0.37 0.56 + 0.08 4,05 0.53 0.53 0.59
4.54 + 0.26 0.62 + 0.05 4.10 + 0.33 0.52 + 0.07 3.90 0.49 0.49 0.55

Cumulative frequency

Centres of 6.75 + 0.32 0.88 + 0.06 5.89 + 0.28 0.71 + 0.06 5.95 0.72 0.66 0.68
classes 6.52 + 0.32 0.81 + 0.06 5.34 + 0.23 0.65 + 0.05 5.89 0.67 0.61 0.64
Step 0.1 6.79 + 0.14 0.92 + 0.03 5.92 + 0.14 0.74 + 0.03 5.96 0.75 0.75 0.77
6.69 + 0.17 0.87 + 0.03 5.79 + 0.1 0.69 + 0.03 5.83 0.70 0.70 0.72
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From Table 1 it follows that we must respect the following rules before we can
compare the parameters a and b valid in different regions'u

1. All values of &, b must be calculated using either the simple or the cumulative
frequency of earthquakes.

2. The original material must correspond to the same period 'and the ssme range of M
or E and the same magnitude scale, M or m. ”

3. The parsmeters have to be calculated by the same method.
4, Identical magnitude classes must be used,

Only if these principles are applied the parameters a and b can be compared for
different regions. If they are ignored, differences occur, which have no relatlon to
the process of earthquake generation itself, having a purely formal character The
detailed analysis of this problem is given in the‘papers,[1 ]
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VAl

The Informational Energy and Entropy in Statistics
and Prediction of Earthquakes

By
1)
G. PURCARU

Summary

The paper 1ntroduces new characteristics of earthquakes, the informational ener-
g8y, €&, and entropy, H. They are given by corresponding formulas for different types
of magnltude -frequency relations and models of magnitude distributions of earth-
quakes.

The.esti@éﬁipns of the coé¢fficient b are also obtained, giving its new inter-
pretation in terms of H and e. The coefficient b in the GUTENBERG-RICHTER re-
lation reflects the informational state of the given earthquake sequence with
respect to magnitude and appears as a measure of the degree of dlsorder in earth-
quake event systems. The following formulas were derived: K 10 and b = K1 €,
where .K0 and Kq are constants.

Some interpretations of H and € are made for earthquake prediction in space,
time and'size, and it is concluded that the degree of prediction can be estimated
only in a probabilistic way. For earthquake analysis the efficiency of H and € 1is
given by introducing the utility (priority) measure of an event with respect to a
given dbject. Finally, the term of informational earthquake activity is introduced
for the construction of corresponding maps as a function of different purposes.
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