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SEIEMOAOTTA.—The Observation Time Required for a Representative Sample
of Seismicity of the Earth, by Academician A. G. Galanopoulos*.

Recently, J.F.Pachenco and L.R.Sykes (1992) have elaborated a ca-
talog of large, shallow earthquakes, 1900-1989, on a global basis, that is
uniform in magnitude, homogeneous and complete at the surface-wave magni-
tude Mg > 7. According to the authors, the PS catalog is complete at magni-
tude 7.0 and above and the kink in the distribution near magnitude 7.5
indicates a difference in the exponent of the power-law distribution for events
above and below this magnitude. This is in agreement with theoretical models
developed by J. Rundle (1989); Rundle derived different exponents in the
power-law earthquake distributions that relate frequency of occurrence
and size of events. Rundle’s derivation was based on the “W-model”, but the
reality may not be as simple as a “W-model” or an “L-model” (Romanowicz
and Rundle, 1993).

According to Y.Y.Kagan (1993), the existence of two separate and
independent earthquake populations: (1) that of regular earthquakes and (2)
that of characteristic earthquakes, presuposed by the «Characteristic Earth-
quake Hypothesis», can be explained either by statistical bias or statistical
artifact. Besides, the hypothesis cannot be regarded as proven.

The logarithm of the cumulative rate of occurrence of earthquakes per
year of a given size or larger as a function of the magnitude M;, corrected on a
worldwide basis by Paschenco and Sykes (1992), is given by the equation:

* A, I'. TAAANOIIOYAOE, ‘O xpovog mapoTnpicems mod XPelaletor Yid GVILTPOCONEVTIKO
detypa oswospkotytog Tijg I'ijc.
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Log(Ne) = 12.284 — 1.585Ms, o= 0M r=i0.991 (1)

The rather large standard deviation, o, of the cumulative frequency-size
distribution of earthquakes on a global basis indicates the existence of two
different earthquake distributions, that fit the equations:

For the magnitude range
a) 7.0- 7.8 : Log(N;) = 8.614 - 1.088M;, o = + 0.006 (2)
b) 7.9-8.6 : Log(N;) = 15.653 - 1.992M;, o = &+ 0.004 (3)

The above equations show that the crossover, i.e. the change in the slope
occurs at the 7.8M;. Therefore, the data are most consistent with a hinged
bilinear form of the frequency-magnitude curve; a linear form of frequency-
magnitude relation also works well, i.e. provides a satisfactory fit overall,
albeit with larger o. (s. Fig. 1).
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Fig. 1. Logarithm of cumulative number of large, shallow earthquakes, on a worldwide
basis, occurred during the period 1900 - 1989 with 7Ms and larger as a function of Ms,
corrected by Pachenco and Sykes (1992), in magnitude increments (AM = 0.3).
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There is now the question : The difference in the frequency-size distri-
bution of great and giant events with M; > 7.9 — supposedly «characteristic
earthquakes»— and larger or smaller earthquakes with My < 7.8 is a standard
or a temporal feature, i.e. random fluctuations of manifestation of geologic
processes?

The great 8.6 M earthquake of Tibet, 1950 August 15, and the large
seismic moment released during three giant events: 1952 Kamchatka (M; =
8.2), 1960 southern Chile (M; = 8.5) and 1964 central Alaska (M; = 8.4)
favour the notion of a temporal feature (s. Fig. 2). The seismic energy release
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Fig. 2. Logarithm of Mo in N-m as a function of time. The curve was smoothed with a 3-year
running average. Dashed lines is used as a reference and indicates the average moment rate
for the period from 1930 to 1950. Reproduction from Pachenco and Sykes, 1992.

is not even but peaked in 1952-1965 with minima in 1907-11, 1925-7 and
1970-5 (Howell, 1990). The notion is strengthened by the long interoccurrence
time between the earthquakes of 1934 july 21 and 1935 May 30 amounting
to 313 days, i.e. more than 6 times the average repeat time of 7.0Ms earth-
quakes and larger of the 90-years sample, 1900-1909 (90 x 365 : 695 = 47
days).

If we disregard the above said long interoccurrence time, i.e. the 7th
seismic cycle or class of actual repeat times (Galanopoulos, 1988), as it would be
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an outlier in the actual repeat time - frequency plot, the cumulative fre-
quency-actual repeat times is given by the equation:

Log(N,) = 3.184 - 0.385t, o= + 0.05, r=0.998 (4)

The small ¢ of the cumulative frequency-actual repeat times on a world-
wide basis might be indicative of a complete sample (s. Fig. 3). However, from
the above relation we derive that in the 90-years period there are 3.184 : 0.385 =
8.27 cycles of actual repeat times. It is worth noting, that the same number
of seismic cycles of actual repeat times was derived in (Galanopoulos, 1987,
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Fig. 3. Logarithm of cumulative number of large, shallow earthquakes, on a worldwide
basis, occurred during the period 1900-1989 with 7Ms and larger as a function of actual

repeat time expressed as unit time the average interoccurrence time (m = 47 days).

appendix), from the Globe’s 540 earthquakes of magnitude 7.5 or larger, over
the time period 1897-1985 (2.986 : 0.367 = 8.14). From the 9 cycles, the 7th
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cycle seems to be incomplete and the 8th cycle and over are void. This indicates
that the PS global seismicity sample is not long enough to adequately character-
ize the recurrence time distribution for very large earthquakes.

From the cumulative frequency-magnitude relation for the 90-years

sample :
Log(N¢) = 14.238 - 1.585 M;, o=+ 014 (5)

we find the once per 90-years magnitude equal to 9.0 M,. Accordingly, the
average return period of the 9.0M; earthquakes and smaller is 90 years, and
the maximum repeat time, tm = 744 years (8.27 x 90).

On the other hand, if all the large shallow earthquakes, 1900-1989, were
distributed, on a global basis, with the rate of occurrence of «regular earth-
quakes», i.e. with b values about equal to 1, from the equation (2), i.e. the re-
gular G.R. relation, we derive an average return period for 8.6 M; earthquakes
and larger equal to 5.53 years. Thus, in the 90-years period, 1900-1989, we
should have observed 16 earthquakes with M; = 8.6 and over, i.e. more than 5
times those registered.

The above discussion leads to the conclusion that the PS catalog of large,
shallow earthquakes, 1900-1989, is not representative for 7.9 M; earthquakes and
larger; for having a reliable, self-consistent sample of earthquakes with M;>7.0,
on a global basis, we need a very long period of observation, about 750 years
and over. Thus, the difference in the frequency-size distribution of great and

TABLE 1
Frequency of Earthquakes in Magnitude Increments (AM = 0.3)

Magnitude Ms
Frequency
71 ‘ 7.4 77 8.0 8.3 8.6
N 373 ‘ 169 108 35 9 3
Ne ( 697 ‘ 324 ‘ 155 47 12 3

Gutenberg-Richter’s Earthquake Recerrence Model (195%)

Log(N) = 12.687 - 1.408 Ms, 6=+ 0.14
Corr. Coeff. = 0.9877
Log(Ne¢) = 14.238 - 1.585 Ms, o=+ 0.14

Corr. Coeff. = 0.9907
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TABLE 2

Frequency of Earthquake Occurrences per Actual Repeat Time
Expressed as Unit Time the Average Interoccurrence
Time (m = 47 Days)

Repeat Times (t)
Frequency S
1 2 3 & 5 6 7
N 458 141 51 24 14 7 (1)
Ne 695 237 96 45 21 7 (1)

Galanopoulos’ Earthquake Recerrence Model (1988)

Log(N) = 2.890 - 0.355t, 6= 0.11
Corr. Coeff. = 0.9895
Log(Nc) = 3.18% — 0.385t, o=+ 0.05

Corr. Coeff. = 0.9980

TABLE 3

Distribution of Percentage of Earthquake Occurrences in Terms of Actual
Interoccurrence Time (t)

Repeat Times (t)
Percentage =
1 2 3 4 5 6 7 Total
N 66 20 7 3 2 1 0.4 99.4
TABLE 4

Poissionian probabilities and probabilities resulted straight and merely from the distribu-
tion of percentage of earthquake occurrences in terms of actual interoccurrence time.
o= 1.287.

Seismic Classes

Probabilities

1 2 8 4 5 6 7 8 9
Poissionian 63.21 86.47 | 95.02| 98.17| 99.33| 99.75| 99.91|99.97| 99.99
Resultant 65.80 86.06 | 93.39| 96.84| 98.85 99.86/ 100.00
Discrepancy +2.59 | —0.41 |—1.63|]—1.33/—0.48/+0.11| +0.09 |4+0.03| +0.01
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giant earthquakes with Mg > 7.9, allegedly «characteristic events», from that
of «regular eventsy, i.e. the large and smaller earthquakes with M; < 7.8 is
due to random fluctuation of seismicity, i.e. a temporal feature, not repre-
sentative of manifestation of geologic processes on a worldwide basis, i.e. of
the global seismicity, owing to the longer maximum repeat time of great and
giant earthquakes. Therefore, the high frequency-size correlation (r = 0.99) does
not imply we know all of the story of earthquake show and does not warrant a
long-term prediction, unless the maximum repeat time of the largest earthquake in
the sample is equal to, or smaller than the time interval covered by the sample.
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‘O yp6vog mapaTNPRicEOS TOL YPELAlETaL YI0 AVTITPOCOTEVTIKO Selypa GELGHUKG-
o Tis I'ije.

[poopatws Snpociedbnre xatdroyos weydhwy celop.ddv émpauvetag oL Guvé-
Broav 6” 6Aéxhnpo T I'f) oty meptodo 1900-1989 (Pachenco and Sykes, 1992). ‘O
ratdhoyog adtog elvan dpotbpopoos G Tpdg T péyebog Tév celop.dy, xal Bewpeitan
opoLoyevig %ol mAens YLk To péyebog Emipavelandy xupdrov drd 7 xal wave (Mg
>17).

Kata todg J. F. Pachenco xal L. R. Sykes (1992) 6 xardhoyée twv clvar
TG Gmd 7 xal wdve, xal | uetaPoll) oty xhioy THe cuyvéTyTas-peyéhoug xovra
610 péyebog 7,5 Smodewvier Stapopd oTdv TpdTo SravopTic TGV GELGUIXEY GURBAY-
7oy Tod Eyouy péyebog peyardrepo ¥ pixpbrepo dmd 7,5. “H &modm adty ebploxeton
ot cuppwvie ut Bewpryring Smodetypara ol J. Rundle (1989). ‘O Rundle ebpijxe
Srxpopetinodg Exbéteg Sravoutic oth AoyapBupind) oyéon mobd cuvdéer Th cuyvéTYTX
gugavicews ol t6 péyebog Tév cupBavrov.

Kata tov Y. Y. Kagan (1993), 4 Snaplyn 800 ywpiotdy xal dvekapthtwy oet-
opdy TABuoudv: (1) drd xavovixods celopodg xal (2) drd yapaxTnpLeTIRolg GEL-
opog, Tob mpobmobéter 7 «inbbeon mepl yapaxTNPELETIXGY GELGUGBYY, YVOGTY ATO
76 1976, umopet va dpethetan elte 6t oTaTioTIXY TPOXATIANYY, T} 68 GTATIOTIRS Té-
yvaopa. "Eml mhéov, xatd 1) yvdun tov, § nébeon adti Stv umopel vé OewpnBet
8t Eyer dmoderybel.

‘H aBporotinyy suyvémyra Eupaviceng xat’ #tog T@v celoudy Empaveiag we-

vé0oug 7,0 ol mave ¢” GAdxAnen T3 ') dideton dwd Thy EElowon:
Log(Ne) = 12,284 — 1,585 M;, c = % 0,14, =099 (1)

‘H oyetindic peyddn tumxd) dmbrhion oty Extipnoyn Swwvopic @Y celout-

%@V GLUPBIVTOY o cuvdpTnon ut T6 péyelbc Twv Ymodeikviel Thy Sraply dVo dux-

popeTindV Sravoudy ik Tig meproyds peyeldv : a) 7,0 - 7,8 xal b) 7,9 - 8,6. Ot S~
vopds adtis idovran dmd Tic EErodaeis (2) xal (3), avrioTolywe.

Log(Neq) = 8,614 — 1,088 M, ¢ = + 0,006 (2)

Log(Ney) = 15,653 — 1,992 M, o == 0,004 (3)

*And tig EErodoerg adTic mpoxdmrer 871 N petafoldy 67d pubud Eupavicews T@v

cetapndy ouuPavtey yivetar otd péyebog 7,8 M. ‘Emopévag, o Sedopéva tarprd-

Covy xahdTepa ot do edbeicg put Siapopetind) xhion, b, oxeddv Sumhdoua, YLk Thy Te-

pLoy peyeBéy 7,9 - 8,6 My, tév dmotilepévay “yapaxtnprotindy ceropdv’. Idvrag,
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xal plo ypappnd eElcwon ocuyvdtnrac-peyébovs dvrimposwmelel ixavomornTinds
OAGxAnpo Ty meproyy peyeldv 7,0 Ewg 8,6 Ms, dMh& pt peyahdrepn tuminy &mé-
%ALY GTNY ExTim oy Stavopis TéY cetopxdy cupPavtov (BA. Eix. 1).

Topa yewarar 6 Epdmnpa: “H peydin Singopa 616 pulpd dupaviceme tdv
TOAL peydhwy cetopdy peyébovs 7,9 Mg xal mave elvor tumind 9 wpboxarpo yopo-
2TNPLETIXD ExdNADGEWG TUYRLWY SLAUVUAVEE®Y YEWAOYIXGY SlepyaoLdy GE peyd-
A Extaoy.

‘O 1epdotiog oelapods Tod OBet tig 15mg Adyodorov 1950, peyéboue 8,6 Mg,
xol 7 EEoupeTinde peydhn oeiopixdy powy mwod Eheubepdbnxe xata T Tplo peydo
cupBavte, t6 1952 oty Kaprodrxa, peyéboug 8,2 My, xal idime 16 1960 617 vétio
XAy, peyéboug 8,5 My, xal w6 1964 oty xevrpwey) *Addoxa, peyéoug 8,4 M, 6Aa
péoo 6t 15 ypbvie, Godnhoby 81t mpdrertar LAAAOY YL TEOGKRALPO, EXTARTO YAPARTN-
PLOTIXO GELGPXTIG ExdnAdicews 6 6AdxAnpo 1 'R (BA. Eix. 2). "Ag onuerwbet, 61
6 peyohdTepog GeLoPOG 6 GeLGUIXT) poTTH Tt EYEL dvarypapel péypt TODOE, 6 GELGLLOC
70b 1960 ot vério Xey), dvrimpocwnedet to 30 - 459 Tig 6hrijg pomiig o Ehev-
Ozp@bnxe dmwod w6 1900 péyper ol t6 1989.

*Eriong 7 cetopixy pomn, dnhady 16 Lebyog tév duvapewv, Mo = uVA (70
ywépevo g axopdiag THY TETPORATWY, L, THE UEGNG LETATOTLGEWS TMY THPELDY
Tob pYypatos, V, xal tig émpavetas Tob pypatog, A), o éleuvlepdlnxe xata To
peyohdrepo cupfay gmpavetag (h < 70 ydp.) otov ‘EXmvind ydpo ol Sidpxeta
70D Mjyovra alddva, TV cetapd Ts " Apopyod the Ine *Touriov 1956 (4,90 x 10%° Nm)
avrimpocwredel 6 689 Tig 6lxdic poriic TdY 7 celopdy Empavelag peyélovs 7 xal
&ve oL GLVERTRAY 6Td Y Gpo adTod &d T6 1900 péyer xal v6 1989 (7,21 X 10%° Nm).
Kol 6 ceiopds adtog cuvéBnre péoo othyv e meptodo xtdxntov Statapabews GAo-
xMpov tig I'fic, 6w xal 6 cetopog tie Kepahdnviag e 12v¢ Adyobstov 1953
(0,62 x 1020 Nm), p& cuvohixd wosd dmd Tods dbo Ta 3/, mepimov T¥g 6hixijg pomijg
7ol Ehevbepdlnxe oty meplodo 1900-1989 otov ‘Ennvizs yépo.

A

‘H dvotépn dmodyn mepl drdmov yopaxtnelotinod celopinis xdniicews ¥
Toyalog Sraxvpdveems i cetopuxéTTag otiy meptodo 1950-1964, evioybetar amd
TOV TOAD peydo xpévo Emavalfifemg wetabd TAY peydAwy celopdv Emavetag ThHe
21 *Touhiov 1934 xai 30 Matov 1935. “O ypbvog adrdg avépyetor ot 313 Nuépes, on-
had elvor peyadbrepos amd 6 opic TOV péso ypbvo Emavadews cetopdy weyéfoug
7,0 M; ol wave amo 90-2radv deiypo 76 meptddov 1900-1989 (90 x 365 : 697 = 47
Ipépec).

"Av dyvoficope TOV dveTépe TOAD peyddo xpbévo Emavarffewe, dnhady 7ov

oeiopixd xdxho 1) TaEn meaypaTixdy Yeévmy Eravarbews (Galanopoulos, 1988),
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e 3

GG GAAGxoTO, povadind) Eupdvian, 7 dOpotoTind) Gelopinl GLYVETNG - TEXYLATIREY

xpovoy Emavaridens Stdetar dnd Ty Elowon :
Log(N,) = 3,184 — 0,385t, ¢ = + 0,05, r:=10:998 (4)

‘H purpn tomuen dméxhien, o =+ 0,05, oty dxtiunon Siwvoudic tév ceomxéy
oupBavtwy 6t cUVkETYEY) E Tobg TpaypaTIRols Y edvoug Emavahidewg B pmopolioe
va& Oewpnlet dg Evdely, 8tu td delypa mod ypnorpwomornfnxe clvar dvrimpocwmeyTL-
%0 TV yewhoydy diepyactév wod cuuBalvouy 6* 6AéxdAneo th % (BA. Eix. 3).

"Amd Ty mponyoduevn EElswan mpoxbnrel 1L of cespol peyéboug 7,0 M xad
Tave mod cuvéfneay 6” GAbximeo th I'f oth yeovdh mepioSo 1900-1989 xaravé-
povtar ot 9 Tders mpaypaTixdy ypdvev Eraverideng (3,184 : 0,385 = 8,27). Q¢
wovas taEews hapBdvetan & péoog ypbvos Emavaliews TéY cetopdy Tob Selypatoc.
"A&o onpermozwg slvar 671 6 tdiog dptbuds celopdy whxhwv TeaypaTXEY Ypbvey
emavaldens opébnxe xal to 1987 (2,986 : 0,367 = 8,14) dnd Selypa 540 oer-
ou@v peyéoug 7,5 xal wdve mod cuvéProay ¢ GAéxhnpo th 'R xatd T4 ypovixy)
neptodo 1897-1985.

"Amo Todg 9 oeLopinols xinhovg TRaYRATIXGY Yeévey EavedPewe Tob ebpé-
Onoay 676 mpbopato Selypa dmd 697 ceispols, 6 Tog xbxdog dtv elvar TANpeYE, xal of
woxhor 8 xal 9 elvaw xevol ceiopdv. Tolto elvan cupig Hdely bt 76 90-21dv
detypa, 1900-1989, 82v pmopel va Oewpnlet g avrimposwmeuTind &Y Srapbpwy, To-
#TI GV %ol EXTAXTOY T TuYateY Staxvpdveewy TAV Yewhoydy Sispyaotéy Tod cup-
Batvouy " GAbxdnpo T I'i.

’Amd 1) oyéon Gutenberg-Richter, dfpoiotiniic ovyvémyrag - peyéBoug
6t 90 &m:

Log(N.) = 14,238 - 1,585M, , o==x 014,  r=0,991 (5)

mpoxvTTEL 6Tt 10 uéyreto uéyeloc oeiopob mod pmopel va mapatnenlet ota 90 Ety,
ue mbavbryra 63% vo phv mapatnenlet peyodbrepos 616 SikoTnua adté, lvon
9,0M;. Zuvveréddg, # péom meptodoc Emavedfibews ceiopdv peyéboug 9,0 Mg xal pi-
xpotépwv clvar 90 &rn, xal 6 péyratog ypbvos dvapoviic adtdy elvan tm = 744 #tq
(8,27 x 90).

"Eav tdpa §hot o peydiot cetapol dmpavetag, pé Mg > 7,0 mod mapatnpoiv-
Tar ¢ GAGxdpo T I'% Swvépovto pd oubud 16Y Wreavovixdv ceioudvy, #Hror ud
b = 1, éné v &icwon (2), dnhady put v xavovird) oxéon G. R. mpoxdmrer &1L 7
péom meplodog Emavaldews ceiopdy peyéloug 8,6 xal peyoatvtépowy elvar 5,53 ém.
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"Apa, ot meptodo 90 rdv, 1900-1989, Od mpémer va elyav mapatnenbet 16 ceiopol
peyélous 8,6 M xai wave, Snhady) mevramAidctol xal TAéoy dmod adtods ToL dveypd-
Ppncav.

‘H oulfimnon mod mponyNlnxe &yel 676 cuumépaopa Tt 6 xaTdhoYos LeYdAmY
celopdv Empavetag, 1900-1989, mwob dnpociedlnxe w6 1992 dnd vobg Pachenco
xal Sykes 3tv elva dvrimpocwmevTinds yia oetopods peyélovg 7,9 Mg ol wdve. T'a
va Eyope 60016, adtocuvenes Selypa cetapdy 6” EAn Ty meploy) peyebdvy, 7,0 Ewg 9,0,
yi& 6AbxAnpo T I'f, meémer vo Exope moAD paxpd TEplodo EVopYAVmY TREATYENGEWY
meptmov 750 Erdv xal mhéov. Obtwg, 7 uapopd 670 oyédio Siavopiic TGV (Y aparTY)-
PLOTIXGY) 7 peydAwv xal ToAd peydAwv ceiopdv peyébove > 7,9 My dmo Tovg
eavovixobo) 9) wxpbrepous cetapovg pe Ms < 7,8 elvan Eva mpboxarpo, dTumo yo-
poxTNELaTIXG, Syl dvTimpocwTeuTIXd Tob pubpol ExdnAdoewe Tol Guvéhov TGV St~
KOPAVGEWY THY Yewhoyx&y Siepyaotdy ¢ 6Aéxhnpo 1) I'. Tolto drodidetar orov
peyahdTepo péyato ypeévo Emavedhidens TV (apaxTNPLGTIXGYD T peydAwmy xal
oA peydhov cetop.dy peyéboug 7,9 Mg xal wave.

Kato tabta, 1 weydhy cuoyétion ovyvéryras-peyébovg (r = 0,99) 8&v cuve-
TayeToL ol APy Yvwon Tod pubuol dupavicews Ehwv TEY celopdy, dnAadh olou-
dfmote Suvatod peyéBoug, xal div dyyvdtor Thv dxpifeia celopuxdy TEoBMéYewy,
i3t poaxpdic TepLédou dvapoviic, gxtdg dav 6 péyioTog Ypbvos EravaifPews Tol pe-
yoahdtepou ceiopol Tol Setyparos elvon loog 3 pixpbdrepoc THe ypovixiig mepLdSouv

avouoviic Tod xahdTTeL TO delypac.
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