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BARTHGUAKR WITH MAGNITUDE 8 OR LORE.

ABSTRACT
Several intezral traits of seismicity are analysed world-
wide in the areas, where the earthguskes with magnitude M¥» 8 are
possible. Temporal varistionsof these traits peomise to reduce
by factor about 7 the cpace—time domain, where M2 8 nay be expeac-

ted. The results are more conclusive in 37 most active arcas.

Introduction., A set of long-term,premonitory seismiclity
patterns is used here to dlagnose the Time of Increased Probabi-
lity ("IIP") of a strongest (M?» 8) earthquake., Each pattern is
defined as an ancmalous incresse of a function, which describes
some integrsl trait of selsmicity in the wide (¥ 6°) area around
the epicenter of the coming earthquake, The choice of funetions

reflects the hypotheses that a strong earthqualte iz often preceded
by the increase of:

seismic activity;

its fluctuation in times

iﬁﬁ/
its deviation from long~term trend;

average area of the sources;
the
average concantration offéﬁﬁrces;
clustering of the garthquakes.
These hypotheses, extept the sscond, were widely used in the at-
tempbts of the earthquakes prediction, actual or retrospective,
However, the resulis, based on any single hypothesis, do need

improvement. We hope, following the experience for California [5],

[
lysed worldawide all areas, whcre M 2 B ovase wenorbted in past 100 vesa.
or considered as possible. Accordingly, we look for a common set
of premomitory patterns in a wide variety of sgeismic regions. The
presumption, that such common set may exist, was suggested by partial
selfsimilarity of the patterns, considered in [3] 3 these patterns,
in simplified form, are considered here. Additional hope for exis-
tence of such common premonitory patterns is provided by the world-
wide correlation of the strongest earthquekes with some global geo-
physical phenomena [ﬁoj and by existence of worldwide common traits

of the areas, where the strongest earthquakes are possible [51 Qj.

Delfinitions. We consider the catalog of the earthquakes in

a given area. By elimination of the aftershocks we obtain a sequence

of mein shocks (ti, Mi), where ti is the time and Mi ~ the magni-
tude of a meln shock with sequence number i.
We defirne on this sequence the following functions:
1, nCe| u, 8)
- the number of main shocks with Mib-y and

(t -8) &% <t

2 K(t’ M, 8) = N(t! i, 8) = N(t - S,M, 8}
3. V(t’!i, 5, 1)} = var N(t’ i, s)/t
-u
- variation of N on the time-interval (t-u, t).
f"fo
4, Dt M5, ) = N(t’h_f[, t=t,) ~ N(t—slM, 650780 Frperg

5. s,l(t]y_q, M, syl , p) = Z—_L. J-I /
- %3

53(1,‘}5’51—, s,o(,ﬁ ) =Z-E 1
Y = z;oﬁ(”‘_"o O 1= M(E|m,5)-V(E]FS)



l
‘ - The pioblen is ~ §o0 diagnowe vhe 20T, knowiag bhe vector
. C e . . (_ 2 palow. &

Tae sun  dnclude§ the msin shocks with }f 4 M, 5 W and

P, Algorithm for the diasgnosis can't bLe derived so far from
(t -s)$ 5, <+,
i

kvt existing physical medels nor Lfrom gtatistics, which is rather
6. B(t,ﬂ, My 8y M, &) = max by (e, M3

poor. Consequentely we have Lo resort o the heurdistic search of suc:
bi is the number of aftershocks of the i-th main shock s

algorithm,

£M. & I g £, &+, & i s -
sy s, t-s =6, ® %5 counted are the aftershocks The data are taken from the World's hypocenters data

with magnitude M ¥ M,, during the time interval
(6.5 &, + o) [7].

The relation of these funchicns to abovementioned hypo-

file L—'l 2]. It often gives different versions of maguitude for the
same earthquake. In such cases we assumed the maxima! value of

nagnitude. This cheoice of M, admittedly robust, frees us from

theses 1s obvious: a lot of arbitrary decisions on regional cobhection between magni-~

Function N characterizes the ssismic activity; K and V tude scales. Unfortunately, we could not use more homogeneous

= ite fluctuation in timey D -~ its deviation from a long-ternm catalog B, 2] since it covers only the earthquakes with ¥S» 7.

trend; S,I ~ the average area of the sources (with )‘3 chosen Aveas. TIPs were diagnosed for the rectangles U(Y, , Yo ),

accordingly); Sy - the ratic of average linear dimention of the on the plane of geographic latitude &  and longitude .

sources to the aversge distance between then, sccording to

1 éo
criterionby Zhurkov -Sobolev ['] 1J(accordinglyﬁ in 55 is twice lf( 0, , )o) _ 5(%)’): /‘F" N 5° , /)I"‘] o/é- cos ¥, }

smaller, +than in S’l)' Mlore detailad discussion of these functions

can be found in [5].

Altogether, these functions describe the seismicity of an Centers of these areas { ¢, , )° ) are the epicenters of 132 earth~
ares as the vechor quakes of 1885-1982, with M ¥ 8, according to [12]. We added two
- . & strongest California earthquakes of XIX century ]__4] and 8 points,
P - épk(-f_—)} y k2r,2 €.

where M2 8 are still unknown, hut possible, according to neotec-
Each component pk('t) is one of the above functions with free

Rﬁ‘japenafix
‘JI'L\ | tonic criteria ['5, ?_B].Fig.'] and give the centers of all
rarameters 6i1€6 5, M etc) fixed; different k may correspond to 4

areas considered; close epicenters are merged in the groups,.
different functions (i.e. to different premonitory patterns) or

Catalog [’I, 2] gives MS® 8 to seven more earthquekes; their epi-
Ppeﬂdlx

to the same function with different free parameters, fal
centers are close to those from\'\ and 1t was not necessary

to consider them too.
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Free parameters. We expect a priori that the aprroach of

a strong earthqusake is sccompaniead by an increase of some ¢f the

Tuncthtions Iy in a sufficicntly wide Rach of these

functions, except B, was

in [5] .

They are taken afte j

&
e
I
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three maznitude ranges as

Teble L shows ‘he aszumed values of free paranstaers,
]e xcept the lower nmagnituds threshold M,
5, 5.5 andl 6, while ia [5]

in dif-

We considered for 21l arecan ¥ =

M equalize the average 2l mmaber of the main shocks

ferent resions. alsc, ir this
PETRNNVR SURY [P

thar in =N
Aftershocks wers idenbLified by the slgerithn, described ’1[_-'7] ’
within time T(B."Ii) ard distoacs R(M. Jy glven irn Tavle 2.
. ; 1 .

Pime - interval, on which functions Py (t) can be conaidered, is

4

limited by Ghe Jact, that systenmabic determination of magnitudes
the

M% 5 gegbns infcatalog Ei?.] only in 1964, Some of p, (%)

cen be considered, svarting from 11965,

Algorithn for disgnosis of /TIFz is the follewing (it is
grea separabtoly):

1. Vectom p(t} is

applied %o each
corputed Tor the discreet mcnenss

1965

. P s N 2 ey "B -
alues yk-\tm; is obfainea,

the nall a year interval, from so the end of the catalos

(fune 15827, A set of

3]

& e - . -
e 4% of the lurge fied for each

function Py (0% for each funcvlon, except 25% for B),.

-
These

~values sre cslled Tabnoermally large™. The threainld {(quontile)

for their identidlication is debermined on Lhe rangeo of

1965 until  Ghe snd of the catalog or unilil the eartiqualke

which correshonus to the cenber ol the sTes (350

kivg, woe mave o olioin A AVhRer suaurs o

stldy the sot of functions is smaller,

ta fron

S,

3. For the sliding bime interval (tm—S’ tm) two numbers are
computerd:
h{tm) the munber of functions Py » Which becane
abnormally largs at least for one ty, within this
interval,.
g(tm) — the number of groupe of functions, represented in
the count of h(tm}.
The groups are specified in Tablsd . g(tm) is obtained from
h(tm) by elimipation of all but one wewber of ecach group.
4, TIP is diognosed, when h and g, sre large enough. Criteria

for diarnogis of TIPs are forumulated in the next section,

Data analysis: functions h before an earthquake

azid G
(%]

) % 8. Between 1965 and 1983 9 main

with |

shocks with M%» & occured in the world, sccording o [’!2]. Only

o

gix of them (WN 15, 23, 26, 27, 33, 69 in Table 1) occured in

B

the areas, wheve seismicity ig not toe low for determination of

¥ 89, 96 and 97, averages

Py t) {each of the rensining areas,

shock with M% 5 - at least according

. Considering P(%) in these G aveas, we Titted the

fnllowing criteria for the diagnoais of a TIP:
gred, ocut of 19 (see Taeble ).

z{(5)%

1, 173 components of P(") are consid

2. TIF is diagnosed, when h{g)¥» 7 and 5 ¢n two conseque-

Live steps, t_ 4 and ©_,

il

Exception: since 1 and 3 sometimes increase for a while

after & relatively strong earthquake, TIFP 1s not ¢iagnosed
diring & yesr after a main shock with M 2 7.53 neither is

it dlemnosed within 4 yesrs after preceding TIP.



7e
s TIP continues until the main shock with M » 8 or half a year

pest the main shock with ¥ = 7e7~749, tut not lenger, than
5 years.

These criteria identify the TIPs before 4 out of & earth-
quakes with M» 8 (Table 3 )« Table 3 shows, that both "missed™

earthquakes occured in relatively less ametive arveas (NN 15 end 69,
= 172 and 166 respectively). Statistics is too poor to decide,
whether this haprened by ehance or sush TIPs realy can e diagno-

sed only in most ective, if in any, areas: more axactly, if in
these areas the probability of failure to predict ig significantiy
smaller, We will consider separately the most sctive areas -~

with aversge activity A% 200,

Data analysig: functions h and g in the absence of

gtrongest earthquakes. TIPs make sence, oniy if they are suffi-

clently rar¢ during the years, which ¢ no precede a strongest
earthquake (the provebility of false alswm is sufficiently low).
Let us checx, whether this is the case.

Moet_sctive sreas (4 7 200). The TIFs for these aress are

given on Fig.2 aud in the Table 3, 5 areas (20-4Z, 71 and 72),

which aze situsted far awzay Trom the rest of the aren %, are notb
shoen on Fig.2. Mo TIFs are disgnozed in these 5 areas (Table 3 ).

3 TIPs in most active areas are current -— they do not end
in 1987 and are not shown on Figs 1,2 nor inm Table 3 . According to
the draft of the Code of Practice for Barthquake Prediction the
information of these current TIPg is Passed for discussion in
corresponding regions. The visulbe for a most active areas seanm,
in total, quite satisfactory: TIvs ccoupy a reascnably =zmall
(~ 15%) part of th: whole time-space domaii, wlere ¥ > 8 may

be exvected (Spsr s includes

8.

only the areas, where such earthguakes are possible). Fig.2 shows,
that TIPz can be systematically diagnosed starting from 1970.
Considering each group of epicenters only once vre estimate the
time—-space as (37 groups x 12.5 years) = 1462.5 gr x years.

TIPs occupy less than {14 groups x 5 years) = 70 gr x years,
i.e, shout 15% of time—svace. Thig estimation will orly improve
(dscrease by at least several percents) if we consider the period
from 1965 and/or count each ares,

All eregs. T1Ps for +vhem ave suwmmerized in Table 4 (except
current TIP3 - 8 ¢nes for all areas). Total space - time is
(100 gr x 12.5 years) = 1.250 gr x years. TIPs occupy less than

150 gr x ysars, 1.e. 42% of total space-tims,

ghtly mote.

false alarms; it

{ 30 gr ¥ 5 years) =

The increase of q up to 30% leads tOK“Y
sgens, that g should be kent rather small,

Cn the choice of areas, The stability of the diagnosis of

Ti¥s To this cholce does require further ablention, Some TIPs are
generated by a rather localized groups of the sarthauskes, so that
the diagnosis mayape)different within a group of closely spaced
X

areas ( see J%Epfﬁ‘ﬁéﬁgedu0ulon of rectangle Uk ?% , do) to

i {azews 69 or /5~ see Tad
Liz? op F 3" e;lWTﬂ;LboW Tailltre to prediﬂt{ﬁﬁ% cruate% new Cnes,
The zize, which is chosen here {(I67) seems 4o be safer.

Eventually ulle areasz have %0 be individuslized according to
regicnal seismotectonics; it is not clear, whether this may lead
to their reduction since %8 means the source of hundreds Im long,
At ®he present stage this individuelizzotion would seem premabure? it
involwves aoany addi®t onal free choices (since seismotectonic reglo—

nalization i3 by uo ssans unigque), contrary ko our present goal —

| - . n . - o Pl
rTonglavan oo e Al

tarng ., erpsidorad hepe,
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During &4 TIPs H2&rcccured (Mconfirmed alamms'}y during 14 other
TIPs 2ll main shocks hzd M4 7.6 ("False alarms"). ¥e triad Lo
find the difference in VOCtOIﬁ.P(t) for these two groups of TIPs

using pattern mecognition - algoritkm CORA-3 [6,3,IOJ-
lTable b shows characteristic traits of thesse groups. The results
of voting are given in the last column of Table 3. According %o
these results, we may intrcoduce for diagnosis of a TIP an additional
eriteria:z
1he

4, Vector:P(tm) has more characteristic traits of /Tirst group,

than Sfﬁgecond group (positive outcome of vobing by the
traits from Table 5}. We can see from Taoble 3 that this additional
criteria would lead to eliminmation of 49 TIPs (out of 20): 14
false glarms;4 current TIPs (they will remain in 3 out of 7

groups); one TIL P, terminated by N = 7.7 (while 3 TIPs , terminated

by ¥ = 7.9, will remain). The remaining 11 TIPs will occupy less
than 5% of space-time.

The learning material (4 confirmed and 14 false alarms) is
eminently small, so that the results of pattern recognition can't
be considered, as reliasble. However, the traits in Table 5 erehnot
entirely random: the random redistribution of TIPs inte two groups
only in 7 realizations out of 100 leads to results, comparable
with results for real groups. The description of such test can
be fourd in[6],

Table 5 summarizes the Juxtaposition of TIPs and strong earthqua—

kes.

Sunelusion. The paboerns of selun-oily, Toproncuie b
functions pk(t),SGem to reflact the approacih of an esrthauake
with MY 8 at leasbt in woai active arcas. These patterns allow
a significant reduction of the space-tine, where M¥» & mar be

moy e

expected, In other arcss they ‘iess, if st all, related To
such earthquales.

We claim neither uniqueness ncr conpleteness for the seb
of functions, by which the TIPs sre diagnosed herej it ssems,
that this set may be expanded, Obviously, it would be worth
while %o try eventually to individualize the patterns for sach
area, bubt so far it seews premature,

The results described have to be tested on monitoring of

the forthcoming TIPs.
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Table 1. Free paraneters
Table 2, Thresholds R(Mi) and T(Mi) for
identification of aftershocks, after [7].

Group of i<t
func%ions ¥ 8y years gargfleters
N 53 5455 & 3 - uy RO ), o (¥, days
51 (5‘5)1 6 2 == 4.0 — 4.4 40 25
v 5 {5.5; &) 3 u = 12 years 5,5 - 4,9 40 45 5
D 55 5.5; 6 & 5= 1948 5.0 = S.k 20 21
- 5 =5, 0 182,5
S 55 5.55 6 1 p=9nids 6 =8 202 = 223 2
( ) 5.0 — 6.4 0 182,.5
8y (51 3.5; 6) (1) (js =463 4= 65 W = 7.8) 2
6.5 —~ 6,9 100 365
B 6.5 5 M=7.8; e = 30 days '7.0 - 7.4 100 730, 5
745 = 7.9 150 913

>8 200 1096




Table 3,

Numergtion and notations are the same as in ﬂppenofdx

Diagnosed TIPs

(s 16

Ta éle 3,canf—d-

Group of TIP Group of TLIP
epicenters region A time outcome A epicenters region A time outcome A
8 Japan trench 335 79=83{7.7) 4 -3 89 China g -—
15 Taiwan 153 — 95 Reelhos ud 105 7176 * -1
17 Philippines 289  77-82 £ -1 96 E.Atlantic 6 -
22 New Guinea 264 77-79(7.93 a 1 97 " " 3 —_
23 " " 218 70-71(8.1) * 2 FAY istgifference between the number of charscteristic
26 Solomon is. az2 71-73(7.8) d 2 traits of confirmed and not confirmed TIPs (Table H3.
76-77(8.1) .
27 Sta Crus is 265 76-80(8.0) .
28 New Hebrides 264 76-81 £ -3
31 Tonga is 730 81-81(7.9) d 1
oo 735 1-81(7.9) 4 1
33 Kermadee trench 264 77-78(7.73 a -3
v " Z8h 71-76(8.0) * 3
37 Chiii 107 78.-83 T ~3
G4 76~81 £ -2
38 " 148 78--83 f -2
44 Peru 156 71=76 f -3
55 Queen Charlotte is 28 75~78 £
59 Alaska 147 a7-72 f 0
60 Aleutian trench 173 7176 L -1
€9 Tumor sea 166 —_—
76 Assan 96 71-76 hif G
82 N-W Tarim 17€ 75~80 f -2
23 N.Tien~-Shan £8 =T il %



Table Y. Cheracteristic traits of LIFs, accoupanied

. (above). e . Taple . TIFs and nirony earbhquales, 197C-1984.5
by M2 & Lerconfirmed” S and accompanied only M € 7.7, L & - ? g
"false alarms® { Lebow),

Velue of M 4is indicated in brackets. -

T1Ps, A7 most active
accomranied by arsas af? aveus
number abnormally not abnormally wy & & +(8)
trgtfﬁe large are: large are: "con‘,‘i*ﬂme'ff)
T2 M2 7.7 2 4 (3}
1 N5 2 HE 7.6
2 ®(5), N(€) E(5.5) {"false olarm ") 1 14 (0)
3 - 83(5'5) ’ K(5.5) current TIPs 3 8 (4)
4 E(5.5), E(6), V(5.5) -
M% 3 not
5 8,(5), 8,(6) D(5.5) B LA o 5 (5)
) %“failure to predict™) :
At
1 53(5_5) N(6) +results with additional criteriom(page 9 ) are shown in
2 8,(6),y 83(5.5), D(5.5) - brackets.
3 8,(5.5), D(5.5), B -

NoGe: Traits are selected by algorithm CORA-3 with
following thresholds [6 ] k= 2; k= 1
~
=95 ky= 0.

First 5 and last 3 lines - the traits of confirmed TIPYs and
false alarms respectively.



ﬂf’ﬁeﬁd‘:x. Groups of epicenters with M2 8

Nozations:
M - maximel magritude in [11].
M,z -~ umegnitude MS after [1, 2].
_ A — the number of main shocks with M3% 5 during

1964--1981.5, per 10 years.
The outcome of TIP: * - M2 8; d ~ 8> M2 7.7;
1-M< 7,7 (felse alarm).
—— an earthguake with M2 8 after 1970, not
preceded by TIP (failure to predict).
Hotes: 8 additional areas {see page 4) can be recognized by the
absence of origin time,

8 current TIPs are not indicsted (see page 7 ).

Appendix,cont-d, 2

number time epicenter depth
of the region
group yr me day ?, Ao km M ¥, A TIP
1 2 5 4 5 e 7 8 9 10 1M 12
I Kamchatka
trench ....... IGI7 O0I 30 56,5 I63 25 8.I 7.8 165
2 " e £I923 02 03 34 I61 25 8.4 8.3 (4
3 N Le.eess 1904 06 25 52 I59 25 8.3 7.9 239
I904 06 25 52 139 8.1 8.0 239
I952 II 04 52 I159.5 25 8.4 8.2 2I9
I959 05 04 52,5 I59.5 60 8.0 7.7 28
4 Euril trench.. I9I5 053 OI 47 155 25 g.1 8.0 259
5 " " .e... I9I8 09 07 45.5 ISI.5 25 8.3 8.2 280
6 " " oL.eas 1958 IT 06 44.4 I48.6 32 8.7 8.1 338
1963 I0 I3 44.8 I49.5 60 8.25 8.1 322
N.Jdopan «..... 1932 03 04 42.5 I43 25 8.6 8.3 282
Japsn trench,. IS0I 08 09 40 I44 25 8.3 7.8 335 d
1933 03 ¢2 39.2 I44.5 25 8.4 8.5 330
9 K.Japan «seese 1897 02 07 40 140 8.3 298
10 Japan trench., I897 02 19 38 Ia2 8.3 330
1897 0z I9 38 142 8.3 330
Is97 €8 (05 138 143 8.7 326
Igegs 04 22 39 I42 8.3 7.8 336
II S.Japan +.ee0 1906 CI 21 34 I38 340 8.4 - 293
1923 09 OI 35.2 I39.5 25 8.3 8.2 285
12 " T .esss 1944 I2 Q7 33.7 I36 25 8.3 8,3 32z
13 n oo, 1946 12 20 32,5 I34.5 25 8.4 8.2 272
I4 Ryu-Kyu is .., 1911 06 I5 29 IZ2% I60 8.7 - 169



Hppendix, cont-a, 3 2l Appendix, cont-d, 4
I 2 3 4 5 & 7 8 9 0 1iI 2 1 2 3 4 5 6 7 8 9 0 II 12
IS Taiwan ceveee... I19I0 04  I2 25,5 1I22.5 200 8.3 - 153 — 1920 02 20 =20 158 25 8.3 7.9 264 f
1920 06 05 23.5 Iz# 25 8.3 8.0 172 195¢ 12 02 -18.2 167.5 8.1 7.2 312
I978 07 24 22 I2T.4 I8  8.C 7.2 I72 29 New Hebrides ,...,. 1901 08 {9 -22  I70 25 8.4 8.1 219
I6  Pbilippives vess =~ ~ - I8 122 86 30 Tomga trench .v.... 1917 05 26 ~I5.5 -I73 25 8.7 8.4 454
17 nooow eese I897 10 I8 12 126 8.1 289 f 3 0 " cesces 1903 OI 04 =20 =I75 400 8.0 =~ 730
I8 v .., IS8 Ol 24 I0.5 I22 25 8.3 8.2 360 191 oL O -I9.5 -176.5 180 8.3 -~ 735
19 " " cess IBY7 09 20 08 125 8.6 523 1919 ¢4 30 -I9 --I72.5 25 8.4 B.2 566
1897 09 21 0% 12z 8,7 523 JZ2  Tonga 18 eesesss.s 1937 04 16 -21,5 =177 400 8.1 - 743
20 Bandd Sea .v.v.s I9I3 03 T4 04,5 J26.5 25 8.3 V.9 591 33  Rermadec trench .. 1917 05 O -29 -I77 8.6 7.9 364 a
1918 G315 5.5 123.5 25 8.3 2.0 5% 1976 O I4 -28.4 -I77.6 33 8.2 7.9 384 =
1924 04 T4 Q8.5 126.5 8,3 8,3 532 34 Maguarie is ...... 1924 06 26 -56 I57 25 8.3 7.7 47
21 Sulavesi is ... 1605 OI 22 O[99 50 8.4 - 539 35  Sendwich is ...... 1629 06 27 =54 - 29.5 25 8,3 7.7 I54
1992 05 T4 00.5 126 %5 8.3 8.0 579 36 ORIl sevevnnn.. oo 1960 05 22 -39.5 - 74.5 8,5 8.5 67
1939 1z 2L 00 Iz3 130 8.6 -  5s 37 0" T e sees 1928 12 CL =35 - 72 25 8.3 8.0 107 £
1939 01 25 -36.2 -~ 72,2 8.3 7.8 9
22 HNew Guinea ..... 1916 (I I3 -03 135.8 2% 8.1 7.7 f64 4
03w " evee 17 CL 10 -C3 130.69 53 5.1 7.9 278 38 " M iieesesses 1906 08 I7 =33 - 72 25 8,4 8.4 148 ¢
Z4  New Britain is,. IS08 Q9 4 -7 T49 25 2.4 8,1 5I4 39 Atscama trench.... 15343 04 06 -30,7 - 72 8,3 7.9 160
25 Solomon is ..... 1919 05 06 —05  Tsd 25 81 7.5 40 40 Chili weevenenns «. 1922 II  II -28.5 - 70 25 8.4 8,3 216
og  m Y veews I9BL 10 03 -T0.5 6175 2 8.1 7.9 oo a1, eeeens 1950 12 09 -23.5 -67.5 IO 8.3 - 259
1939 G4 30 -I0.5 I58.5 25 8.0 8.0 260 20T T e 264
1977 04 2 -I0  160.7 023 8. 7.2 232 a0 ;g nizsmm s en g s
uar vesoonanse 1942 08 44 -I5  -76 8.6 8.2 I40
27  S8%a Crus is .... I900 Q7 29 -I0 I65 4y 8.1 7.9 216 44 PBTU daveniinsnes « 1940 05 24 -T0.5 77 8.4 7.9 I56 *
1934 C7 I8 -II.8 I66.5 25 8,1 8.1 239 45 Beugdor .......... 1906 01 31 40T  -81.5 25 8.9 8.7 99
1980 07 17 -I2.5 165,91 33 8.0 7.7 255 * 1942 05 I4 -0.8 ~81.5 25 8.3 7.9 9
28  New Hebrides..... ISI0 08 16 ~i3  I69.5 L[00 8.5 - 304 &6 Fanama .....esc... 190 520 20 8.5 -83.0 25 8,3 7.6 123
1913 I8 4 -19.5 188 3¢ 3.1 - ¢ 47 Guatemala .ae.e.... 1902 040 19 14 <01 25 8.3 7.9 159
02 09 v3 16 ~92 S5 B0 3.2 149



23 G
Appendir, cont-d, 5 cont-d,
t 5 ¢ 5 & 7 8 v o o & o, 2 3 4 5 6 7 8 9 I0 II 12
Guatemala 1942 08 06 14 - 91 8.3 7.9 I59 67 Palauss wavnno.... 1911 08 16 07 I37 25 8.1 7.8 59
48 S.MoXica vvvee.ss 1899 O 24 17  ~ 98 8.4 7.9 104 68 Banda ses eeeosso. 1918 II I8 =07 129 190 8.1 - 377
I907 04 I5 17 -I00 25 8,3 8.0 73 1938 02 01 -05.2 I30.56 25 8.6 8.2 4I8
1503 05 26 I8 =-99 8 81 - oI 1950 II 02 -06.5 I28.5 50 8.1 - 38
49 " " verien. 1903 OI T4 I5 - 98 25 8.3 8.0 105 69 Tumor sea sv...... 1977 08 19 -IL.I II8.5 33 8.0 8.1 166 —
0w w1600 OI 20 20 -105 25 8.3 7.8 71 70 Jeva tremch ...... 1943 07 23 -09.5 110 90 8. - 163
1932 06 O3 19.5 -I04.2 8.1 8.2 76 7L 0" 0" ... 1903 02 27 =082 106 25 81 7.8 210
51 Gult of 72 N-W Sumodree id _, = - « -5 103 212
California weveses = -~ 28.5 -I12 - 73 Sumstra id ...... . 1928 03 09 -2.5 8.5 25 81 7.7 6
52 S.Califormia ..... 1857 CL 09 35 -II9 57 "o "oeeeewen. I3 1228 00 882 25 8.1 7.7 160
53 W.Sierra Nevada... 1872 03 26 36.5 -II8 48 75 Andeman is ....... 1941 06 26 2.5 92.5 8.7 77 682
54 N.Celiformia ..... 1905 04 18 33 -123 25 8.3 8.3 75 76 ASSED s..ese.re... 1950 08 I5 28,5 96.5 25  B.7 8.6 95 T
55 Queen Charlobbe TP M oeeeeeeiae... 1837 06 12 26 91 8.7 89
I8e werenvniieeees I949 08 22 53,8 ~I33.2 25 8,1 8.0 28 £ 78 GANEE veeevers..ws 1934 OI IS5 26.5 86.5 25 8.4 8.3 50
56 Alask ......e.... 1899 09 04 60 -I4Z 25 3,3 8.2 02 73 Nepal verrevisssss - - = 20,5 &I 50
MM e 1839 09 I0 B0 -I40 8.6 8.2 71 80 W.Himalaya vees... 1905 04 04 B33 76 25 8.6 8.0 I57
1900 I0 09 60 -I42 25 8,3 8.0 I02 8l S.Tien-Shen .e..., 1967 10 21 38 69 25 8.0 7.7 156
57 " " eeeeeesn.a. D964 03 28 61 -I47,7 33 8.3 8.4 1I8 1909 07 07 36.5 70.5 230 8I =~  I7I
B8 M 7 ueseieiae.. D904 08 27 64 -ISI 25 8.3 .7 76 1921 I I5  36.5 70.5 215 8.1 - 171
R o 1903 05 02 57 -I%6 I00 8.3 7.5 47 £ 82 N-W Tarim ........ (902 08 22 40 77 25 8.6 8.2 76§
1938 11 10 90,5 -158 25  B.7 8.3 139 83 N.Tien-Sham ...... 1901 CI 03 43,5 77.5 25 8.7 8.4 &8 {
60 Aleutian trench... 1629 03 07 51 -I7¢ 50 8.6 7.5 I73 £ 8% BE.Mlen-Shan ...... 1906 12 22 43,5 8 25 8.3 7.9 45
61 " " " L. 1957 03 (9 5L.3 -I75.8 8.3 8.I I[86 85 Mongolia eeevs.....I9C5 07 09 4% 99 25 8.4 8.0 I4
62 " v L, D906 08 I7 5I +I79 25 8.3 8.2 155 1905 07 23 49 98 25 8.7 8.4 I3
63 Japan tremch ..... 1953 1l 25 33,8 I41.3 53 8.25 7.9 251 & ", veo 1957 T2 04 45,2 99.4 8.3 8.0 IO
64 " "e.o.e.. J909 03 13 3I.5 I42.2 80 8.3 -~ 237
65 Marianm i3 savcase- L 2422 14z TG 8.7 I3

s

N



I 2 3 4 5 6 8 ¢ II Iz

87 CHiNA sesssssesa. 1920 12 I5 35,0 105 25 8.6 8.6  I9

88 ™ M iiieaeses. 1927 05 22 36.8 102 25 8.3 7.9 23

89 " M i ie.... 1976 07 27 39 I8 23 8.0 7.8 G -

90 Pr.Eduacd im. ... 1942 II IO -49.5 32 25 8.3 7.9 20

ST fivebian sea vuvvn 1945 II 27 24,5 63 25 8.3 8.0 49

92 Anabolia sesances = - - 39 39 39

93 Audhos ce ..., 1926 05 26 36.5 27.5 100 8.3 - 105 ¢

94 Euthira 1. «s..e 1903 08 II 36 22 I00 8.3 - 106

95 S5¢ilY eesevevons - - - 38 15 59

96 E.Atlentic ...... 1969 02 28 36  -10.6 22 8.0 7.8 6 ——

97 v m w ... I%I II 25 37.5 -I8.5 25 8.4 8.2 3 —
1975 05 26 35 -I7.6 93 8.0 7.8 J—

98 Haitl seueeeessss 1946 08 04 19.2 -69 8.I 8.0 32

99 CUbA esessnsesses ~ = = 20 =75 17

I00 Venezuela sessess 1900 IO 29 II  -66 25 8,4 8.0 33

Figas 1s

Notes

Fig. 2e

Notes

Areas considered and TTIPs diagnosed in 1970~1981.5
1 - centers of the areas U{(y,, Ac) ($ve Append.x)

2 - TiPs, terminated by M> 8,
% - TIPs, terminsted by 7.9% M» 7.7.

4 - TIPs, not accompanied by ¥> 7.6 (false slarms);
oper symbols in 2,3,4 mean, that the additional
criterion is not satisfied

5 -~ earthquake with M» 8, 1970-1981.5, not preceded

by a TIP ("failure to predict™).

8 T1Ps, continulng past 1983, are not shown,

Space ~ time distribution of TIPs in the most active

areas (A2 200), o-— 5-W pﬂfi)("-f/'é‘ Kamchatka -

- Japanr.

Left — the maps with the centers of the most active
areas.

Right ~ occurence of TIPs in each area. Heavy line -
a TIP.

Circles - main shocks whith M> 7,7, which occured

during a TIP (M is indicated near the circles).
The oreas ate humbeted as in the Appenoix

3 TIPs, continuing pest 1983, are net showm,
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