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Earthquake Forecast based on Probability
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A new probability process model for earthquake forecast is presented based on Bayesian treat-
ment. The prior probability at the beginning of this process is estimated from long-term data from
earthquake history and active fault activities in a target area. The posterior probability is deduced
from Bayes' theorem in terms of the prior probability and two conditional probabilities: “alarm rate”
and “null alarm rate”. The former is defined to be the probability that a precursory anomaly is
detected on condition that an earthquake is accompanied, and the latter to be that on condition that
no earthquake is accompanied. These probabilities are estimated mainly by statistical tests of
previously accumulated observation data. The test consists of trials of detecting anomaly during each
assigned detecting period and of registering earthquake events during the corresponding hypothet-
ical forecasting period. Regarding the estimated posterior probability as the prior probability for the
next step of the Bayesian process, we will obtain a new posterior probability when data from another
anomaly event is input into the process. Successive application of this procedure continues to renew
the posterior probability until a dicision is made to issue an earthquake warning. The final posterior
probability py for N independent anomaly observations with alarm rate ¢; and null alarm rate s; for ¢
=1, 2, =N is given by
= X1X2° " XN

X1 X2 xntay
where py is the first prior probability, a)=(1 —po)/po, xi=¢i/s: and the approximation (~) is valid if py
<<1. The well known terms, “secular probability” and “success rate” are interpreted in the above
framework to be a prior probability and the induced posterior probability, respectively. The ratio of
alarm rate to null alarm rate, i.e., x; in the above formula, for each precursory anomaly observation is
a key factor for reliability on earthquake prediction. The probability gain, ie., the ratio of the
posterior probability to the prior probability, is approximated to be the product of the above ratios.

~DoX1X2' XN,
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Fig. 1. Forecasting time (f), anomaly detecting
period (Tq) and forecasting period (7).
When an earthquake forecast is assesed, we
check whether any anomaly would be
detected in observation data during the
assigned anomaly detecting period prior to
the forecasting time, and issue an alarm to
the public if the probability that an
earthquake will occur during the assigned
forecasting period is estimated to be higher
than an assigned threshhold.
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Fig. 2. Shift of the forecasting time due to the passage of time. The detecting period and forecasting

period are correspondingly shifted.
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Table 1. 2X2 contingency table for earthquake events and precursory signal events.

Statistical experiment is performed by testing data of earthquake events and precursory
anomalies of a specific kind. The anomalies and earthquake events are detected in the same
time framework shown in Fig. 1. For each statistical trial, we count up either of the
numbers m, n, i, v registered in four boxes.

BT S IR ORIk S (Precursor)

H 1 (Yes) 3 L (No) &3t (Total)
HY (Yes) m " M
THIR BB DR 71 L (No) n % N
(Earthquake)
&5t (Total) F G T

M=m+uy, N=n+vy, F=m+n, G=u+vy, T=M+N=F+G

FHIR (alarm rate): g=m/M
Ze¥RR (null alarm rate): s=n/N
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derive Eq.(1) through inspection of this
figure.

P

P9) FHMFWEOEXR, T NTOBHAEHICE
WTRIL &ET 3.

7, H2BHOBABRBEIK>VT, ZOFHMR, &
HWMREEW, p 25EE po DR CERHERLEL
3&, Rk, BAEE» 253 L 20FR
BRELT,

_ D192

b= g+ (1—psz @)

%85, &LTAT, R() &Y,

D @
b Xy
ThHBEh5, KB I,
— X2
b2 —_xz tay ()

ExmAohB, foi2L,
x2=—q—2, a2=ﬂ. (6)
Sa X1
BeERIRMEc Ly, ( FHOBRNEBO 7 -5 186
NiEaIcld, 20L& XDEERERD; 3,

Xi
= 7
b it a (7)
1L,
w=L, g=2=L (8)
Si Xi-1

LtzhinT, (7)) ZHWTERBERERLZIEDAA
TWiHE, NEOBREESH B & &3,
bod1g2 " gn

pn= (9)
N poqigzrgut(1—posisz sy
__ X1X2"XN (10)
xlxz---xN+al

a3, K (9), Fig 4 5#BETBIELICLVE
BEILHTES, CIT, >0, $HbbEORIE
BOROWERE L, MRERAICEEobHELBEED
THHH, ZOEFRES KWL, 5,=0&LHEBDT

ERpv=1Td3. ULoZHEEBRAMOXIBWVTI,

FnFhoBERER I L TFEEREEoRS & FH
BEE—B L TWEIFNIZRE SV, REERIE O
BEREL->TbHEW,

{R5E P9) I2 & » TFHMRBME—E L Ui, BE
ORI — 5 OBEOHLHILL > T OB O & MR
H-TL BEALEVWEEDLNS, 1, BYPTHPE
BIFHORBEICAS &, FHMFHEEE LTV L
ERTTL 5. 20FE&IE, BN A2HV 3BT,
HAERE L CRA L EREROBIER T 5 F
BRI EAT AL IKBET 3. £7, K@)
(4), (8) b» H>Ehh HHER{LIN



16 il

Poq192- - gN

(1—po)sis2---sn

Fig. 4. Probability ring for many observation items. It is very easy to derive Eq. (9) through

inspection of this figure.
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