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National Research Center for Disaster Prevenmtion, Japan

Abstract

An automatic monitoring svstem for practical earthquake prediction has been devel-
oped at the National Research Center for Disaster Prevention (NRCDP) as a main
function of the Analyzing System for Precursors of Earthquakes (APE). The automatic
monitoring system consists of three stages of data processing. Firstly, the high sampling-
rate data (seismic wave data) and low sampling-rate data (crustal tilt data, etc.) are
processed and modified to fundamental data bases ready for a variety of analyses. The
primary processing of the high sampling-rate data compiles the data sets of hypocentral
parameters, focal mechanism solutions and waveform-related parameters such as Q' of
a coda wave. The data sets of minutely, hourly and daily values of the low sampling-rate
data are also created at this stage. Secondly, various parameters considered to be
possibly related with some earthquake precursors are calculated from the basic data
bases prepared at the primary processing. These parameters are examined on their
unusualness and the anomaly-level for each parameter is evaluated by analyzing the
fluctuating pattern or deviation of the parameter from the value in the ordinary state.
The precursory parameters are presently monitored for the following ten items : seismic
activity, v-value, b-value, frequency ratio for different magnitudes, spectral parameters of
seismic waves, focal mechanisms, coda decay, crustal tilt, crustal strain and radon
concentration. These parameters and results of the anomaly-level judgement can easily
be monitored on a graphic display terminal. Finally, the system outputs the regional
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anomaly-level and suggests the probability of an earthquake occurrence which has been
obtained by combining the individual anomaly-levels calculated by each item. These
three processings are full-automaticaily operated by a realtime computer. The method or
procedure of each processing can be easily modified corresponding to any technical or
scientific development in the field of earthquake prediction.
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HIGH SAMPLING- LOW SAMPLING-
RATE DATA RATE DATA
PRIMARY PRIMARY

PROCESSING PROCESSING
SECONDARY SECONDARY
PROCESSING PROCESSING

I |
v

FINAL PROCESSING
(ANOMALY JUDGEMENT)

X1 HMEFKABERY A7 LB
37 —7 RUMMSE DN

Fig. 1 Flow chart in the automatic
monitoring system for precur-
sors of earthquakes.
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NRCDP REGIONS *xk SECTION NO.1 #xx

E2(a) HEEHE> 27 LDERETSR
SR RTE 1 (AR
Fig. 2a  Distributions of the regions

monitored by the system.
Section No.l (Shallow).
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NRCDP REGIONS **x+ SECTION NO,2 w#«

2(b) BEER: A7 AOERNS
AR WA 2 (D

Fig. 2b  Distributions of the regions
monitored by the system.
Section No.2 (Intermediate)
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NRCDP REGIONS  #*# SECTION NO.3 #«+

| E2(c) EBEEs 27 ioBENE
| ST 3 ()

| Fig. 2¢  Distributions of the regions
| monitored by the system.
1az.08 Section No.3 (Deep).
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PROCESSING OF HIGH SAMPL ING-RATE DATA
HIGH SAMPL ING-RATE DATA

PRIMARY PROCESSING
HYPOCENTER DETERMINATION
FCOCAL MECHANISM DETERMINATION
READING WAVE-RELATED PARAMETERS]

HYPD‘| [iigi;ﬂ NAVE.I

SECONDARY PROCESSING ]
ANDMALY LEVEL JUDGEMENT EY ]TEM
SE.SMIC ACT]VITY
V- VALUE
b-VALUE
MAGNITUDE-FREQUENCY
FOCAL MECHANISM

SPECTRUM 43 EEERE T — & o, HYPO. | RREHR
CODA DECAY DHF—F+w b MECH. | REEHHO T —
F4zw b, WAVE. | ERREI ST A =5 @

F—=Fry |
PARAMETERS TO BE MONITORED Fig. 3 Flow chart of processing for the high
RESULTS OF JUDGEMENT sampling-rate data. HYPO. : Dataset of

hypocentral parameters. MECH. ; Dataset
of focal mechanism solutions. WAVE. :

FINAL RRACESEING Dataset of wave-related parameters.
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==> HIGH SAMPLING RATE DATA guR02980, DATE B7/08:21

1 1 | 1 1 1 =1 1
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1 P
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NMT EW

T I I 1 T 1 T

o010:28 0 2 4 6 8 10 12 1% 16 18 20

B4 MB|EIFO =5 —@H, PA- . PHOABI, FARDEEDS > 7, WE8DH
M. P PEOFHEHER SC: SEOHFEL, HAHIBEOT v 7, S SED
AFEARE

Fig. 4 Example of the monitor screen of a seismic wave data. PA- : Arrival time, rank
of accuracy and polarity of the initial motion of P wave detected by computer. P ;
Calculated P time. SC : Arrival time and rank of accuracy of S wave. S :
Calculated S time.
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i ” DATE 87.06.16
1987 05/22 1987 06/16 N= 947 TIME 11.43.11

#3 (ROUTIME)
MJ. OF DATA = 840
| s7.05.22-87.08.10

#2 (AUTOMATIC>
M1, OF DATA = 107
87.06.11-87, 06,16

LATEST EVENT

4 Rec.MD.=z&711
87.04.16

0T =11:27:17.84
LAT. =35, 4750
LOM. = 137, 5266
DEPTH = 15. kM
M1.4

MAGHITUDE

M¢ 2.0
o 2.0¢M<¢30
0 304gMc40

8 4.0 <M<5.0
s.0¢M

DEPTH <KM>
0£2Z<¢10

10 £ Z € 20
20 £ Z < 30
30 £ 7 < 60
0 £ Z <%0
90 £ 2

*xBeO000

[ 5 ERTAAD € = ¥ —HiEf
Fig. 5 Example of the monitor screen of hypocentral distribution.
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PROCESSING OF LOW SAMPL ING-RATE DATA
LOW SAMPLING-RATE DATA

PRIMARY PROCESSING
EDITING
CREATION OF MINUTELY DATA
CREATION OF HOURLY DATA
CREATION OF DAILY DATA

55 ¢

SECONDARY PROCESSING
RO Y -LEVEL: JURURNEHT BY LTEN
CRUSTAL TILT
CRUSTAL STRAIN

RADON CONCENTRATION

B6 (BT - O, M HHE

DF—=F v, H:EHEDT

) —#tv b, D:HEOF—F+&
PARAMETERS TO BE MONITORED w R

RESULTS OF JUDGEMENT Fig. 6 Flow chart of processing for the

low sampling-rate data. M :

Dataset of minutely values. H :

Dataset of hourly values. D :

FINAL PROCESSING Dataset of daily values.
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BRES» o N REBIC BT 2EEM2HMTT 2HAH SR DT> T3, BEERHET HE
BT, FNTA—YOFHELEEREEZRAVD Z NSV, INeEEOHETLOD
BRERDIENTR Y, 22T, TCID222BAL TE iz, BEHER N7 A—%
EHERT 22007 7 A MBHERT 4 A7FICERI N TS, REGHERERT —7 L
THREL TWAEREBEHREDIZ, K3 ICRT L5 CHIEFEENE, biE, ofF, HEEE, #
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EREE, A7 b, ZLTI—FREEQTOT, TALOBHOY 1 2> 7123 2785
H5, HEESHE L vHId EIFEST, |KEBEE LA -TW2, 2O 5EHEARVTFRY
LR TR, 2% 0 tEREECEESh»2, £/, MECOLTRESERICOVT
ATEMTONS Y, BECOLTEMEORE L ERII YL TOAITORS, 7L, &
FOIBA—FRHBL OV TRBANSEGTHEMTONE Z LIk > T3, ZAFILD
HHOHANE L TEHERARSMED/ N7 A =5 2BELTH D, 2 WALBEOFT RSO UBEE,
TROERHEBIEODLTE a7 A—F &, BERFONBEE, +obbRERED
HEMRRBERT «+ A7z FhEEEINSG., 20ERF 1EE85- 0, EHFEEEH

----------------- < BEEESS - ma— >

&g EERRT -4 HED) ;R 45y« k]
AN ES --> 26 I{E® ==> BVALUE
NH A ZH R)=-> BV (§F)==> BV2 (FHr==>

F—y Al =N
RAME R==> 200 GE--> 2,00 (F)==> 0.0
B/AME GF)-=> 0.0 GE)-—> 0.0 (E)==> 0.0
ORI (M ==> 60
PTUE (FH R >
7 (a) MBI T A—F(bE)oT=y—EEH
A= a—HE
Fig. 7Ta  Example of the monitor screen of a precursomy
parameter (b-value). Menu screen.

NRCDP DATE B7.10.15
APE SYSTEM <<« B-VALUE >>> TIME 17 19 47
REGION NO. 26 =xx EVENT TRIGGER »¥x
OFF E 1ZU PEN 87/07/18.00:00 - 87/10/16 00:00

- S_ ....... FTTTTTTITTETITITETTPTT I TIoT) L Lo i

2] &=/ o

i _ W-BVI
gl 2] L
3] 8] N

1
1

= W‘sz

5a]%a] i
34 L
o] o] r
B B e T O T e

7 (b) HMFEATER YT A—# (D) OT=F —@maEl

=¥ —[HiH

Fig. 7b  Example of the monitor screen of a precursory
parameter (f-value).  Monitor screen.
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FINAL PROCESSING

RESULTS OF ANOMALY-LEVEL JUDGEMENT BY [TEM
HIGH SAMPLING-RATE DATA | LOW SAMPLING-RATE DATA
| copa pECAY

| TRANSLATION TO REGIONAL DATA]

-

I (REGITONAL) ANOMALY-LEVEL JUDGEMENTI

/
| RESULTS OF JUDGEMENT]

'

ALARMING DISPLAY

8 FR MBIz 5 2 7 — & RULE DRI
Fig. 8 Flow chart of the final processing.

NTVLLIEEFNT Y CHAT2E2FHERRLGbE @5 2 it k- T, SHEHND
BRENZHETEEEHET S, @O A—FOE YL, #l2E, REHEZET27—
F ORI k> THTRhE, FRFROBRERO RS s EFRERICHEL T2
OEM THIEOFEA THRAN DL 2 HE T 5 ,mmﬁﬂm;':a%%iané.zm
HERBRERHEES T« A 7T LHEMRESNLE, # LT, SEBHOEFEHEDES L [HFE,
D7y v 2 AR OE Y —EHE LIS UTO L % 28 U@ﬂﬂfiT%n Di,
B 9ad & iz, 5E L7z LRI DWW T, BEllERRICH - TEBOHM 72 ﬁiTTéﬁ&
THb, bI2—2IF HIbD L5 EBEORMFEORBHM MM E LT, REEROKRE
SIZEoTHEESEOIT L TR AT L2HETHL, MIEOES, EEHEZ LT 2 2@5H2
h, FPEHiczoEs, T LERBELLBHACBsT 2HENOREHERRIRA 3
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ESLRG SRR+ = & —WIFEsRE #4155 198843 2

<<< REGIONAL ANOMALY FOR EARTHQUAKE OCCURENCE >>>

APE SYSTEM

DATE B7.06.186
REGION NO.26 OFF E IZU PEN. TIME 16.28.42
87/04/1800:00 - 87/06/1700:00

B
F 1
8] 8] §
5 4
[=
5 4
5,15.13
-3 BV 2
pt RELREE
T
Z o & BV 1
w
o -
= AER 2
GP 2
e &
= GP 3
APR 1987 MAY 1987 JUN 1987
9(a) HEHEFEHESREORRY
RERIZETE
Fig. 9a Example of the monitor screen for results of regional anomaly-level judgement.
Temporal variation.
HRCDP :
APE SYSTEM <<< REGIONAL AMNDMALY MAP >>> DATE 87.03.23

ok SECTION NO. 1 stk TIME 11.52.20

37.0H

300N |-

e

87-03-20 21:00
=

MR HIES RO R TH
Esliaba i)

Example of the monitor screen for results of regional anomaly-level judgement.
Spatial distribution,
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