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FAUUERN B O(VHUAST CF ARTHASIUGES )
A LONG-TERM PREACKRITORY SEISNICITY PATTERN
INTRODUCTORY LECTURE

THIS IS5 COFE CF oSEVERAL PHEXMCHITORY SEISRICITY

PATPTERIS ,

CHECEED.

HERE WE GIVE THE TWOV-HOW I¥ RESEARCH (ANALYSIS
OF EXISTING CATALCGS) BUT NOT THE REALY RECIPE
FCOR ROUTINE PREDICTION.

OBSERVED PHINCHENA: A STRONG BARTHGUAKE IS PRECEDED BY

A GROUP (F WEAKER BARTHRUAKIS CCNCENTRATED IN SPACE~TIAE.
USUALLY IT IS 4 MATIN SHOCE WITH ABNORMALLY LARGE
NUMBER OF AFTERSHOCKS ("BURST OF AFTERSHOCES").

IS IT RELIABLE AND USEFUL FOR PREDICTION? TO ANSWER, WE

NEED:

TO GIVE A FORMAL (REFRODUCTIRIE AND UNAMBIGUOUS)
DEFINITION OF THE BURST (F AFTERSHOCKS.

USING THIS DEFINITION - TO W{AKE "RETROSPECTIVE
PREDICTION , THAT IS T0 COMPARE BURSTS OF
AFTERSHOCKS AND STRONG EARTHGUAKES IN THE PAST.

70 ATTEMPT FORWARD PREDICTION BY MONITORING
NEW BURSTS CF AFTERSHOCKS.

HOW DO DEFINE MAIN SEOCKS AND THEIR AFPERGLCCRS

IN THE CATALOG?

BARTHOUAKES TN THE CATATOG ARE GIVEN AS (by, ¥j» Ay

by Y5),
i - BEQUEHNCE NUMBER,
& ~ ORIGIN TIME (b; 3 T3 47
{y,A) — LPICENTER,
- DEPTH,
- MAGNITUDE

DEFINITION: EARTHQUAKE WITH NULBER j IS AN AFTERSHOCK
OF THE BARTHQUAKE WITH NUMBER i (J > i) IF:
6y - by & 700D,
\hj - ny| < HQM,),
THE DISTANCE BETWEEN THEIR BFICENTERS IS £ R(M,),
LR i

PROCEDURE:
THE FIRST EARTHQUAKE IN THE CATATOG IS A MATN SHOCK.
ITS AFTERSHOOKS ARE EXCLUDED FROM THE CATALOG.
THE PIRST OF REMAINING EARTHQUAKES IS SECOND

MATN SHOCKE ETC.



PATPERN 3 -~ FCREAL DEFIWITION.

STRONG_EARTHQUAKES: M»M_; WE ARE LOOKING FOR THEIR

PRECURSORS.

MAIN SHOCES: M, - a, =¥, € MU - a

2 main g

AFTERSHOCKS: M, - ay = Moy € M€ W,
(or M - 8§ € UM
WHERE Mm IS MAGNITUDE OF MAIN SHOCK
ds

aftetshocks
LI

Mmain  main|shocks > strong eazthguakes

Mqu‘t |‘f T .

$ Az

aftezshocks

Mo Mq
b = b(@) ~ NUMBER OF AFTERSHOCKS IN FIRST € DAYS
AFTER MAIN SHOCK

PATTERN B: b2 B

TIME OF INCREASED PROBABILITY OF STRONG EARTHQUAKE (TIP):
STARTS WHEN PATTERN B APFEARS,

ENDS WHEN A STRCNG EARTHQUAKE OCCURES
OR T YEARS EXPIRE,
ERRORS: FALSE ATARM - PATTERN B NOT FOLLOWED BY A STRONG

PREGEDED BY A PATTERN B WITHIN T YEARS.

\i

FREE DECISIONS

RBEGION: BOUNDARIBS SHOULD NOT CROSS DENSE CLOUDS OF
EPICENTERS, NOR BE CLOSE TO EPICENTERS OF
STRONG EARTHQUAKES.

CATALCG: SHOULD BE COMPLETE FOR MINIMAL MAGNITUDE OF
AFTERSHOCKS M o (o M . -~ $ ) DURING SOME
TIME-PERIOD. THIS PERTOD SHOULD BE LONG

ENCUGH -~ AT LEAST 5T .
809 Mi N

m, my
CATALOG IS COMPLETE FCR M2 m,, SOMETIMES

UNIDENTIFIED MAGNITUDES (O ON TAFE) CAN BE
REPLACED BY m, .

MAGNITUDES: BEWARE CF DIFFERENT MAGNITUDE SCALES BUT

DON't LOCKE FOR THEIR PRECISE CONVERSION:
CFTEN EVEN THE SIMPLEST CHOICE - MAXIMAL
OF ALL VERSIONS OF M - IS ACCEPTABLE

INTENSITY IS USUALLY UNRELIABLE FCR ESTIMATION
OF M



R

PARAMRTERS OF THE ALGORTTHM

e
__________ o)

VATGHES SHOULD BE FIXED, 1F POSSIBIE, FPRIOR TO

DATA PROCESITNG.

THE MORE PARAYMETERS ART DATA-FITTED, THE LESS IS
STATTSTICAT SIGNIFICANGE OF RETROSFECYIVE FREDICTION,
S0 THE L5385 RELIABLE WOULD BR FORWARD PREDICTICON.

STANDART VALURS (ALL PARAMETERS EXCTUDING M, B).
R = 50km, H= 100w does not depend on M

M 2.5 |ReBm 3= % 5 | 45—
2.99 i-?:-49 l ~Z.991 -h 49 | -4.99
' ! 1
T(M) | T.%3 1 2,85 | 5.7 1t ] 22,81 l45.65
{(days) ; ! : !
t
M o= [Dab= | B.5= (7= 7 25
~5. 49 !— .491 6?99 i—?-’JB ~7.9% ' 28
(ggyﬁ) 91.45 . 5' 255,70 ‘:"?‘50*5 i’ﬂj,’[ ]‘1095,75
| |

aq = Coel; &, = 1.0, az = 2.8, e = 2 days, T = 3 years

<
THE CHOICE OF Mo (MAGEITUDLE THRESLOLD TOR STRONG

EARTHRUAKED, - guidelines:

THR AVERAGE INTERVAL BETWERN STROLG BARTHQUAKES SHOULD
BE WNUCH LARGER THAD T (ABQUTL ; TIKES).

THE HARTHQUAKES WITH M £ i SHOULD RE NOT 700
WUMEROUS : 1 SEOULD BE CHCSEY IN A WIMINUM OF A
HIATOGRAM N(W)

THE CHOICE CF B IS NOT POSSIBLE PRIOR TO RETRCSPECTIVE
PROGNOSIS. GUIDELINES:

VHE HUMFER CF MATN SHOCKS WITH b » B SHOULD BE MORE
THAN THE FUMBER OF STRONG EARTHQUAKES BUT KOT TOO

LARGE.
MAIN SHOCES WITH b= B SHOULD BE NOT TO0 NUMEROUS:

® SHOULD BE CHOSEN T¥ A MINIMUM OF A HISTOGRAM N(b).



QUALITY OF RETROSPECTIVE PREDICTION

PERIOD CF THE RETROSFECTIVE PREDICTION

FART OF THE PERIOD T COVERED BY

a
T -~ INTERVALS AFPTER EACH PATTERN B
(OVERLAPPING PARTS ARE COUNTED ONCE).
n, - THE NUMBER OF STRONG BARTHQUAKES WITHIN THESE
INTERVAIS,
n -~ TOTAL NUMBER CF STRONG EARTEQUAKES.

COMPLTING HYPOTHESIS: STRCNG BARTHQUAKES ARE

UNIFORMLY DISTRIBUTED AND INDEPENDENT OF

PATTERNS B.

PROBABILITY : N
""""" Lo (TaV s T\
P2 Col 7 (177

j= 1

SHOULD BE SMALL ( < 0.1) TO REJECT THE
COMPETTNG HYPOTHESIS.
THIS TS NOT TEE CONCLUSIVE TEST, SINCE
WE DATA-FITTED SOME PARAMETERS AND STRONG
EARTHQUAKES ARE DEFINITELY NON~UNIFORMLY
DISTRIBUTED.,
ANOTHER COMPETING HYPOTHESIS: STRONG EARTHQUAKES
AND PATTERNS B ARE INDEPENDENT, BOTH ARE
MORS FREQUENT DURING THE PERTODS OF LARGE
SETSMIC ACTIVITY.
TIE CEECK: ReTROSPECTIVE PREDICTION FOR INVARSE TIME,

TAKING 43 TiPs THE T -INIERVAIS REFORE PATTERNS B.

STABILITY TO VARIATION CF PARAMETERS IS ADDITIONAL CON-

FIRMATION CF RETROSPECTIVE PHREDICTION,
USUADL VARIATIONS:

M *c.3

R % 5ok

e up to 30 days

T t 1 year

B - NEAREST MININUMS OF A HISTOGRAM N(b)

TRANSFER TO ANOTHER TERRITORY
VARTATION OF REGION BOUNDARIES
CONCLUSIVE TEST: CURRENT MONITORING OF THE FATTERN B

AND FORWARD PREDICTION.



TIHE Ik- FAISE FCRWARD PRE-

REGION MO TERVAL /N Ta/T ALARNS DICTICH:
(YEARS) K/, F.ALARMS
S CALIFORHIA 6.5 1932-1080 6/8 22,2/49 2 0/C, ©
N CALTFORITIA E.2 19451980 4/5 10.6/36 1 1/%, ©
S JAPAN 8.0 1926-1980 2/2  9.2/55 2 0/0, 0
. JAPAN . 77 1940-1380 5/5 14.3/41 2 1/1, 0
NEN ZAEATAND ©.0  1940-1580 4/7 8.,9/41 q 0/0, .0
CEILE-ARGENTINE 7.7 1960-18979 2/2 3.8/20 1 0/1, 1
BOLIVIA-PERU 77 1960-1979 1/ %.6/2C 1 c/C, C
COLOMBIA-VENEZULRLA 77 19001979 O/1 8.,0/20 2 070, 0O
OENTRAL AMERICA 7.5 19601979 3/6  2.5/20 0 0/1, 0
NEW GUINEA 7.5 1960-1980 1/2  3.2/21 1 . 0/0, O
SOLOMON ISLS 7.9 1960-198C 1/2  4.0/21 O 0/0, ©
SANTA CRUZ ISIS 7.9 1960-1980 1/1  3.0/21 2 0/0, ©
WKW HEBRIDES 7.7 1960-1980 1/2  0.5/21 O 0/C, 0
N.-E.CHINA 7.9 1960-1978 2/3  2.0/19 1 0/0, ©
CAUCASUS 6.0 19621978 2/4  2,4/17 O 0/1, O
PAMIR 7.0 1962-1978 11 1.9/17 O 0/0, 0
KAMCHATRA- 7.0 1962-1378 3/4  3.7/17 0 0/3, 0

KOMANDOR ISLS.

N _ TOTAL NUMBER OF STRONG EARTHQUARRES
K - ©NUMBER (F "PFREDICTER" EARTHQUAKES
T

-~ LURATION CF THE TIME INTERVAL
Pa =~ DURATIOK OF TIPs DURING THE INTERVAL T.






