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Properties of foreshocks

e Intime: dT depends on definition! But ranges from
minutes to a few months, maximum of cases in the

last 10 days.
Usually n~t!

e In space: dX depends on definition! But ranges
according to M

Usually move towards mainshock epicenter
e In size: b-value
Usually drops with respect to background seismicity



Real-time implementation

e Empirical rules (Japan, USA)
e Bayesian approach: promising

Our Approach

e FOReshock-Mainshock-Aftershock

e FORMA (project SAFER EU-FP6)

e Space-time-size changes of seismicity

e Time: activity rate, r (z-test, t-test)

e Size: b-value in G-R (Utsu-test)

e Repeat by changing Space

e Alerts for significant changes in bothr & b



Past experience

The time-space-size changes
became clear if data from more

sequences are combined together

New experience: L’Aquila, 2009
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Region Settings From: 01/04/08

L’Aquila: foreshock alert

& Area Selection | - Statistical Tests 'ﬂ FUR“A|
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~Results

BGS: 1/1/2006
>> | Left Region Right Region o | nt |n2 [com |[r |ripe |2 | r2_p= | T-Test | Z-Test |pt [bir b2 b2 s
(@) 01/01/05 00:00:00-01/04/02 00:00:00 01/04/03 00:00:00--20/03/08 22:59:58 353 441 341 130 048B(-1}73837.. 065 0913(+-)188269.. 0031 99.95(378)  99.90(368) 1268 0930 1,082 0%
(@) 01/01/08 00:00:00--01/04/102 00.00.00 0104108 00.00:00-21/03/08 22:59.58 354 441 341 130  048B(-/)173837.. 0065 013(+-)188177.. 0931 99.95(376)  99,90(364) 1268 0980 1082  0¢
(@) 01/01/06 00:00:00--01/04/108 00:00.00  01/04/08 00.00:00-22/03/08 23:59.58 355 441 343 130  048B(=1)173837.. 065 018(+-)187985.. 0931 99.95(373)  98.90(367) 1268 0980 1085  Of
(@) 01/01/06 00:00:00--01/04/108 00:00:00  01/04/08 00:00:00->23/03/08 23:59.59 356 441 343 130 0486(+/)173837.. 065 0Q1B(+-)18779. 0931 9995(377)  9890(366) 1268 0980 1085  Of
(@) 01/01/05 00:00:00-01/04/02 00.00.00 0104103 00.00:00->24/03008 23:59:58 357 441 345 130 048B(+-1173837.. 0065 0923(+-)187607.. 0931 99.95(380)  99,90(363) 1268 0980 1087 0%
(@) 01/01/08 00:00:00--01/04/102 00.00.00  01/04/08 00.00:00-»25/03/08 22,59.50 358 441 345 130  0Q48B(-/)173837.. 0065 023(+-)187419.. 0931 9995(378)  99.90(367) 1268 0980 1087  0¢
(@) 01/01/06 00:00:00--01/04/08 00:00:00  01/04/08 00:00:00->26/03/08 23:59:59 358 441 349 130 0486(+/)173837.. 0065 092B(+-)187827.. 0931 99.95(385)  98.90(374) 1268 0980 1082  0f
(@) 01/01/06 00:00:00--01/04/108 00:00:00  01/04/08 00:00:00->27/03/08 23:59:59 360 441 353 130 0486(+/)173837.. 065 0934(+)188233. 0931 99.95(393)  9890(381) 1268 0980 1088  Og
) 01/01/08 00:00:00--01/04/102 00:00.00 0104108 00.00:00-28/03/08 22:59.58 361 441 361 130  048B(-1)173837.. 0065 0940(+~-)191630.. 0030 99.95(408) 9990393 1268 0980 1107  Of
£V 01/01/08 00:00:00--01/04/102 00.00.00  01/04/08 00.00:00-29/03/08 22,59.58 362 441 383 130  048B(-/)173837.. 0065 0045(+-)191364. 0930 99.95(411)  9990(396) 1268 0980 1110  Og
(@) 01/01/06 00:00:00--01/04/108 00:00:00 01/04/08 00:00:00->30/03/08 23:59.59 363 441 439 130 0486(+/)173837.. 0065 0OSB(+L)437507. 0923 99.95(378)  9976(283) 1268 0980 0917  Of
() 01/01/06 00:00:00->01/04/08 00:00:00  01/04/08 00:00:00->31/03/08 2356:59 364 441 482 130  04BB(+)1T3837.. 0965 O0G7E(+L)514420. 00908 0985(404) 9986295 1268 0980 0936 0€
(@) 01/01/08 00:00:00-01/04/102 00.00.00 0104108 00.00:00-01/04/08 23:59.58 365 441 507 1,30  048B(-/)173837.. 0065 083(+-)518662. 0,894 99.95(420)  99,89(306) 1268 0980 0946  0¢
(@) 01/01/08 00:00:00-01/04/102 00:00.00 0104108 00.00:00-02/04/08 22:59.58 366 441 515 130  048B(-/)173837.. 065 1011(+-)519114. 0881 99,95(428)  98,90(313) 1268 0980 0950  Of
(@) 01/01/06 00:00:00--01/04/108 00:00:00 01/04/08 00:00:00->03/04/08 23:59.59 367 441 527 130 0486(+)173837.. 0065 1028(+L)521347.. 0868 99.95(442)  9890(322) 1268 0980 0954 0¢
() 01/01/06 00:00:00->01/04/08 00:00:00  D1/04108 00:00:00-04/04/09 23:56:50 368 441 532 130  O4B6()73837.. 0965 1047(+)520850.. 0856 Q0O5(447)  99.90(326) 1268 0980 0,955

{Qg 01/01/06 00:00:00->01/04/08 00:00:00  01/04/08 00:00:00-=05/04/08 23:59:50 369 441 537 130 0486(+)173837.. 0965 1065(+-)520581.. 0848 99.95(4,52)  9990(331) 1268 0980 0816
«| b

A




Distance (kim)
]
=

Tohoku 2011

rads 400 kim from epicenter |
mean radius per 10 events
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Prospective test

Run FORMA on a daily basis
Detect changes in activity r
Check changesinb

Determine state of seismicity (background,
foreshock, swarm, aftershock)

If foreshock, then calculate alert level (5
levels)



