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| Introduction lll. OnSite Algorithm Highlights V. Virtual Seismologist (VS) Algorithm Highlights
Thg Of}st;(e algorithrg I:I;eing imp![emgnted bty Cia”e(i_h USEGS the f_:eguenccyll Con’:(ent anddamptllitudeti?;ormation f?(f thg firS’E{:]eV\lf SetC?; The VS algorithm is a Bayesian network-based algorithm being implemented by the Swiss Seismological Service at ETH Zurich. The VS algo-
— — ) onds ot the observed F-wave at a given siie 1o estimate magnitude and peak ground motion at ine same site. Uver (ne 1as rithm began real-time processing at the SCSN in July 2008. VS has also been installed more recently (Feb 2009) at BDSN and Menlo Park.
Trfe(czta?/gmitlgfggﬁﬁ 28'085;';ﬂggwgfkth(ec:rSnN?e:fgﬁgﬁgﬁopeC;ﬁifeie?t'ife yaenadr years, the OnS|t_e algorithm detected ~140 local earthquakes in California and Baja Mexico in the magnitude range 3.5 = Mw = Like ElarmS, VS uses picks and amplitude information to rapidly estimate the magnitude and location of an event. Regional GMPEs are then
Eori]parativg performancg svaluation of three par?icipating ear,thquake carly wg’rning 5.4. Most reporting delays ranged between 9 and 16 seconds and has recently been reduced to 4 to 11 seconds due to software used to predict the distribution of peak ground shaking throughout a region in real-time. Based on the CISN EEW Testing Center definitions of
(EEW) algorithms: 1) the Tau-C/Pd OnSite algorithm developed by Caltech, 2) the design |mprov.emer.1ts. | _ ~ before aftmeer; triggers, VS has a false trigger rate of 5.5% at the M>4.0 level based on data from the last 6 months.
ElarmS algorithm developed by UC Berkeley, and 3) the Virtual Seismologist (VS) algo- (b) T 7T T T kTR Figure 6 (left): VS real-time performance in South-
rithm developed by the Swiss Seismological Serice at ETH Zurich. These three EEW JRERERLIEE" ERELIE JB"  EEL 38 | | | ern California from July 2008-Oct 2009. VS correctly
algorithms were installed and tested, and continue to run in real-time at the Southern HE AL a=aa ﬁﬁ‘ AR A SCSN stations detected 1970 M<3.0 events and 182 M>3.0 events
California Seismic Network (SCSN), the Berkeley Digital Seismic Network (BDSN), & | ~ e . ¢ & 4 =™ =/ ™= T T T 4 <.> rea:—:?me ¥§ geiecﬂonsmi?vs during the 15-month testing period. There are con-
and the USGS Menlo Park network. Over the last three years, these EEW algorithms i * e g centrations of missed events at the edges and outside
submitted real-time and automatic non-interactive offline event reports to the CISN A W e . Jﬂm e ﬂh — 37 of the network. Over the last 6 months, VS correctly
EEW Testing Center, established by the Southern California Earthquake Center = [ afQ8geese ~ . ward 0 w7 w0 e e T detected 15 M>4.0 events, and had 3 M>4.0 false
(SCEC) to independently evaluated algorithm performance relative to the ANSS earth- | u Aoy ; oo | L mﬁ L o events that did not match an entry in the ANSS cata-
quake catalogue. N Y A 2 TDSEEF NEe" Th" SRRy SESRIENAERS . 36l | logue. This averages to 1 false M>4.0 event every 2
T [s] months. To date, VS has had no M>5.0 false events.
Il. California-wide Testing Figure 2: The Tau-C / Pd trigger criteria was developed to improve real-time performance of the OnSite algorithm. (a) This cri- |
teria uses Tau-C (and hence magnitude)-dependent thresholds for Pd, takes into account empirical ground motion attenuation
characteristics in Southern California, and sucessfully removed 97% of previous false triggers on broadband stations. (b) The 35 N °e
During the three year study, all three algorithms successfully detected many earth- criteria also reduced the scatter in magnitudes estimates for small earthquakes.
quakes, and in some cases, predicted peak ground shaking before it occurred. Each al- @ ) - (c) | "
gorithm, originally designed for a specific region of the state, was expanded to process Observed Peak Ground Velocity (PGV) Predicted Peak Ground Velocity (PGV) u TS u 7 aal | Z
data from throughout California, to run continuously in real-time, and to provide real- L L S L L . SRR PR ﬂé E £ ;
time alert messages. All three algorithms submitted event reports, consisting of magni- h o gt iy =l ;. . % ;a:%ﬁ : g K
tude and peak ground shaking estimates (and location estimates for VS and ElarmS) é&“xi ¥ | ¥
to the CISN EEW Testing Center, which compared the event reports to the ANSS earth- | ! ithout staton | With station 33 —ean time to .
gquake catalogue. Algorithm performance was evaluated based on magnitude and loca- 7 corectons (8 conectons st ostimate. . Iy
tion accuracy, as well as false and missed alerts. The CISN EEW Testing Center S S 20 sec f
posted regularly updated performance summaries on its  website H s * wl sigma: 6 sec ) T
(Nttp:/fwww. scec.orgleew). " % wg’*‘**'*;w' : yg«.%;gg% Figure 7 (above): VS magnitude error as a func-
All together, statewide testing made use of 382 stations with a total of 585 broadband 1 &f‘ S . A i tion of nth VS estimate fqr M>3.0 events in ad-
and strong motion instruments from the AZ, BK, CIl, NC, and NP subnetworks of the Without station | st 31 | | | | | | | equately instrumented regions where we expect
CISN, with processing facilities at Caltech/Pasadena, UC Berkeley, and USGS Menlo . W s Mg s -121 -120 -119 -118 117 -116 -115 -114  reasonable VS performance. The red crosses
Park. I denote the mean magnitude error of the nth VS es-
: T . . . . . timate. The dashed lines denote the £1 and %2
- _— i o - aun _— - — - o Figure 3: Distribution of (a) observed and (b) predicted values of PGV at 60 CISN stations that triggered the OnSite algorithm sigma levels.
—— = —T 5 - ] during the 29 July 2008 Mwb.4 Chino Hills earthquake. Each estimate in (b) would have been available within 3 seconds of the - . .
P-wave arrival. The Chino Hills event demonstrated that Tau-C and P-d are site-dependent parameters. (c) Taking into account sta- VIi. CISN EEW Testlng Center (SCEC) H Igh|lghtS

tion correctionis reduces the uncertainty in magnitude and peak ground motion estimates.

The CISN EEW Testing Center was established by SCEC to provide an independent EEW algorithm performace evaluation system. Develop-
ment of a common testing environment helped algorithm developers standardize on important issues such the definition of the testing region,

IV. Elarm$S Algorithm Highlights time stamps, output parameters, data formats, and the type of performance summaries that are now produced on a regular basis.The CISN

_ _ _ o . _ EEW Testing is designed to perform prospective testing and encourage “apples-to-apples” comparisons of EEW algorithm performance.
The ElamrS algorithm is a network-based algorithm being implemented by UC Berkeley. The algorithm detects P-wave arrivals at

several stations around an event epicenter and uses arrival times, amplitudes, and frequency content of the P-wave to rapidly esti- Figure 8 (left): A screen shot of the CISN EEW Testing Center
mate the magnlt_ude_ and Iogatlon of the event. ElarmS then uses regional GMPEs to predict the expected peak ground shaking CIQN Catforna Inegrated website showing the various types of summary reports being cre-
throughout a region in real-time. <L LN Seismic Network _, " ated. On a nightly basis, the Testing Center software retrieves
ElarmS-RT: 2009.08.08 - 2009.10.20 California’s Partner to the  —AHNSS -k | ! - i i i i .
1 (a) | | | | | | (b) | | | | | | 125° 124° 123° 122° 121° 120° 119° 118° 117° 116° 115° 114° Advanced National Seismic System L CG5 USGS  OES  Caltach mﬂflw an NSF+USGS center ANSS Catalogue |nf0rmat|0n for Ca||f0rn|a, and CompareS trlggel’S
MAIN MENU SUNMARY BROWSER from the 3 algorithms against events in the catalogue. The ANSS
s Summaries will display in separate wide window. Right click for other browser options. Catalogue IS USGd as the reference data setl. The CISN EEW TeSt'
§ a Please see new Documentation also available from within Summaries. mg Center software framework is derived from an open source
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= a0 06:45:27 GMT backto 06-  00:00:00 GMT last 6 months framework created at SCEC for the Collaboratory for the Study of
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2 w M4.0 Composite By Event  0.24 MB Created 2009-12-10 05:30:45 PST Earthquake Predlctabllty (CSEP) Use of the CSEP software has
M4.0 Composite By Source  0.23MB Created 2009-12-10 05:30:35 PST .
P e D 1OMB oo 0004940 06.30.8 PST reduced the software development needed to support the Testing
M4.0 Magnitude 0.16 MB Created 2009-12-10 05:30:34 PST Center.
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: 2009- n Augus , a second three-year study was initiated to integrate
"2 :"'23'1”1] 2009 06:45:27 GMT backto 06-  00:00:00 GMT last 6 months 9 . . y y . 9
- % a7 ' 01 the three test algorithms into CISN ShakeAlert, a single prototype
e pene P S Vs ﬁm;g:;}: B Source 090 ME Ol 20061540 0042 PET EEW system that will provide real-time warning information to a
% S e, small group of test users by the end of the study in 2012.
M3.0 Magnitude 0.66 MB Created 2009-12-10 06:48:54 PST
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| Dptimal Additional Stationa . . . WORKFLOWS gt e s VB, Creates 0081210 07.06.20 PST Over the next 2 years, stimulus funding will be used to upgrade
Figure 5: Map showing all ElarmS detected M>3.0 events, false and missed No Ponding Acions £ Irigger Lii-Onsite 0 s ! o
hm - M3.0 Trigger ETH-VS-NI - 0.33MB Created 2009-12-10 07:17:13 PST many of the older, slower dataloggers throughout the CISN. This will
e e alerts during from 8 August through 20 October 2009. There were 63 M>3.0 Ok e mg-gpyggsruﬂcg-%éls-mr " 245MB  Created 2000-12:10 07:12:02 PST 4 h gi ! tation data lat ‘ 5 4o 1 ' 2.3
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~ events in Northern California during this testing period. ElarmS detected 45 - W0 HEE_ 2009- " e duce © median station data fatehcy from 9.2 seconds 1o SeC
o e am e Am am Al A AT e s 5 events, missed 18 events, and sent 4 false alerts. ElarmS alert criteria is 240 O064SZ7CGMT backto 08 00:00:00 GMITlast 4 months : onas.
o region-dependent, based on station density. (=) . . . .
S L A . _ The algorithm testing efforts clearly illustrate the benefits of dense
Figure 1. EEW algorithm performance is strongly tied to station density. All three EEW N T s ﬁgmﬂem%@h e I P D B e s station spacing to reduce false and missed alerts, as well as to im-
algorithms perfOrmed eXtremely well (95'1 00% detection Capablllty at M>=3.0 Ievel) IN ;12 . -é-ljsfpu%egicahf;mmﬁtg | U Japal;m _J ::iz -:;;g:iﬂﬁ;ssg _;]u;}gs:ﬂu:qﬁs ﬁ.;::g.g: ::.E :gj; :g.ﬁ:g.:ﬂ prove the Speed of alert delivery_ Enhancing the networks to provide
reagions with ~20 km interstation spacina.ln aeneral. performance dearaded with de- Catalog Magnitude Catalog Magnitude e - 012D, ot = 0. Py 032 02 = 0. Acknowledgements: The Southern California Seismic Network (SCSN), the Berkeley Digital Seismic N : ) : : - - -
o | | ) SPACING. T genetd, PEriormence £e9 | B i 00e0m 000 00 S04 L0004 L0000 Network (BDSN) and the Southern California Earthquake Data Center (SCECDC) are funded tough 20 KM Inter-station spacing (as is found in Japan, San Francisco
creasing station density. Above is a map of the real-time seismic stations used in EEW e 4: Region-d dent p ati . Location ] 3362179 | 3212218 | 3252187 | 1982 136 | 211 168 contracts with USGS/ANSS, the California Office of Emergency Services (OES), and the Southern Bay Area, and Los Angeles, where EEW works relatively well)
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are ~100 additional stations needed to have 20 km station spacing for high hazard re- au-=anhd -0 were developed for Northern L.alltor- Table 1: Statistical distributions for Elarms itude. locati d Project SAFER and EC-Project NERIES. require ~100 additional stations.
_ _ . b). Southern Calif g dJ f able 1: Statistical error distributions for ElarmS magnitude, location, an
gions and 40 km station spacing along the San Andreas fault. nia (a,b), Southern California (c,d), and Japan (e.f).

peak ground motion estimates (derived from Japanese data)



