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INVESTIGATIONSUNDERTAKEN

TheRapidEarthquake DataIntegration(REDI) Projectis a systemfor theautomateddetermi-
nationof earthquake parameters,basedon a sparse,broadbandnetwork. We have implemented
thissystemusingdatafrom theBerkeley Digital SeismicNetwork, focusingon localandregional
eventsin northernandcentralCalifornia.Programdevelopmentwasinitiatedin 1993andaproto-
typesystembeganproviding automaticlocationandmagnitudeinformationin Novemberof 1993
usingcommercialpagersandtheInternet(Geeetal., 1996a).

In northernCalifornia,theBSL andtheUSGSMenloParkcollaborateto providethetimely and
reliableearthquake informationto thefederal,state,andlocal governments,to public andprivate
agencies,andto thegeneralpublic. This joint earthquake notificationsystemprovidesenhanced
earthquake monitoringby building on thestrengthsof theNorthernCaliforniaSeismicNetwork,
operatedby theUSGSMenlo Park,andtheBerkeley Digital SeismicNetwork (BDSN),operated
by theUC Berkeley SeismologicalLaboratory. Over thelastyear, theBSL hasfocusedits efforts
to expandthecapabilityof the REDI systemandenhanceits reliability, includingminor modifi-
cationsrequiredfor Y2K. TheBSL hascompletedwork to incorporatethefinite-fault. estimation
proceduresof Dreger and Kaverina(1999)in the REDI systemandhasworked with the USGS
andCDMG towardtheimplementationof ”ShakeMaps” in theSanFranciscoBayArea.

Background

Current Status

On April 18, 1996,theBSL andtheUSGSannouncedtheformationof a joint notificationsys-
tem for northernandcentralCaliforniaearthquakes(Geeet al., 1996b). Thesystemmergesthe
programsin Menlo Park and Berkeley into a singleearthquake notificationsystem,combining
datafrom the NCSN andthe BDSN. On the USGSside,incominganalogdatafrom the NCSN
aredigitized,picked,andassociatedaspartof theEarthworm system(Johnsonet al., 1995).Pre-
liminary locations,basedon phasepicks from theNCSN,areavailablewithin seconds,basedon
theassociationof a few arrivals,while final locationsandpreliminarycodamagnitudesareavail-



ablewithin 2-4minutes.Earthwormreportsevents- boththe”quick-look” 25stationhypocenters
(withoutmagnitudes)andthemorefinal solutions(with magnitudes)to theEarlybirdalarmmodule
in Menlo Park. This systemsendstheHypoinversearchive file to theBSL for additionalprocess-
ing, generatespagesto USGSandUC Berkeley personnel,andupdatesthe northernCalifornia
earthquakeWWW server.
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Figure1: Schematicdiagramillustratingtheconnectivity betweenthereal-timeprocessingsystemsattheUSGSMenlo

ParkandUC Berkeley. Thecombinedsystemformsthejoint earthquakenotificationprojectin NorthernCalifornia.In

additionto thejoint systemcomponents,theBSL operatesa ”stand-alone”REDI systemat UC Berkeley (to provide

event informationif thecommunicationlink betweenBerkeley andMenlo Park is severed)andat Sacramento.The

Sacramentosystemis a pilot project to provide earthquake information to OES in caseof a damagingBay Area

earthquake.

OntheUC Berkeley side,theHypoinversearchivefile is usedto drivetheREDI processingsys-
tem.This is amodificationof theoriginalREDI design,which identifiedandlocatedeventsusing
raw phasedatafrom theBDSN andNCSN(Geeet al., 1996a).In the revisedREDI processing,
themagnitudeof eachhypocenteris assessed.If thecodamagnitudeis greaterthanor equalto 3.0,
waveformsfrom theBDSNareanalyzedto estimatelocalmagnitude.Onceanupdatedmagnitude
is obtained,the event informationis pagedto USGSandUC Berkeley personnel,notificationis
sentto emergency responseagencies,andthe revisedmagnitudeis transmittedto the Earlybird
systemin Menlo Park. The earthquake is thenevaluatedfor the next level of REDI processing.
If the local magnitudeis greaterthan3.5,waveformsfrom theBDSN strong-motioninstruments
areanalyzedto determinepeakgroundacceleration,velocity, anddisplacementandto estimatethe
durationof strongshaking.Whenthestrong-groundmotionprocessingis complete,thesevalues
aredistributedby email andpagerandthe event is scheduledfor momenttensorestimation. In
this stageof REDI processing,both thewaveformmodelingmethodof Dreger andRomanowicz



Stage Qualification Processing
1 All events Location
2 M � 3.0 Localmagnitude,Energymagnitude
3 M � 3.5 Peakgroundmotion
4 M � 3.5 Momenttensor
5 M � 6.0 Linesourcefinite fault
6 M � 6.0 2D finite fault

Table1: CurrentREDI processingstages.Thelocationproceduresin Stage1 areskippedin normaloperationof the

joint system,but areutilized if problemsprevent the flow of hypocenterinformationfrom the USGS.The itemsin

italicsarerecentextensionsto theREDI system.

(1994)andthe surfacewave inversiontechniqueof Romanowiczet al. (1993)arerun for every
qualifying event(earthquakeswith �� greaterthan3.5). Eachalgorithmproducesanestimateof
the seismicmoment,the momenttensorsolution, the centroiddepth,andsolutionquality. The
REDI systemusesthe individual solution qualitiesto computea weightedaverageof moment
magnitude,to comparethemechanismsusingnormalizedroot-mean-squareof themomenttensor
elements(Pasyanosetal., 1996),andto determinea ”total” mechanismquality.

At present,two Earthworm-Earlybirdsystemsin MenloParkfeedtwo REDI processingsystems
atUC Berkeley (Figure1). Oneof thesesystemsis theproductionor pagingsystem;theotheris set
upasahotbackup.Thesecondsystemis frequentlyusedto testnew softwaredevelopmentsbefore
migratingthemto theproductionenvironment.In addition,theBSL operatesathird system,which
usesBDSN picks to form an independentlist of associatedevents. This third systemprovides
redundancy in casethecommunicationlinks with theUSGSMenlo Park aredisrupted.A fourth
systemis installedin Sacramentoin orderto providearedundantnotificationfacility outsideof the
BayArea.

Earthquake informationfrom the joint notificationsystemis distributedby pager, e-mail, and
theWWW. Thefirst two mechanisms”push” theinformationto recipients,while thecurrentWeb
interfacerequiresinterestedpartiesto actively seektheinformation.Consequently, pagingand,to
alesserextent,e-mailarethepreferredmethodsfor emergency responsenotification.TheNorthern
CaliforniaWebsitehasenjoyedenormouspopularitysinceits introductionandprovidesavaluable
resourcefor informationwhosebandwidthexceedsthe limits of wirelesssystemsandfor access
to informationwhich is usefulnot only in thesecondsimmediatelyafteranearthquake,but in the
following hoursanddaysaswell.

RESULTS

New developments

Year 2000 compliance

The REDI systemdid not experienceany major problemsdue to Y2K issues. Modifications
to theEarthworm componentsof theREDI systemhadbeenimplementedandthoroughlytested
by theendof theyear. Only smallchangeswererequiredin theREDI software,primarily in the



momenttensorcodes.Onesmall bug slippedthroughthe cracks,andturnedup during the first
eventwhich qualifiedfor momenttensorprocessingin 2000.This bug wasquickly identifiedand
fixed.

Comserv

The BSL usesthe comserv programfor centraldataacquisition,which was developedby
Quanterra.The comserv programreceivesdatafrom a remoteQuanterradatalogger, and re-
distributesthedatato oneor morecomservclient programs.Thecomservclientsusedby REDI
includedatalog, which writes the datato disk files for archival purposes,cdafill, which
writes the datato the sharedmemoryregion for REDI analysis,andotherprogramssuchasthe
seismicalarmprocess,theDAC480system,andthefeedfor theMomentoMori Webpage(Figure
2).

The two computersthat performdataacquisitionalsoserve asREDI processingsystems.In
orderto facilitateREDI processing,eachsystemmaintainsa sharedmemoryregion thatcontains
themostrecent30minutesof datafor eachchannelusedby theREDI analysissystem.All REDI
analysisroutinesfirst attemptto usedatain the sharedmemoryregion, andwill only revert to
retrieving datafrom diskfiles if therequesteddatais unavailablein thesharedmemoryregion.

Most BDSN andHFN stationstransmitdatato only oneor theotherof thetwo REDI systems.
In earliersystemconfigurations,eachstationwouldtransmitdatato oneof thetwo systems,which
wouldwrite thedatato localdiskfiles,copy thedatain its own sharedmemoryregion,andtransmit
the datavia a socket to the othersystem’s sharedmemoryregion. EachREDI system’s shared
memoryregion containeddatafrom all stations,but eachcomputer’s filesystemcontaineddata
from only onehalf of the network. The REDI systemsusethe Network File System(NFS) to
accessremotefiles thatresideon othercomputers.If a REDI analysisprogramrequireddatathat
wasnot in thesharedmemoryregion, it wouldattemptto retrievethedatafrom thediskfiles from
both REDI computers.If oneof the two REDI computerswasunavailable,this could causethe
REDI processingto hangwaiting for accessto theothercomputer’sfiles.

During thepastyear, we revisedour dataacquisitionprocedureto usetwo programsdeveloped
at Caltech. The comservclient programcs2m receivesdatafrom a comservandmulticaststhe
dataover a privateethernet.Theprogrammcast, a modifiedversionof Quanterra’s comserv
program,receivesthe multicastdatafrom cs2m, andprovidesa comserv-like interfaceto local
comservclients.ThisallowseachREDI systemto haveacomservserver for everyBDSNstation.
Weaddedadditionaldiskspaceto bothof theREDI computerssothatweusedatalog to write a
copy of datato eachcomputer’sfilesystem.We reconfiguredtheREDI computersto only retrieve
datafrom their own filesystems,therebypreventinga lossof oneREDI computerfrom possibly
hangingtheotherREDI computer’sprocessing.

We extendedthemulticastingapproachto handledatareceivedfrom othernetworkssuchasthe
NCSN andUNR. Thesedataarereceived by Earthworm dataexchangeprograms,andarethen
convertedto MiniSEED andmulticastin thesamemannerastheBDSN data.We usemserv on
both REDI computersto receive the multicastdata,andhandleit in an identical fashionto the
BDSNMiniSEEDdata.
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Three-Component Picker

In thelastyear, wehaveworkedto stabilizethepicker for anoperationalenvironment.Thishas
includednumerousbug fixesanddevelopmentof errorhandlingconditions(for example,how to
treattelemetryoutages).Thecodehasbeenput into a softwaredistribution packageandis ready
to beexportedto potentialusers.

At present,the picker is runningon a test system,feedinga stand-aloneREDI system. Our
remainingeffort is focusingon testingthe picker in conjunctionwith the associator. This work
is beingdonein real time andby runninghistoricaleventsthroughan off-line version. We are
alsoworkingon theissueof phaseidentificationandupgradingtheassociatorto takeadvantageof
azimuthandphaseid.

As an illustration,we show the resultsfor the M4.8 earthquake nearBolinas. Figure3 shows
threesetsof Ptravel-timeresidualsfor ahuman,thepicker, andtheMurdock-Hutt(MHH) detector
computedfrom theBSL catalogreadings.Picksfrom theBH, HH, andHL channelsareincluded.
Thescattershown in the threeplots is similar (around1 to 1.5 sec),althoughthe distribution of
MHH is morecompact.Thescatterin theanalysts’picksis somewhatsurprising,but is primarily
limited to theBH picks(HH andHL picksshow betteragreement).As this event illustrates,the
picker is performingreasonablywell, althoughit seemsto pick slightly laterthaneithertheMHH
or the analyst. The tendency to pick later is correlatedwith distance,asarrivals becomemore
emergent. The picker, which wastunedon BH data,behavesmorereliably on the BH andHH
channelsthanon the HL channels.At neardistancesto anevent,betterpicksareobtainedfrom
theHH dataasthehighersamplingratereducesproblemsassociatedwith theacausalFIR filters.

Thepickercanidentify Saswell asP arrivals,althoughit hassomedifficulty at shortdistances.
Figure4 illustrateshow the associationalgorithmperformswith output from the picker. The

locationscomputedfrom the BH (downward triangle),HH (upward triangle),and HL (square)
areshown, in comparisonwith the locationfrom theBSL catalog.TheBH andHH locationsare
within a few km of thecataloglocation,while theHL locationis shiftedto thewest. Thepicker
madefewerdetectionson theHL data,which reducedthequalityof thelocation.

Finite-Fault Parameterization

Overthelastyear, wehaveexpandedtheREDI processingenvironmentto includetheestimation
of finite-faultparameters.Thisapproachis basedontheuseof theoreticalGreen’s functionsandis
anextensionof thefinite-sourceinversionsthatarecommonlyperformedon local strong-motion
data(for example,Wald et al. (1996)andCoheeandBeroza(1994)). Usinga pre-computedset
of Green’s functionsfor anappropriate1-D velocitymodel,it is possibleto consideranarbitrarily
orientedsourceusingparametersobtainedfrom theautomatedmomenttensoranalysisanda di-
rectivity modelof anexpandingcircular rupturewith a constantrupturevelocity anddislocation
risetime.

Basedon the developmentof Kaverina et al. (1997) and Dreger and Kaverina (1999), we
have implementedthe finite-fault estimationprocedurein two REDI stages.In stage5, BDSN
broadbandandstrong-motionwaveformdataarepreparedfor inversionandroughestimatesof the
fault dimensionsarederivedusingthe empiricalscalingrelationshipsof Wells and Coppersmith
(1994). Using theseparametersto constrainthe overall dimensionsof the extendedsource,the
processteststhetwo possiblefaultplanes(determinedin stage4) overarangeof rupturevelocities
by performingaseriesof inversionsusinga line-sourcerepresentation.
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Each line-sourcecomputationis quite rapid. Calculationsfor the 1992 Landersand 1994
Northridgeearthquakes requiredapproximately3.5 minutesto test 7 rupturevelocitiesfor the
two differentplanes(Dreger andKaverina, 1999). In testsbasedon theLandersandNorthridge
earthquakes,thefault planewasclearlydefinedby thevariancereductionfrom theline-sourcein-
versions.In additionto theidentificationof thefaultplaneandapparentrupturevelocity, thisstage
yieldspreliminaryestimatesof therupturelength,dislocationrisetime,andthedistributionof slip
in onedimension.

The secondcomponentof the finite-fault parameterizationusesthe best-fittingfault planeand
rupturevelocity from Stage5 to obtaina morerefinedimageof the fault slip througha full two-
dimensionalinversion.If Stage5 fails to identify theprobablefault (dueto insufficientseparation
in variancereduction),Stage6 computesthe full inversionfor both fault planes. In the present
implementation,the full inversionrequiresan additional20-30minutesperplane,dependingon
theresolution,ona SunUltraSPARC1/200e.

This extensionof REDI processingis runningon a developmentsystemat theBSL, whereit is
beingtested.We anticipatemigratingthesemodulesto theproductionsystemsin thefall of 2000.
At the time of the 1999HectorMine earthquake, the REDI implementationwasnot complete.
However, theapproachwastestedusingseveralregional-distancestationsfrom TriNet. Dreger and
Kaverina(2000)first usedthe line-sourceinversionto identify thecausative fault planeandthen
obtainedthedistribution of slip on theNW-trendingplaneusingthebest-fittingrupturevelocity.
The imageof thefinite ruptureobtainedby this procedureagreedwell with aftershocklocations
andobservedsurfacerupture.



Shake Maps

Duringthepastyear, theUSGSMenloPark implementedversion1.0of theShakeMapsoftware
for northernCaliforniaearthquakes(Boatwrightet al., 1999). This softwarepackage,developed
aspartof theTriNet projectin southernCalifornia(Wald et al., 1999),combinesobservedvalues
of groundmotionwith predictedvalues(primarily basedonattenuationrelations)in orderprovide
mapsof strongshaking.During the pastyear, we implementedsoftwareto pushgroundmotion
datafrom theBDSN to theUSGSfor usein ShakeMaps.ThenorthernCaliforniamapscombine
datafrom theprimaryearthquakemonitoringagencies(USGS,CDMG,BSL)with othersourcesof
strongmotiondata(suchasPG&E) in orderto provide themostcompleteview of groundmotion
following anevent.

Thefirst ”official” northernCaliforniaShakeMapwasproducedfor theAugust18,1999,earth-
quake nearBolinas,California(seediscussionbelow). As presentlyimplemented,theREDI sys-
tem pushesgroundmotion datato the ShakeMapsystemin Menlo Park for eventsof M3.5 and
higherat thecompletionof thestage2 processing.

TheUSGSMenloPark is currentlytestingShakeMapversion2.0,whichprovidesimprovedcor-
rectionsfor geologyandgreaterflexibility for differentattenuationcorrectionsandothersources
of predictedgroundmotions.Onceversion2.0is implementedin MenloPark,we intendto install
theShakeMapcodesaspartof theREDI systemat theBSL.

Data exchange

In order to improve our capabilitieson the edgesof the network, we have initiated efforts to
establishmechanismsof dataexchangewith neighboringnetworks.

We have recentlycompletedanagreementwith theUniversityof Nevada,Reno,to enhancethe
earthquake monitoringcapabilitiesin northernCaliforniaandNevada.As partof this agreement,
we agreedto exchangewaveformdata.At thepresent,three-componentdatafrom CMB, WDC,
MOD, andORV andverticalcomponentdatafrom YBH, ARC, HOPS,WENL, SAO, andKCC
arebeingsentto UNR. In exchange,theBSL is receiving three-componentdatafrom BEK, OMM,
PAH, andWCN. In addition,UNR is forwardingdatafrom theNSNstationsWVOR,MNV, DAC,
andELK. TheUNR sensorsareGuralp40Tsandthesestationswill enhancetheREDI capabilities
in easternCaliforniaandwesternNevada.

TheUNR dataexchangeis implementedusingthe Earthworm import/export mechanism,over
theInternet.This is thesameprotocolweusefor waveformexchangewith theUSGSMenloPark.
Figure2 illustratesthecurrentdataflow in theREDI environment.Datafor export via Earthworm
is fed into theTraceRing,usinga comservclient. An Earthwormexportprocesspicksdataof the
ring andtransmitsit to theUNR clientanda separateprocessdoesthesamefor theUSGSMenlo
Park client. Dataimportedvia Earthworm is broughtinto the TraceinRing. A moduleconverts
from Earthworm to MiniSEED packets(ew2m) andthe datais distributedto the two acquisition
systems.Eachacquisitionsystem”logs” thedatausingmserv.

Theexchangewith UNR hasjustgottenoff theground.Basedontheexperienceof afew weeks,
it seemsasif therearea numberof issueswith reliability. We do not seeasmany problemswith
theEarthworm feedto Menlo Park, which maybeattributedto therobustnessof the frame-relay
connection(asopposedto theInternetconnectionwith UNR). We will beexploringotheroptions
in thecomingmonths.



In addition to the exchangewith UNR, the BSL exchangeswaveform datawith UCSD via a
publicdomainOrb. We arecurrentlyworkingout thedetailsof anexchangewith Caltech.

In thecomingyear, we anticipateimproving our capabilitieswithin the network by expanding
ourdataexchangewith theUSGSMenloPark.

QDDS

We installedthe”Quake DataDelivery Service”or QDDSsoftwareat theBSL in thelastyear.
Thissoftwarewasdevelopedby theUSGStoallow for theexchangeof parametricearthquakedata,
suchaslocationsandmagnitudes.QDDSprovidestheearthquake informationfor the”recenteqs”
mapsaswell asfor otherapplications.We arecurrentlyrunningQDDSandthe”recenteqs”soft-
ware.

At present,theREDI systemis not contributing datato QDDS.TheUSGSMenlo Park pushes
informationfrom thejoint notificationsystemto thetwo QDDShubs.In the long run, we intend
to modify the REDI systemso that it provides informationto onehub andthe USGSprovides
informationto theother. However, thismodificationrequiresrestructuringsomeaspectsof theway
REDI tracksinformation(essentially, theuseof versionnumbers)andweintendto implementthis
whenwe transitionto a databaseenvironment.

Database

With the recentdevelopmentsin the finite-fault processingand the plannedexpansionof the
ShakeMap computations,it hasbecomeclear that the currentuseof flat files in REDI for in-
formationflow is not adequateto meetfuture needs.We have beenconsideringtwo modelsfor
incorporatinga databasesystemin the REDI environment. The first is the databaseschemade-
velopedaspart of the NorthernCaliforniaEarthquake DataCenterin cooperationwith Caltech.
This databasehasbeenusedby Caltechandthe USGSin Pasadenain the TriNet realtimepro-
cessingsystemaswell asin the SCECDataCenterenvironment. In contrast,the USGSMenlo
Park hasbeenworking with theEarthworm databaseschema,focusingprimarily on the realtime
environment.

Wehavebegunexploring theissuesof interfacingonedatabaseschemato another. Theeffort to
incorporatea databasewithin theREDI softwareis expectedto bea majorprojectfor thecoming
year. We anticipatethis revision of theREDI softwarewill significantlyexpandandenhanceour
capabilities.

CISN

During thepastyear, we have workedtowardcoordinatingour earthquake monitoringactivities
with southernCaliforniaandon improving thecollaborationin northernCalifornia. Theseefforts
spantherangeof activitiesfromrealtimeearthquakeinformationtocataloggenerationto long-term
archiveanddistribution.

This effort to coordinateis in part an outgrowth from the interestof the Stateof California in
uniformearthquakereportingandin parta responseof thedevelopmentof theAdvancedNational
SeismicSystemor ANSS.As theANSSmovesforward,nationalearthquake monitoringwill be
coordinatedon a regionalbasis.Californiais evolving asoneof thoseregionsthroughthedevel-
opmentof theCaliforniaIntegratedSeismicNetwork (CISN).Participatingorganizationsarethe



Berkeley SeismologicalLaboratory, theCaltechSeismologicalLaboratory, theCaliforniaDivision
of MinesandGeology, theUSGSPasadena,andtheUSGSMenloPark.

In practicalterms,the developmentof the CISN is leadingto bettercoordinationamongthe
participatingagencies.Progressis beingmadein termsof sharingdataandsoftware. Oneof the
mostimportantcomponentsof theCISNis theStandardscommittee,whichmeetsmonthlyto work
on issuesof coordination.

SystemPerformance

From 07/01/1999through06/30/2000,the northernCalifornia joint notification systempro-
cessednearly10,000events.Approximately3,000of theseeventsweredistributedby theREDI
systemandjustover350qualifiedfor higher-level REDI processing(Figure5).

Most of the 10,000eventsweresmall to moderateearthquakesin northernCalifornia. In ad-
dition, the joint notificationsystemprocessedthe M7.1 HectorMine, M6.3 FurnaceCreek,and
M5.8 earthquakesin southernCalifornia,Nevada,andoffshoreof CapeMendocinorespectively.
Thelargestearthquake in theSanFranciscoBayAreawastheM4.8 earthquakenearBolinas.For
moredetailson thesystemperformance,thereaderis referredto theAnnualReportSummaryat

seismo.berkeley.edu/seismo/annualreport/ar9900.node12.html
whichdescribestheperformanceof thejoint notificationsystemin somedetail.As anexample,

however, wedescribetheperformancefor a recentevent.
TheSeptember3, 2000,Napaearthquake providesanotherrecentexampleof theperformance

of thejoint notificationsystem.This earthquake occurred5 km WSWof Yountville,CA, nearthe
NapaValley andapproximately5 km westof theWestNapafault. Althoughtheearthquake was
initially associatedwith theWestNapafault, it is now thoughtthatthatit is locatedonanunnamed
fault. It is not unusualfor earthquakesto occuronunnamedfaultsin California- for example,the
1983Coalingaand1994Northridgeevents. Therecenteventshowedthe right-lateralstrike-slip
motion,typicalof eventsin centralCalifornia.Althoughtherewereanumberof smallaftershocks,
very few havebeenovermagnitude2.5andhigher.

Themainshockoccurredat 08:36:30.09UTC (Figure6). TheREDI systemreceivedtheauto-
matichypocenterandcodamagnitudefrom Earlybirdat08:40:32.37(4 min and2.28seclater).At
approximatelythesametime,theUSGSMenloParkgeneratedautomatedpageswith thelocation
andcodamagnitudeto USGSandBSL staff andseveralclients. TheREDI �� calculationwas
completedjust 19.11seclaterat 08:40:51.48(4 min and21.39secaftertheearthquake occurred)
andtheML waspushedto Earlybird. At this point, theREDI systemdistributedthelocationand
localmagnitudeby pagerandemailto BSL andUSGSstaff andto a numberof clients.Whenthe
�� wasreceivedby Earlybird, it updatedthe informationon the WWW andnotified the USGS
recipientsby pagerof therevisedmagnitude.Thenext stageof REDI processingcomputespeak
groundmotionsandthis wascompletedat 08:41:15.85(4 min and45.76secaftertheearthquake
occurred).At theconclusionof this stage,pagesweredistributedby REDI anda file containing
estimatesof PGA, PGV, andPGDwaspushedto Menlo Park for usein the NorthernCalifornia
ShakeMaps.Thefinal stagein the”production”REDI processingis thedeterminationof theseis-
mic momenttensorandthis processingwascompletedat 08:45:12.35(8 min and42.26secafter
theevent),providing boththemomenttensorandthemomentmagnitude.

A coupleof additionalnotesarerequired.Overall, the joint notificationsystemperformedex-
tremelywell, deliveringrapidandreliableinformationabouttheearthquake’s locationandmagni-
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tude.TheREDI systemin Sacramento(Figure1) alsoperformedwell. This systemreceivesdata
from only 6 stationsof theBDSN andoperatesindependentlyof thetheBSL systemsin orderto
provideabackupsourceof earthquake information.Originally implementedasapilot project,the
systemprovidesasourceof informationif theBSL facilitiesatUC Berkeley arecompromiseddue
to a damagingearthquake. Thestand-aloneREDI systemobtaineda comparablelocation(within
4 km) andfault-planesolution(within a few degrees)for thejoint notificationsystem.

On theotherhand,therewereproblemsassociatedwith thegenerationof theShake Maps.The
REDIsystemhasbeenpushinggroundmotiondatatoMenloParksinceJan1,2000for eventsof M
3.5andhigher. At present,theBSL dataarenot automaticallyincludedin thenorthernCalifornia
Shake Maps- andthe BDSN datawerenot incorporateduntil late Sundaymorning. This is an
implementationissuewhichwill beresolvedsoon.

However, theeventhighlightsanumberof issuesrelatedto theintegrationof theUSGSandBSL
systemswhichneedto beaddressedin thefuture.
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NON-TECHNICAL ABSTRACT

This projectfocuseson thedevelopmentandimplementationof hardwareandsoftwarefor the
rapid assessmentof earthquakes. The Berkeley SeismologicalLaboratorycollaborateswith the
USGSMenloPark to monitorearthquakesin northernCaliforniaandto provide rapidnotification
to public andprivateagenciesfor rapid responseandassessmentof earthquake damage.In the
pastyearwe have addressedY2K issuesanddevelopednew softwarefor improvedestimatesof
earthquake sizeandfor the characterizationof earthquake ruptures. We have alsocollaborated
with otherorganizationsin northernCaliforniafor therapidassessmentof stronggroundshaking.
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DATA AVAILABILITY

Dataandresultsfrom theREDI projectareavailableat theNorthernCaliforniaEarthquakeData
Center(//www.quake.geo.berkeley.edu) For additionalinformationon the REDI project,contact
Lind Geeat510-643-9449or lind@seismo.berkeley.edu.


