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INVESTIGATIONS UNDERTAKEN

The RapidEarthqualk Datalntegration(REDI) Projectis a systemfor the automatedietermi-
nationof earthquak parametershasedon a sparseproadbanchetwork. We have implemented
this systemusingdatafrom the Berkeley Digital SeismicNetwork, focusingon local andregional
eventsin northernandcentralCalifornia. Programdevelopmentvasinitiatedin 1993anda proto-
type systembeganproviding automatidocationandmagnitudenformationin Novemberof 1993
usingcommerciapagersandtheInternet(Geeetal., 1996a).

In northernCalifornia,the BSL andthe USGSMenlo Park collaboratdo provide thetimely and
reliableearthquak informationto the federal,state,andlocal governmentsto public andprivate
agenciesandto the generalpublic. This joint earthquak notificationsystemprovidesenhanced
earthquak monitoringby building on the strength=f the NorthernCalifornia SeismicNetwork,
operatedy the USGSMenlo Park, andthe Berkeley Digital SeismicNetwork (BDSN), operated
by the UC Berkeley Seismologicalaboratory Over thelastyear the BSL hasfocusedits efforts
to expandthe capability of the REDI systemandenhancats reliability, including minor modifi-
cationsrequiredfor Y2K. The BSL hascompletedvork to incorporatethe finite-fault. estimation
procedure®f Dreger and Kaverina(1999)in the REDI systemand hasworked with the USGS
andCDMG towardtheimplementatiorof "Shake Maps”in the SanFranciscdBay Area.

Badground
Current Status

On April 18,1996,the BSL andthe USGSannouncedhe formationof ajoint notificationsys-
temfor northernandcentralCalifornia earthquaks(Geeet al., 1996b). The systemmeigesthe
programsin Menlo Park and Berkeley into a single earthquak notification system,combining
datafrom the NCSN andthe BDSN. On the USGSside, incominganalogdatafrom the NCSN
aredigitized, picked,andassociate@spartof the Earthworm system(Johnsonretal., 1995). Pre-
liminary locations,basedon phasepicks from the NCSN, areavailablewithin secondsbasedon
theassociatiorof afew arrivals, while final locationsandpreliminarycodamagnitudesreavail-



ablewithin 2-4 minutes.Earthworm reportsevents- boththe”quick-look” 25 stationhypocenters
(withoutmagnitudesandthemorefinal solutiongwith magnitudesjo theEarlybirdalarmmodule
in Menlo Park. This systemsendshe Hypoinversearchie file to the BSL for additionalprocess-
ing, generatepagesto USGSandUC Berkeley personneland updateghe northernCalifornia
earthquak WWW sener.
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Figurel: Schematiadiagramillustratingtheconnectvity betweerthereal-timeprocessingystemsattheUSGSMenlo
ParkandUC Berkeley. Thecombinedsystenformsthejoint earthquaknotificationprojectin NorthernCalifornia. In
additionto the joint systemcomponentsthe BSL operates "stand-alone’REDI systemat UC Berkeley (to provide
eventinformationif the communicatiorink betweerBerkeley andMenlo Park is severed)andat SacramentoThe
Sacramentaystemis a pilot projectto provide earthquak informationto OESin caseof a damagingBay Area
earthquak.

OntheUC Berkeley side,theHypoinversearchiefile is usedto drive the REDI processingys-
tem. Thisis amodificationof the original REDI designwhich identifiedandlocatedeventsusing
raw phasedatafrom the BDSN andNCSN (Geeet al., 1996a).In the revisedREDI processing,
themagnitudeof eachhypocenters assessedf thecodamagnitudds greateithanor equalto 3.0,
waveformsfrom the BDSN areanalyzedo estimatdocal magnitude Onceanupdatedmagnitude
is obtained the eventinformationis pagedto USGSandUC Berkeley personnelnotificationis
sentto emegeny responseagenciesandthe revised magnitudeis transmittedto the Earlybird
systemin Menlo Park. The earthquak is thenevaluatedfor the next level of REDI processing.
If thelocal magnitudes greaterthan 3.5, waveformsfrom the BDSN strong-motioninstruments
areanalyzedo determingeakgroundaccelerationyelocity, anddisplacemenandto estimatehe
durationof strongshaking.Whenthe strong-groundanotion processings complete thesevalues
aredistributedby email and pagerandthe eventis scheduledor momenttensorestimation. In
this stageof REDI processingboth the waveform modelingmethodof Dreger and Romanowicz



Stage| Qualification Processing
1 All events Location
2 M > 3.0 | LocalmagnitudeEnegy magnitude
3 M > 3.5 Peakgroundmotion
4 M > 3.5 Momenttensor
5 M>6.0 Line sourcefinite fault
6 M > 6.0 2D finite fault

Tablel: CurrentREDI processingtages.Thelocationproceduresn Stagel areskippedin normaloperationof the
joint system but are utilized if problemspreventthe flow of hypocenteiinformationfrom the USGS.Theitemsin
italics arerecentextensiongo the REDI system.

(1994) andthe surfacewave inversiontechniqueof Romanowiczt al. (1993)arerun for every
qualifying event(earthquakswith A}, greaterthan3.5). Eachalgorithmproducesan estimateof
the seismicmoment,the momenttensorsolution, the centroiddepth,and solutionquality. The
REDI systemusesthe individual solution qualitiesto computea weightedaverageof moment
magnitudeto comparehe mechanismsisingnormalizedroot-mean-squaref the momenttensor
elementgPasyanostal., 1996),andto determinea "total” mechanisnguality.

At presentiwo Earthworm-Earlybirdsystemsn Menlo Park feedtwo REDI processingystems
atUC Berkeley (Figurel). Oneof thesesystemss theproductionor pagingsystemtheotheris set
upasahotbackup.Thesecondystemnis frequentlyusedio testnew softwaredevelopmentdefore
migratingthemto theproductionervironment.In addition,the BSL operates third systemwhich
usesBDSN picks to form an independentist of associateavents. This third systemprovides
redundanyg in casethe communicatiorlinks with the USGSMenlo Park aredisrupted.A fourth
systemis installedin Sacramentan orderto provide aredundannotificationfacility outsideof the
Bay Area.

Earthquak informationfrom the joint notification systemis distributedby pager e-mail, and
the WWW. Thefirst two mechanism&push” theinformationto recipientswhile the currentWeb
interfacerequiresnterestegartiesto actively seektheinformation. Consequentlypagingand,to
alesserextent,e-mailarethepreferrednethodgor emegeng responsaotification. TheNorthern
CaliforniaWebsitehasenjoyedenormougopularitysinceits introductionandprovidesavaluable
resourcefor informationwhosebandwidthexceedghe limits of wirelesssystemsandfor access
to informationwhichis usefulnot only in the secondsmmediatelyafteranearthquak, but in the
following hoursanddaysaswell.

RESULTS

New developments
Year 2000 compliance

The REDI systemdid not experienceary major problemsdueto Y2K issues. Modifications
to the Earthworm component®f the REDI systemhadbeenimplementecandthoroughlytested
by theendof theyear Only smallchangesvererequiredin the REDI software,primarily in the



momenttensorcodes. One small bug slippedthroughthe cracks,andturnedup during the first
eventwhich qualifiedfor momenttensorprocessingn 2000. This bug wasquickly identifiedand
fixed.

Comserv

The BSL usesthe conser v programfor centraldataacquisition,which was developedby
Quanterra. The conser v programreceves datafrom a remoteQuanterradataloggerandre-
distributesthe datato oneor morecomserwclient programs.The comservclientsusedby REDI
includedat al og, which writes the datato disk files for archval purposescdafi | | , which
writes the datato the sharedmemoryregion for REDI analysis,and other programssuchasthe
seismicalarmprocessthe DAC480systemandthefeedfor theMomentoMori Webpage(Figure
2).

The two computerghat perform dataacquisitionalso serne as REDI processingsystems. In
orderto facilitate REDI processingeachsystemmaintainsa sharednemoryregion thatcontains
themostrecent30 minutesof datafor eachchannelusedby the REDI analysissystem.All REDI
analysisroutinesfirst attemptto usedatain the sharedmemoryregion, andwill only revert to
retrieving datafrom disk files if therequestedlatais unavailablein the sharedmemoryregion.

Most BDSN andHFN stationstransmitdatato only oneor the otherof thetwo REDI systems.
In earliersystemconfigurationseachstationwould transmitdatato oneof thetwo systemswhich
wouldwrite thedatato local diskfiles, copy thedatain its own sharednemoryregion, andtransmit
the datavia a soclet to the other system$ sharedmemoryregion. EachREDI systems shared
memoryregion containeddatafrom all stations,but eachcomputers filesystemcontaineddata
from only one half of the network. The REDI systemsusethe Network File System(NFS) to
accessemotefiles thatresideon othercomputersif a REDI analysisprogramrequireddatathat
wasnotin thesharednemoryregion, it would attemptto retrieve thedatafrom thedisk files from
both REDI computers.If oneof thetwo REDI computersvasunavailable,this could causethe
REDI processindo hangwaiting for accesgo the othercomputersfiles.

During the pastyear we revisedour dataacquisitionprocedurdo usetwo programsdeveloped
at Caltech. The comservclient programcs2mrecevesdatafrom a comservand multicaststhe
dataover a privateethernet.The programntast , a modifiedversionof Quanterras conser v
program,recevesthe multicastdatafrom cs2m andprovidesa comserv-like interfaceto local
comsenwlients. This allows eachREDI systento have acomservsenerfor every BDSN station.
We addedadditionaldisk spaceo bothof theREDI computersothatwe usedat al og towrite a
copy of datato eachcomputersfilesystem.We reconfiguredhe REDI computergo only retrieve
datafrom their own filesystemstherebypreventinga lossof one REDI computerfrom possibly
hangingthe otherREDI computers processing.

We extendedthe multicastingapproactio handledatarecevedfrom othernetworks suchasthe
NCSN andUNR. Thesedataarereceved by Earthworm dataexchangeprograms,andarethen
convertedto MiniSEED andmulticastin the samemannerasthe BDSN data. We usenser v on
both REDI computerdgo receve the multicastdata,and handleit in anidenticalfashionto the
BDSN MiniSEED data.
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Figure 2: Dataflov in the REDI processingervironment,shaving waveform datacomingin from the Quanterra
datalogger¢Q) intoconser v. Fromcomserydataareloggedto disk (viadat al 0g), distributedto othercomputers
(mser v), fedinto the CDA for REDI processingandspoolednto atraceringfor export.



Three-Component Picker

In thelastyear we have workedto stabilizethe picker for anoperationakrvironment. This has
includednumerousoug fixesanddevelopmentof error handlingconditions(for example,how to
treattelemetryoutages).The codehasbeenputinto a softwaredistribution packageandis ready
to be exportedto potentialusers.

At presentthe picker is runningon a testsystem,feedinga stand-aloneREDI system. Our
remainingeffort is focusingon testingthe picker in conjunctionwith the associatar This work
is beingdonein real time and by running historical eventsthroughan off-line version. We are
alsoworking ontheissueof phasadentificationandupgradingheassociatoto take advantageof
azimuthandphasdd.

As anillustration, we shawv the resultsfor the M4.8 earthquak nearBolinas. Figure3 shows
threesetsof Ptravel-timeresidualdor ahumanthepicker, andthe Murdock-Hutt(MHH) detector
computedrom the BSL catalogreadingsPicksfrom theBH, HH, andHL channelsareincluded.
The scattershawn in the threeplotsis similar (aroundl to 1.5 sec),althoughthe distribution of
MHH is morecompact.The scattelin the analysts’picksis somavhatsurprising,but is primarily
limited to the BH picks (HH andHL picks shawv betteragreement) As this eventillustrates,the
picker is performingreasonablyvell, althoughit seemgo pick slightly laterthaneitherthe MHH
or the analyst. The tendeng to pick later is correlatedwith distance,as arrivals becomemore
emegent. The picker, which wastunedon BH data,behaesmorereliably on the BH andHH
channelghanon the HL channels.At neardistancego an event, betterpicks are obtainedfrom
theHH dataasthe highersamplingratereducegproblemsassociateavith theacausaFIR filters.

Thepicker canidentify S aswell asP arrivals,althoughit hassomedifficulty at shortdistances.

Figure4 illustrateshow the associatioralgorithm performswith outputfrom the picker. The
locationscomputedfrom the BH (downward triangle), HH (upward triangle),and HL (square)
areshawn, in comparisorwith thelocationfrom the BSL catalog.The BH andHH locationsare
within a few km of the cataloglocation,while the HL locationis shiftedto the west. The picker
madefewer detectiononthe HL data,which reducedhe quality of thelocation.

Finite-Fault Parameterization

Overthelastyear we have expandedhe REDI processingrvironmentto includetheestimation
of finite-fault parametersT his approachs basedntheuseof theoreticalGreens functionsandis
an extensionof thefinite-sourcenversionsthatarecommonlyperformedon local strong-motion
data(for example,Wald et al. (1996)andCoheeand Beroza(1994)). Using a pre-computedet
of Greensfunctionsfor anappropriatel-D velocity model,it is possibleto consideranarbitrarily
orientedsourceusing parameterebtainedfrom the automatednomenttensoranalysisanda di-
rectivity modelof an expandingcircular rupturewith a constantupturevelocity anddislocation
risetime.

Basedon the developmentof Kaverinaet al. (1997) and Dreger and Kaverina (1999), we
have implementedhe finite-fault estimationproceduren two REDI stages.In stage5, BDSN
broadban@ndstrong-motiorwaveformdataarepreparedor inversionandroughestimate®f the
fault dimensionsarederived usingthe empirical scalingrelationshipsof Wells and Coppesmith
(1994). Using theseparameterso constrainthe overall dimensionsof the extendedsource the
procesgeststhetwo possiblefault planegdeterminedn stage4) overarangeof rupturevelocities
by performinga seriesof inversionsusingaline-sourcerepresentation.
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Figure3: Distribution of P travel-time residualdfor an analyst,the picker, andthe MHH detector Theresidualsor
BH, HH, andHL channelsarecomputedirom the phasereadingsrom the BSL catalog(typically madeon the HH
datastream).
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Figure4: Map comparingthe differentlocationsobtainedfrom combiningthe picker with the associatorThe staris

thelocationfrom the BSL catalog.The downwardtriangleis the locationbasecn the BH picks,the upwardtriangle
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theBSL cataloglocationandthe BH andHH picksareonly afew km. TheHL locationis shiftedsignificantlywest.

Each line-sourcecomputationis quite rapid. Calculationsfor the 1992 Landersand 1994
Northridge earthquaks requiredapproximately3.5 minutesto test 7 rupturevelocitiesfor the
two differentplanes(Dreger and Kavering 1999). In testsbasedon the LandersandNorthridge
earthquaks,thefault planewasclearly definedby the variancereductionfrom theline-sourcdn-
versions.In additionto theidentificationof thefault planeandapparentupturevelocity, this stage
yieldspreliminaryestimate®f therupturelength,dislocationrisetime, andthedistribution of slip
in onedimension.

The secondcomponenbf the finite-fault parameterizatiomsesthe best-fittingfault planeand
rupturevelocity from Stage5 to obtaina morerefinedimageof the fault slip througha full two-
dimensionalnversion.If Stageb failsto identify the probablefault (dueto insufficient separation
in variancereduction),Stage6 computeghe full inversionfor both fault planes. In the present
implementationthe full inversionrequiresan additional20-30minutesper plane,dependingon
theresolution,ona SunUIltraSFARC1/200e.

This extensionof REDI processings runningon a developmentsystemat the BSL, whereit is
beingtested.We anticipatemigratingthesemodulesto the productionsystemsn thefall of 2000.
At the time of the 1999 Hector Mine earthquak, the REDI implementationvas not complete.
However, theapproactwastestedusingseveralregional-distancstationsrom TriNet. Dreger and
Kaverina(2000)first usedthe line-sourcanversionto identify the causatre fault planeandthen
obtainedthe distribution of slip on the NW-trendingplaneusingthe best-fittingrupturevelocity.
Theimageof thefinite ruptureobtainedby this procedureagreedwell with aftershockocations
andobsenedsurfacerupture.



Shake M aps

Duringthe pastyear the USGSMenlo Parkimplementedrersionl.0 of the ShaleMapsoftware
for northernCalifornia earthquaks (Boatwrightet al., 1999). This software packagedeveloped
aspartof the TriNet projectin southernCalifornia(Wald etal., 1999),combinesobseredvalues
of groundmotionwith predictedvalues(primarily basedn attenuatiorrelations)in orderprovide
mapsof strongshaking. During the pastyear we implementedsoftwareto pushgroundmotion
datafrom the BDSN to the USGSfor usein ShaleMaps. The northernCaliforniamapscombine
datafrom the primaryearthqua& monitoringagenciegUSGS,CDMG, BSL) with othersource®f
strongmotiondata(suchasPG&E) in orderto provide the mostcompleteview of groundmotion
following anevent.

Thefirst "official” northernCaliforniaShalkeMapwasproducedor the August18, 1999, earth-
guale nearBolinas,California(seediscussiorbelow). As presentlyimplementedthe REDI sys-
tem pushegyroundmotion datato the ShaleMap systemin Menlo Park for eventsof M3.5 and
higheratthe completionof the stage2 processing.

TheUSGSMenloParkis currentlytestingShaleMapversion2.0,which providesimprovedcor-
rectionsfor geologyandgreatefflexibility for differentattenuatiorcorrectionsandothersources
of predictedgroundmotions.Onceversion2.0is implementedn Menlo Park, we intendto install
the ShaleMapcodesaspartof the REDI systematthe BSL.

Data exchange

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

We have recentlycompletedanagreementvith the University of Nevada,Reno,to enhancehe
earthquak monitoringcapabilitiesin northernCaliforniaandNevada. As partof this agreement,
we agreedo exchangewaveformdata. At the presentthree-componerdatafrom CMB, WDC,
MOD, andORV andvertical componentatafrom YBH, ARC, HOPS,WENL, SAO, andKCC
arebeingsentto UNR. In exchangetheBSL is receving three-componermtatafrom BEK, OMM,
PAH, andWCN. In addition,UNR is forwardingdatafrom the NSN stationsWVOR, MNV, DAC,
andELK. TheUNR sensorareGuralp40Tsandthesestationswill enhancéhe REDI capabilities
in easterrCaliforniaandwesternNevada.

The UNR dataexchanges implementedusingthe Earthworm import/export mechanismover
thelnternet.Thisis the sameprotocolwe usefor waveformexchangewith the USGSMenlo Park.
Figure2 illustratesthe currentdataflav in the REDI ervironment.Datafor export via Earthworm
is fedinto the TraceRing, usinga comsenclient. An Earthworm export procesgicksdataof the
ring andtransmitgt to the UNR clientanda separatg@rocessioesthe samefor the USGSMenlo
Park client. Dataimportedvia Earthworm is broughtinto the TraceinRing. A modulecorverts
from Earthworm to MiniSEED paclets (ew2m) andthe datais distributedto the two acquisition
systemsEachacquisitionsystentlogs” thedatausingmserv

Theexchangewith UNR hasjustgottenoff theground.Basedontheexperienceof afew weeks,
it seemsasif therearea numberof issueswith reliability. We do not seeasmary problemswith
the Earthworm feedto Menlo Park, which may be attributedto the robustnesof the frame-relay
connectionasopposedo the Internetconnectiorwith UNR). We will be exploring otheroptions
in thecomingmonths.



In additionto the exchangewith UNR, the BSL exchangesvaveform datawith UCSD via a
publicdomainOrh. We arecurrentlyworking outthe detailsof anexchangewith Caltech.

In the comingyear we anticipateimproving our capabilitieswithin the network by expanding
our dataexchangewith the USGSMenlo Park.

QDDS

We installedthe "Quake DataDelivery Service”or QDDS softwareat the BSL in the lastyear
Thissoftwarewasdevelopedby the USGSto allow for theexchangeof parametriearthquakdata,
suchaslocationsandmagnitudesQDDS providesthe earthquak informationfor the "recenteqs”
mapsaswell asfor otherapplications.We arecurrentlyrunningQDDS andthe "recenteqs’soft-
ware.

At presentthe REDI systemis not contributing datato QDDS. The USGSMenlo Park pushes
informationfrom the joint notificationsystemto thetwo QDDS hubs. In thelong run, we intend
to modify the REDI systemso that it providesinformationto one hub andthe USGSprovides
informationto theother However, this modificationrequiregestructuringgomeaspect®f theway
REDI tracksinformation(essentiallythe useof versionnumberspndwe intendto implementhis
whenwe transitionto a databaservironment.

Database

With the recentdevelopmentsn the finite-fault processingand the plannedexpansionof the
ShaleMap computationsjt hasbecomeclearthat the currentuse of flat files in REDI for in-
formationflow is not adequate¢o meetfuture needs.We have beenconsideringgwo modelsfor
incorporatinga databaseystemin the REDI ervironment. Thefirst is the databaseschemade-
velopedaspart of the NorthernCalifornia Earthquak Data Centerin cooperatiorwith Caltech.
This databasdnasbeenusedby Caltechandthe USGSin Pasadenan the TriNet realtimepro-
cessingsystemaswell asin the SCECDataCenterervironment. In contrast,the USGSMenlo
Park hasbeenworking with the Earthworm databasechemafocusingprimarily on the realtime
ervironment.

We have begunexploring theissuesf interfacingonedatabasschemao another Theeffort to
incorporatea databasevithin the REDI softwareis expectedto be a major projectfor the coming
year We anticipatethis revision of the REDI softwarewill significantlyexpandandenhanceour
capabilities.

CISN

During the pastyear we have worked toward coordinatingour earthquak monitoringactvities
with southernCaliforniaandonimproving the collaborationin northernCalifornia. Theseefforts
spantherangeof actvitiesfrom realtimeearthqua&informationto cataloggeneratiorio long-term
archive anddistribution.

This effort to coordinates in partan outgravth from the interestof the Stateof Californiain
uniform earthquak reportingandin partaresponsef thedevelopmenbf the Advanced\ational
SeismicSystemor ANSS. As the ANSS movesforward, nationalearthquak monitoringwill be
coordinatedn a regional basis. Californiais evolving asoneof thoseregionsthroughthe devel-
opmentof the CalifornialntegratedSeismicNetwork (CISN). Participatingorganizationsarethe



Berkeley SeismologicalLaboratorythe CaltechSeismologicalLaboratorythe CaliforniaDivision
of MinesandGeology the USGSPasadenaandthe USGSMenlo Park.

In practicalterms,the developmentof the CISN is leadingto bettercoordinationamongthe
participatingagencies Progresss beingmadein termsof sharingdataandsoftware. Oneof the
mostimportantcomponentsf the CISNis the Standardsommitteewhich meetamonthlyto work
onissuef coordination.

SystenPerformance

From 07/01/1999through 06/30/2000,the northernCalifornia joint notification systempro-
cessedearly10,000events. Approximately3,0000f theseeventsweredistributedby the REDI
systemandjust over 350 qualifiedfor higherlevel REDI processingFigure5).

Most of the 10,000eventswere small to moderatesarthquaksin northernCalifornia. In ad-
dition, the joint notificationsystemprocessedhe M7.1 Hector Mine, M6.3 FurnaceCreek,and
M5.8 earthquaksin southernCalifornia, Nevada,andoffshoreof CapeMendocinorespectiely.
Thelargestearthquak in the SanFranciscdBay Areawasthe M4.8 earthquak nearBolinas. For
moredetailson the systemperformancethereadetis referredto the AnnualReportSummaryat

seismo.bemrdey.edu/seismo/annuakport/ar9900.nodel2.html

which describeshe performancef thejoint notificationsystemn somedetail. As anexample,
however, we describehe performancdor arecentevent.

The SeptembeB, 2000,Napaearthquak providesanothemrecentexampleof the performance
of thejoint notificationsystem.This earthqua& occurreds km WSW of Yountville, CA, nearthe
NapaValley andapproximatelys km westof the WestNapafault. Althoughthe earthquak was
initially associatewvith theWestNapafault, it is now thoughtthatthatit is locatedonanunnamed
fault. It is notunusualor earthquaksto occuron unnamedaultsin California- for example the
1983 Coalingaand 1994 Northridgeevents. Therecentevent shovedthe right-lateralstrike-slip
motion,typical of eventsin centralCalifornia. Althoughtherewereanumberof smallaftershocks,
veryfew have beenover magnitude2.5andhigher

Themainshockoccurredat 08:36:30.090UTC (Figure6). The REDI systemrecevedthe auto-
matichypocenteandcodamagnitudeérom Earlybirdat08:40:32.374 min and2.28seclater). At
approximatelythe sametime, the USGSMenlo Park generatedutomategageswith thelocation
andcodamagnitudeto USGSandBSL staf andseveralclients. The REDI M, calculationwas
completedust 19.11seclaterat 08:40:51.484 min and21.39secafterthe earthquak occurred)
andthe ML waspushedo Earlybird. At this point, the REDI systemdistributedthe locationand
local magnitudeby pagerandemailto BSL andUSGSstaf andto a numberof clients. Whenthe
M;, wasreceved by Earlybird, it updatedthe informationon the WWW andnotified the USGS
recipientsby pagerof the revisedmagnitude.The next stageof REDI processingomputegpeak
groundmotionsandthis wascompletedat 08:41:15.854 min and45.76secafterthe earthquak
occurred).At the conclusionof this stage pagesweredistributedby REDI anda file containing
estimatef PGA, PGV, and PGD was pushedo Menlo Park for usein the NorthernCalifornia
Shale Maps. Thefinal stagen the”production” REDI processings the determinatiorof the seis-
mic momenttensorandthis processingvascompletecdat 08:45:12.358 min and42.26secafter
theevent),providing boththe momenttensorandthe momentmagnitude.

A coupleof additionalnotesarerequired. Overall, the joint notificationsystemperformedex-
tremelywell, deliveringrapidandreliableinformationaboutthe earthquak’s locationandmagni-
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Napa Earthquake Chronology
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Figure6: lllustrationof thetiming associateavith processindor the 9/3/2000Napaearthquak. Theleft sideof the
time line indicatesoperationahctivities; theright sideindicatesnotificationactuities.



tude. The REDI systemin SacramentgFigurel) alsoperformedwell. This systenrecevesdata
from only 6 stationsof the BDSN andoperatesndependentiyof thethe BSL systemsn orderto
provide abackupsourceof earthquak information.Originally implementedasa pilot project,the
systenmprovidesa sourceof informationif the BSL facilitiesat UC Berkeley arecompromisediue
to adamagingearthquak. The stand-alondREDI systemobtaineda comparabldocation(within
4 km) andfault-planesolution(within afew degreesXor thejoint notificationsystem.

Ontheotherhand,therewereproblemsassociatedavith the generatiorof the Shale Maps. The
REDI systemhasbeenpushinggroundmotiondatato Menlo ParksinceJanl, 2000for eventsof M
3.5andhigher At presentthe BSL dataarenotautomaticallyincludedin the northernCalifornia
Shale Maps- andthe BDSN datawere not incorporateduntil late Sundaymorning. Thisis an
implementationssuewhichwill beresohedsoon.

However, theeventhighlightsanumberof issuegelatedto theintegrationof theUSGSandBSL
systemsvhich needto beaddresseth thefuture.
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NON-TECHNICAL ABSTRACT

This projectfocuseson the developmentandimplementatiorof hardware andsoftwarefor the
rapid assessmerdf earthquaks. The Berkeley Seismological.aboratorycollaborateswith the
USGSMenlo Park to monitorearthquaksin northernCaliforniaandto provide rapidnotification
to public and private agenciedor rapid responseand assessmertf earthquak damage.In the
pastyearwe have addresse® 2K issuesanddevelopednew softwarefor improved estimateof
earthquak size andfor the characterizatiorof earthquak ruptures. We have also collaborated
with otherorganizationsn northernCaliforniafor therapidassessmermtf stronggroundshaking.
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