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INVESTIGATIONS UNDERTAKEN

Geodetioneasurementshow thatcrustaldeformationn the SanFranciscdBay areavariesboth
in spaceandtime. Much of thisdeformationis dueto strainaccumulatiorandreleasalongthe San
Andreasoneof the mostseismicallyhazardougault systemsn theU.S. To betterunderstandhe
distribution andrateof loadingof its individual faults,andthetiming andhazardgosedby future
earthquaks,our collaboratve groupinstalledandmaintainsthe Bay Area Regional Deformation
(BARD) network of Global PositioningSystem(GPS)permanenstations.This network provides
continuous nearreal-timemonitoringof crustaldeformationin the Bay Area andnorthernCali-
fornia(Murrayetal.,1998a).It is acooperatie effort of the Berkeley Seismological.aboratoryat
UC Berkeley (BSL), the US GeologicalSuney (USGS),andseveralotheracademiccommercial,
andgovernmentalnstitutions.Startedoy the USGSin 1991with 2 stationsspanninghe Hayward
fault (King etal., 1995),BARD now includes40 permanenstationsandwill expandto about50
stationsin 2000(Figurel). Theseinclude 18 maintainedby the BSL (including two with equip-
mentprovidedby LawrencelLivermoreNationalLaboratory(LLNL), andthe SatlocCorporation),
10 by the USGS,2 by Trimble Navigation,andoneeachby LLNL, StanfordUniversity, andUC
Davis. Other stationsare maintainedby institutionsoutsideof northernCalifornia, suchasthe
NationalGeodeticSurwey, the JetPropulsionLaboratory andthe Scrippsinstitution of Oceanog-
raphy aspartof larger networks devotedto real-timenavigation, orbit determinationandcrustal
deformation.

During fiscal year1998-99 the Berkeley Seismologicalaboratory(BSL) installed3 new sta-
tionsandcorverted2 otherstationsto continuousoperationaimode,all locatedin the Bay Area.
We performedsignificantupgradeson all existing stations,including firmware upgradeso make
the receversY2K and GPSweekrollover compliant,andinstalledantennaadaptersanddomes
at moststationsto provide greaterprotectionand uniformity to the network. We have prepared
mary stationsto transmitthe datathroughcollocatedseismicdataloggergor morerobust real-
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Figurel: Operationalredtriangles)andplanned(blue triangles)BARD stationsin northernCalifornia (top) andin
the SanFranciscdBay area(bottom). The obliqueMercatorprojectionis aboutthe NUVEL-1 Pacific—NorthAmerica
Euler pole sothat expectedrelative plate motionis parallelto the horizontal. Circled stations(will) usecontinuous
telemetry TheeightstationLong Valley Caldera(LVC) network is shavn with unlabelledredtriangles.Othernearby
networks (yellow triangles)include: NorthernBasin and Range(NBAR), and SouthernCalifornia IntegratedGPS
Network (SCIGN).



time telemetry We have helpedto develop databaseschemaandfile formatsfor the UNAVCO-
sponsore@PSSeamles#rchive Centergroject,whichwill provide aneasiermorereliable,and
moreuniform methodto retrieve datafrom a distributedsystemof archves,includingthe NCEDC
archive maintainedoy the BSL. We have testedan experimentalsingle-frequeng recever devel-
opedby UNAVCO to improve our monitoring capabilityin the vicinity of hazardougaults. We
determined self-consistentieformationfield for northernCaliforniaand Nevadathat shavs ex-
tensionacrossthe Basinand RangeProvince, a relatively stableSierran-GreaValley block, and
right-lateralshearacrossthe San Andreasfault systemaccommodatingabout35 mm/yr of the
Pacific-NorthAmericarelative platemotion. We alsodetectedransientdeformationat onestation
associatedavith the August1998M=5.1 SanJuanBautistaearthquak.

RESULTS

Ste Installations

During fiscalyear1998—-9%hreenev BARD stationswverepermitted designedconstructecnd
equippedwith AshtechZ-12 recevershby the BSL staf. StationMONB is locatedon Monument
Peakin the MissionHills, eastof SanJose|n atectonicallycomplicatedegion nearthe intersec-
tion of the CalaverasandsoutherrHaywardfaultswherethe seismicityappearso stepover along
the Mission fault. StationPTRB is locatednearthe historic lighthousein the Point Reyes Na-
tional Seashoreat the westernmospoint of landin thenorth Bay Area. Midway betweerthe San
Andreasfault (SAF) andthe Farallonlslands,it will provide valuableconstrainton deformation
westof the SAF. StationPOTB is locatedat the PotreroHills-OEA Aerospacdnc. facility near
Fairfield, just westof the CentralValley. Thesiteis collocatedwith BDSN seismicinstruments,
allowing bothinstrumentgo sharethe samepower andtelemetrysubsystems.

The BSL staf alsoperformedsignificantmodificationsto two stationsto corvertthemto con-
tinuousoperations StationsLUTZ andSODB, bothin SantaClaracountyin the southBay Area,
formerly usedTrimble recevers operatedntermittently by UC Davis dependingon their avail-
ability. In early1999,the BSL assumedesponsibilityfor these2 stationsjnstalledAshtechz-12
recevers,andmadethe powerandtelemetrysystemsonsistentvith thestandardSL stationcon-
figuration. Both sitesarelocatedin atectonicallycomplec region betweerthe SAF andCalaveras
faultwheretransiendeformatiorhasbeenobsenredin thepast,particularlyin theaftermathof the
1989LomaPrietaearthquak (Burgmannetal., 1997).

Eachof thesenew stationsconformsas muchaspossibleto the standardstationconfiguration
developedby the BSL. They usea low-multipathchoke-ring antennatypically mountedto a re-
inforced concretepillar approximately0.5-1.0meterabove local groundlevel. If possible,the
reinforcingsteelbarsof the pillar aredrilled andcementednto rock outcropto improvelong-term
monumenstability. Low-lossantennaablesareusedio minimizesignaldegradatioronthelonger
cablesetupsthat normally would requiresignalamplification. Continuoustelemetryis provided
by a combinationof radio modemor frame-relaytechnologies.Low-voltagecutoff devicesare
installedto improve recever performancedollowing power outages.The AshtechZ-12 recevers
areprogrammedo recorddataonceevery 30 secondspbservingup to 12 satellitessimultaneously
atelevationsdown to the horizon.

During 1997-99BSL staf installeda reinforcedconcretemonumentat the Site 300 explosion
testingfacility (S300, Figure 1) of the LawrenceLivermoreNational Laboratory and worked



closelywith LLNL andTrimble representatiesto designa multi-purposesystem,maintainedoy

LLNL, thatbecamdully operationaln April 1999.This systemalsoprovidesreal-timekinematic
suneying (cm-level) anddifferentialpositioning(meterlevel) capabilities Becausét is locatedat
oneof the easternmossitesin the Diablo Range,it will provide valuableconstrainton the total

deformationaccommodatetetweenthe SierraNevadarangeandthe SanAndreasfault system.
Installationsarealsocurrentlybeingpermittedandpreparedat severalothersites,including Barn-
abePeak(BRNB), just eastof the SAF in the northBay Area, in the Modoc plateau(MODB) in

thenortheastornerof California,andtwo stationg COYB andSUNB) thatwill becollocatedwith

USGShboreholestrainmeterslongthe southerrHaywardfault.

Ste Upgrades

The BSL staf performedsignificantmodificationsto nearly all the other BSL stations. The
firmwareon every Ashtechrecever wasupgradedo a versioncompatiblewith both 4-digit year
numbers,in anticipationof the year 2000 (Y2K), and with the GPSWeekRollover. The GPS
satelliteskeeptime in weeksand secondf week, beginning on Sunday January6, 1980. On
August22, 1999, the week numberchangedrom 1023 to 0000 internally on the satellitesdue
to memorybit limitations. The recever firmware was modified to maintaincontinuity of week
numberaftertherollover. Noneof the BSL receverswereadwerselyaffectedby theseproblems.

The BSL staf alsoinstalledantennadomesat mary of the stations. We purchasedSCIGN-
designechemisphericalomesusingfederal(USGS)funding. Domescover the antennago pro-
vide securityandprotectionfrom the weatherandothernaturalphenomenonPreviously the BSL
stationshad a mixture of dometypesor noneat all, addinga potentialnon-uniformityto signal
delaysandantennghasepatterns.Thenew SCIGN domeis designedor the Dorne-Magolin an-
tennasandminimizesdifferentialradiopropagatiordelaysby beinghemisphericahboutthephase
centeranduniformin thicknessatthe 0.1 mm level. It is alsovery resistanto damageand,in its
long form in combinationwith the SCIGN-designedntennaadapter can completelycover the
domeandcableconnectiongor addedprotection.Tall domesandadaptersvereinstalledat5 sta-
tionsthatrequirethe mostsecuritydueto public accessibility:DIAB, MUSB, PTRB,SAOB, and
YBHB. Shortdomeswereinstalledat 7 lessaccessibletations:HOPB,LUTZ, MHCB, MONB,
PKDB, POTB, andSODB.

Additional modificationsveremadeto a numberof theexisting stationgo make themconsistent
with the standardBSL stationconfiguration.Low-voltagecutoff devices,which improve system
performancdollowing power outagesyvereinstalledat 6 stations:BRIB, MHCB, PKDB, SAOB,
SUTB, andTIBB. Lightning protectorsvereinstalledon short-hauimodemcablesat CMBB and
SAOB. TheBSL staf alsohelpedto installadirectserialconnectiorto a UNIX workstationatthe
UCD1 stationmaintainedoy UC Davis. The new telemetrypathallows automatedtp retrieval of
the datain nearrealtime,dramaticallyimproving on the previous intermittentmanualdownload
method.

Continuous Telemetry

The BSL currently maintainsand retrieves datafrom 18 AshtechZ-12 recevers. Datafrom
all stationsarecollectedat 30-secondntervals, transmittedcontinuouslyover serialconnections,
collectedinto 24-hourraw serialfiles andprocessedlaily. The serialconnectiongo 12 sitesuse
framerelaytechnologyonesite(TIBB) hasadirectradiolink to Berkeley andseveralsites(FARB,



MUSB, PTRB, SODB,andSUTB) usea combinationof radio andframe-relaytechnologiesWe
have developedsoftwareto interpretand collect the raw serial outputinto hourly files, which is
thencornvertedto the standardnterchangdRINEX formatusingthe TEQC softwaredevelopedby
UNAVCO.

Ten currentGPSstationsare collocatedwith broadbandseismometerand Quanterradatacol-
lectors.With the supportof IRIS we have developedsoftwarethatwill allow continuousGPSdata
to be storedon andretrieved from the QuanterradataloggergPerinet al., 1998). This approach
preseresGPSdataduringtelemetryoutagesandwill beusedatall the collocatedstationsaftera
new versionof the Quanterrasystemsoftwareis installedthis Fall. In anticipation we have estab-
lishedandtestedserialconnectionbetweerthe GPSreceversanddataloggersit six sites:FARB,
HOPB,MHCB, PKDB, POTB, andYBHB.

Data Archival and Distribution

Rav andRINEX datafiles from the 18 BSL stationsandthe otherstationsrun by BARD col-
laboratorsarearchived at the BSL/USGSNorthernCalifornia Earthquak DataCenter(NCEDC)
dataarchive maintainedat the BSL (Romanavicz et al., 1994). The dataare checled to ver-
ify their integrity, quality, completenessand conformanceo the RINEX standardandarethen
madeaccessibleusually within 2 hoursof collection,to all BARD participantsand othermem-
bersof the GPS communitythrough Internet, both by anorymousftp and by the World Wide
Web (http://quale.geo.ber&ley.edu/bard). Data and ancillary informationaboutBARD stations
compatiblewith standardsetby the InternationalGPSService(IGS) arealsosimilarly available.
PleasecontactRayBaxter(510-642-397 7bard@seismo.beekey.edu)for furtherinformation.

In the pastyearthe BARD Projectandthe NCEDC have collaboratedvith UNAVCO andother
memberof the GPScommunityto definedatabasechemaandfile formatsfor the GPSSeamless
Archive Centers(GSAC) project. When completedthis projectwill allow a userto accesghe
mostcurrentversionof GPSdataand metadatdrom distributed GSAC locations. The NCEDC
will participateat several levels in the GSAC project: asa primary provider of datacollected
from BSL-maintainedstationsasa wholesalecollectionpoint for otherdatacollectedin northern
California,andasaretail providerfor the globaldistribution of all dataarchvedwithin the GSAC
system.We have producedmonumentatiorfiles describingthe datasetsthat are producedoy the
BARD projector archived at the NCEDC, and are working to implementprogramsthat create
incrementafiles describingchangego the holdingsof the NCEDC so that othermembersof the
GSAC communitycanprovide up-to-datanformationaboutour holdings.

L1 System

The BSL staf is evaluatingthe performanceof the UNAVCO-designed.1 systemin anurban
setting. This single-frequeng recever is relatively inexpensve but is lessaccuratethan dual-
frequeny recever thatcancompletelyeliminatefirst-orderionosphericeffects. Hencewe expect
theL1 systemto be mostusefulfor shortbaselineneasurementshereionospherieffectswould
tendto canceldueto similar propagationpaths. We planto deploy this self-containedsystem,
which usessolar polar and an integratedradio modem,in the vicinity of the Hayward fault to
improve the spatialdensityof our monitoringeffort. The BSL borroved 2 receversanda master
radiofrom UNAVCO to performtheevaluation.Considerabléardwareandsoftwaredevelopment
wasrequiredbeforethe systembecameoperationin Junel999. Baselinelengthsestimatediusing



the GAMIT softwarehave cm-level precisionout to 10-kmlengthsif ambiguityresolutionis not

attemptedbut areseveraltimesworseif it is attemptedandarenotimprovedby processingnore

than2 stationssimultaneously Theseresultsare contraryto thosetypically obtainedusingdual-

frequeny data. We are currently working with MIT to assessow to improve the ambiguity
resolutionalgorithmsandwith UNAVCO to investigateotheranalysispackagessuchasBernese,
thatmay be bettersuitedto this datatype.

Data Analysis

The datafrom the BARD sitesgenerallyare of high quality and measurerelative horizontal
positionsatthe2-4mmlevel. The24-hourRINEX datafilesareprocessedaily with anautomated
systemusing high-precisioniGS orbits. Final IGS orbits, available within 7-10 daysof the end
of a GPSweek, are usedfor final solutions. Preliminarysolutionsfor network integrity checks
andrapid fault monitoring are also estimatedrom PredictedlGS orbits (available on the same
day) andfrom RapidIGS orbits (availablewithin 1 day). Datafrom 5 primary IGS fiducial sites
locatedin North AmericaandHawaii areincludedin thesolutionsto helpdefineaglobalreference
frame.Averagestationcoordinatesreestimatedrom 24 hoursof obsenationsusingthe GAMIT
softwaredevelopedat MIT andSIO, andthe solutionsareoutputwith weakly constrainedtation
coordinatesindsatellitestatevectors.

Processingf datafrom the BARD andothernearbynetworksis split into 6 geographicasub-
regions: the Bay Area, northernCalifornia, Long Valley caldera,southernand northernPacific
Northwest,and the Basin and RangeProvince. Eachsubnetincludesthe 5 IGS stationsand 3
stationsin commonwith anothersubnetto helptie the subnetdogether The weakly constrained
solutionsare combinedusingthe GLOBK software developedat MIT, which usesKalmanfilter
techniquesand allows tight constraintsto be imposeda posteriori. This helpsto ensurea self-
consistenteferencdramefor the final combinedsolution. The subnetsolutionsfor eachday are
combinedassuminga commonorbit to estimateweakly constrainedcoordinate-onlysolutions.
Thesedaily coordinate-onlysolutionsarethencombinedwith tight coordinateconstraintdo esti-
mateday-to-daycoordinaterepeatabilitiestemporalvariations,andsite velocities. The estimated
relative baselinedeterminationsypically have 2—4mm WRMS scatteraboutalinearfit to changes
in northandeastcomponentandthe 10-20mm WRMS scattetin the verticalcomponent.

We arealsodevelopingreal-timeanalysigechniqueshatwill enablerapiddeterminationg min-
utes)of deformationfollowing major earthquaksto complemenseismologicainformationand
aid determination®f earthquak location,magnitudegeometryandstrongmotion (Murray etal.,
1998c).We currentlyprocesslataavailablewithin 1 hourof measuremerftom the 18 continuous
telemetryBSL stationsandseveralotherstationghatmake their dataavailableon anhourly basis.
The dataare binnedinto 1 hour files and processedimultaneously The scatterof thesehourly
solutionsis much higherthanthe 24-hoursolutions: 10 mm in the horizontaland 30-50mm in
thevertical. Our simulationssuggesthatdisplacement8-5 timestheselevels shouldbe reliably
detectedandthatthecurrentnetwork shouldbe ableto resohe thefinite dimensionsandslip mag-
nitude of a M=7 earthquak on the Hayward fault. We are currentlyinvestigatingotheranalysis
techniqueghatshouldimprove upontheseresults,suchasusinga Kalmanfilter thatcancombine
themostrecentdatawith previousdatain nearreal-time.



Deformation in Northern California and Nevada

Averagevelocitiesfor the longestrunning stationsfrom BARD andothernearbynetworks are
showvn in Figure2. To accountor colored-noiseerrorprocessessuchasmonumentwander mul-
tipath, and atmospherieffects, we scaledthe formal uncertaintiesaccordingto the approximate
expressiongiven by Mao et al. (1999)for the total uncertaintyof velocity asa function of both
the white noiseandflicker noiseuncertaintiesappropriateor North Americansites. This flicker
noisemodelresultsin velocity uncertaintie6—12timestheir formal uncertainties The velocities
arerelative to stableNorth America,asdefinedby thefive IGS fiducial stations.

Stationsin easterrNevadashow little motionrelative to North America,whereaghe stationon
theFarallonlslands(FARB), 30 km offshorenearSanFranciscois moving at46 mmyr—! N35°W.
This is consistenwith the motion predictedby NUVEL-1A for the Pacific plate (DeMetset al.,
1994), indicating that the network spansnearly the entire deformationfield associatedvith the
plateboundary

The SanAndreasFault systemaccommodates 35 mmyr—! parallelto the predictedplate mo-
tion acrossa 100-kmwide zonenearthe coast. The remaining~11 mmyr—! of predictedplate
motionis distributedacrossthe Sierran-GreaValley, and Basinand Rangeprovince with signif-
icant velocity componentsiormalto the predicteddirection. This region canbe divided into 3
relatively stablecrustalblocksdelimitedprimarily by seismicitypatterns.The Sierran-GreaVval-
ley (SG)blockis locatedbetweerthe SAF anda northwestrendingseismicitybelt betweerl_ake
TahoeandMount Shastan easterrCalifornia. This seismicitybeltis thewesternedgeof theBasin
andRangeprovince,whichwe divide into easter{EB) andwestern(\WB) blocksaboutthe Central
NevadaSeismicZone(CNSZ).

Our preferreckinematicmodel(Murray etal., in prep.,2000),assumesa singleangularvelocity
for SGblock, anda singleEuler polelocation, but differentangularvelocity ratesfor the EB and
WB blocks. The WRMS misfits of the horizontalcomponentsf 1, 1, and2 mmyr—* for the EB,
WB, andSGregions,respectiely. Relatve motionalongtheboundariebetweertheregionsvaries
with position.Becausd=B andWB sharehesameEulerpole,relatve motionis purelyextensional
acrosobliquelongitudinallines,which the CNSZ closelyapproximatesThe predictedextension
at4°N, 118W is 3mmyr ! N75°W. Therelative motionbetweerWB andSGat40°N, 121°W
is 3mmyr—! N45°W, approximatelyparallelto the seismicitytrend,indicatingthe deformationis
primarily right-lateralstrike-slip.

Motion of stationsnearthe SanAndreasfault systemis approximatelyparallelto the NUVEL-
1A predictiongFigure3). Velocity componentsiormalto this directiondo not differ significantly
from zerowestof the SAF andarelessthan5 mmyr—! for sitesbetweerthe SAFandGreatValley.
The parallelvelocity componentsary in magnitudealmostlylinearly by ~35 mm yr—! acrossa
100-kmwide zonenearthecoastwhich previousstudiesshow is consistentvith interseismictrain
accumulatioron faultsthatarefreely slippingexceptat shallov depths(Lisowski etal., 1991).

To modelthe obsened deformation we assumenterseismicdeformationis a superpositiorof
long-termaveragerigid-body motionson either side of faults, and back-slipon shallov locked
portionsof faults. This approachis similar to the elasticdislocationmodel commonlyusedin
subductionzonestudies(Savage, 1983), exceptwe expressthe long-termaveragemotion using
angularvelocities. Giventhat the westernmosstationsin our studyform a roughlylinear profile
acrosghe SAF systemandtheir motionsarepredominantlyparallelto predictedmotion,we model
interseismicstrainaccumulatiorusingtwo-dimensionafanti-planestrain)screv dislocationsThis
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Figure2: Obsened (red)andmodeled(blue)velocitiesrelative to stableNorth Americafor stationsn the BARD and
nearbynetworks. Datafrom November1993to October1999was processedy the BSL using GAMIT software.
Ellipsesshav 95% confidenceregions, scaledby a white andflicker noisemodel, with the predictedPacific—North
Americarelative plate motion in centralCalifornia shawvn for scale. The projectionis the sameasFigure1l. Mod-
eledvelocitiesarefrom Euler pole determinationdor the Sierran-GreaValley (SG), andwest(WB) andeast(EB)
BasinandRangeblocks. Velocitieswithin the SanAndreasfault system(SAFS)areestimatedisingtwo-dimensional
models.



methodis describedn moredetailin Murray etal. (in prep,2000).

Figure3 shaws theresultsusinga modelwith 3 faults,correspondingo the SanAndreas(SA),
Hayward (H), and Calareras/ConcordCC) fault strands.Given the high correlationsassociated
with determiningfaultgeometryandslip parameterg aparallelfaultregime,we assumehefault
locationsareknown from surfacegeologystudies,anduselocking depthsderived from obsened
seismicity Estimateddeepslip rateson SA, H, andCC faultsare19.2,11.3,and 7.4 mm yr—!,
respectiely, in reasonablygoodagreementvith neotectonicstudies(17+4, 9+2, and5+3 mm
yr—1, WGCER 1999). We are currently extendingthesemethodsto threedimensionsto better
characterizeéhe complex geometryof faultsin the SanFranciscdBay area.
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Figure3: Velocitiesrelative to the NUVEL-1A Pacific-NorthAmericaEuler pole of stationdocatedin a profile from
easterrNevadato the SanFranciscoBay area.Obsenedvelocities(crosses)with onestandardieviation error bars,
areperpendiculafred)andparallel(blue)to the predicteddirectionasa functionof obliquecolatitudefrom the Euler
pole. Thebluecurveis theangularvelocity and3-faultbackslipmodelprediction. Thegreencurveis the samemodel,
assumingheNUVEL-1A rateonthePacific plate. Verticallinesattop indicatelocationandrelative depthsof the San
Andreag(SA), Hayward (H), andCalaveras/ConcordCC) faults.

Transient Deformation of the 1998 San Juan Bautista Earthquake

The August1998 Mw=5.1 SanJuanBautistaearthquak produceda detectabledisplacement
signalatthe nearbySAOB GPSrecever (Uhrhammetretal., 1999). The obseredtransientdefor
mation, which appeardo have both coseismicand postseismicomponentsis similar to nearby
creepandstrainmetepbsenations.No significantverticaloffsetwasdetectecandno otherBARD
siteswere measurablydisplaced. Relatve to the PKDB station(Figure 4), SAOB moved north
2.6+0.5mmandwest4.3+0.6 mm. This GPS-deweddisplacementwhich representanaverage
over the six-weekinterval following the earthquak, is more thandoublethat inferred from the
moreinstantaneouaccelerometemeasurementstthe collocatedseismicstationSAO. Continued



aseismicslip on the fault following the earthquak is one possibleexplanationfor this difference.
Measurementat the nearbySJSboreholetensorstrainmeterwhich shav an instantaneou$.5
microstraincoseismicoffset followed by an additional0.5 microstrainincreaseover the next 12
days,areconsistentvith this interpretationFigure4).
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Figure4: Transientdeformationfollowing the 1998 SanJuanBautistaearthquak, asobseredon straindilatometers
(topright), accelerometeréop left), surfacecreepmetergmiddle),andGPS(bottom). Modified from Uhrhammetret
al. (1999).

NON-TECHNICAL ABSTRACT

We maintainthe Bay Area Regional Deformation(BARD) network of permanenGlobal Po-
sitioning System(GPS) stationsto betterunderstanccrustaldeformationin northernCalifornia
andthetiming andhazardgosedby future earthquakscausedy strainaccumulatioralongthe
SanAndreasfault systemin the SanFranciscoBay area. During the pastyear we added3 new
stations,performedmary enhancementw the existing network, estimatedsereral crustalblock
motionsand fault deepslip rates,and detecteddeformationdue to a moderate-size@arthquak
nearoneof the GPSstations.



REPOR 'S PUBLISHED

Murray, M. H., R. BurgmannW. H. PrescottB. Romanaevicz, S. Schwartz,P. Segall, andE. Sil-
ver, TheBay AreaRegionalDeformation(BARD) permanenGPSnetwork in northernCalifornia,
EOS Trans. AGU, 79(45), Fall MeetingSuppl.,F206,1998a.

Murray, M. H., W. H. Prescott,R. Burgmann,J. T. Freymueller P. Seyall, J. Svarc, S. D. J.
Williams, M. Lisowski, andB. Romanavicz, The deformationfield of the Pacific-NorthAmerica
plate boundaryzonein northernCalifornia from geodeticdata, 1973-1989,EOS Trans. AGU,
79(45), Fall MeetingSuppl.,F192,1998hb

Murray, M. H., D. S. Dreger, D. S. NeuhauserD. R. Baxter L. S. Gee,andB. Romanavicz,
Real-timeearthquak geodesySeismol. Res. Lett., 69, 145,1998c.

Murray, M. H., P. Segall, andB. Romanaevicz, ContinuousGPSmeasurementsf Pacific-North
Americaplateboundarydeformationin northernCalifornia, 1993—-1999Geophys. Res. Lett., in
prep.,2000.

Perin, B. J., C. M. Meertens,D. S. NeuhauserD. R. Baxter M. H. Murray, and R. Butler,

Institutionalcollaborationdor joint seismicandGPSmeasurement&eismol. Res. Lett., 69, 159,
1998.

UhrhammerR., L. S. Gee,M. Murray, D. Dreger, andB. Romanavicz, The M,, 5.1 SanJuan
Bautista,Californiaearthquak of 12 August1998,Seismol. Res. Lett., 70, 10-18,1999.

REFERENCES

Burgmann,R., P. Segall, M. Lisowski, and J.P Svarc, Postseismicstrain following the 1989
LomaPrietaearthquak from RepeatedsPSandLeveling Measurements]. Geophys. Res., 102,
4933-49551997.

DeMets, C., Effect of recentrevisionsto the geomagneticeversaltime scaleon estimateof
currentplatemotions,Geophys. Res. Lett., 21, 2191-21941994.

King, N. E.,J.L. Svarc,E. B. FoglemanW. K. Gross K. W. Clark,G. D. Hamilton,C. H. Stiffler,
andJ. M. Sutton,ContinuousGPSobsenationsacrosshe Hayward fault, California, 1991-1994,
J. Geophys. Res., 100, 20,271-20,2831995.

Lisowski, M., J.C. Savage,andW. H. PrescottThevelocityfield alongthe SanAndreasfaultin
centralandsouthernCalifornia, J. Geophys. Res., 96, 8369-83891991.

Mao, A., G. A. Harrison,and T. H. Dixon, Noisein GPScoordinatetime series,J. Geophys.
Res., 104, 2797-28161999.

Romanawvicz, B., B. BogaertD. NeuhauseiandD. OppenheimerAccessingiorthernCalifornia
earthquak datavia Internet,EOS Trans. AGU, 75, 257-260,1994.

Savage,J. C., A dislocationmodelof strainaccumulatiorandreleaseat a subductionzone,J.
Geophys. Res., 88, 4984-49961983.

Working Groupon Earthquak Probabilities Earthquak Probabilitiesin the SanFranciscdBay
Reagion: 2000to 2030— A Summaryof Findings,U.S. Geological Survey, Open-File Report 99-
517, 1999.



