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IntroductionIntroduction

nn Stochastic Point Source ModelStochastic Point Source Model

nn Model ValidationModel Validation

nn Input Parameter VariabilityInput Parameter Variability

nn Update SummaryUpdate Summary



Stochastic Point Source ModelStochastic Point Source Model



Model ValidationModel Validation
(Silva et al., 1997)(Silva et al., 1997)

nn 16 Earthquakes (M5.3 16 Earthquakes (M5.3 –– M7.4)M7.4)

nn 503 Sites503 Sites
159 Rock159 Rock
344 Soil344 Soil

nn Distance Range: 1 Distance Range: 1 –– 460 km460 km



2323

11

55

88

3333

2222

11

1818

99

33

88

00

22

33

33

2121

Rock SitesRock Sites

94947 7 –– 147 147 6.76.71994 Northridge1994 Northridge

558 8 –– 45 45 6.86.81992 Cape Mendocino1992 Cape Mendocino

57571 1 –– 177 177 7.27.21992 Landers1992 Landers

8815 15 –– 98 98 5.75.71992 Little Skull 1992 Little Skull MtnMtn..

53535 5 –– 90 90 6.96.91989 Loma 1989 Loma PrietaPrieta

222247 47 –– 460 460 5.85.81988 Saguenay1988 Saguenay

12121 1 –– 28286.46.41987 Superstition Hills1987 Superstition Hills

888810 10 –– 80  80  6.06.01987 Whittier1987 Whittier

29291 1 –– 90 90 6.06.01986 North Palm Springs1986 North Palm Springs

336 6 –– 16166.86.81985 Nahanni1985 Nahanni

29291 1 –– 70706.26.21984 Morgan Hill1984 Morgan Hill

161612 12 –– 52525.35.31979 Imperial Valley (AS)1979 Imperial Valley (AS)

35351 1 –– 50506.46.41979 Imperial Valley1979 Imperial Valley

10103 3 –– 30 30 5.75.71979 Coyote Creek1979 Coyote Creek

443 3 –– 90907.47.41978 1978 TabasTabas

39393 3 –– 2182186.66.61971 San Fernando1971 San Fernando

Total SitesTotal SitesDist (km)Dist (km)MMEarthquakeEarthquake



Saguenay EQ Inversion: Saguenay EQ Inversion: 
Input ParametersInput Parameters

nn 22 Rock Sites (Distances: 47 22 Rock Sites (Distances: 47 –– 460 km) 460 km) 

nn CrustalCrustal Model (Model (HartzellHartzell et al., 1994)et al., 1994)

nn Point Source Depth = 25.7 kmPoint Source Depth = 25.7 km

nn Starting Stress Drop = 300 barsStarting Stress Drop = 300 bars

nn Starting Kappa = 0.008 secStarting Kappa = 0.008 sec









Saguenay EQ Inversion: ResultsSaguenay EQ Inversion: Results

nn Stress Drop = 572.2 Stress Drop = 572.2 ++ 25.4 bars25.4 bars

nn Kappa Average = 0.023 secKappa Average = 0.023 sec

nn Q(fQ(f) = 351f) = 351f0.840.84









Additional Earthquakes for Additional Earthquakes for 
Model Validation/Variability UpdateModel Validation/Variability Update

6.66.62003 Bam (Iran)2003 Bam (Iran)5.905.901999 Chi1999 Chi--Chi AS1Chi AS1

6.86.82004 Niigata (Japan)2004 Niigata (Japan)

7.97.92002 Denali2002 Denali7.627.621999 Chi1999 Chi--Chi MSChi MS

7.37.32000 Tottori (Japan)2000 Tottori (Japan)7.137.131999 Hector Mine1999 Hector Mine

7.147.141999 1999 DuzceDuzce (Turkey)(Turkey)6.906.901995 Kobe (Japan)1995 Kobe (Japan)

7.517.511999 1999 KoaceliKoaceli (Turkey)(Turkey)5.285.281994 Northridge AS51994 Northridge AS5

6.306.301999 Chi1999 Chi--Chi AS5Chi AS55.135.131994 Northridge AS41994 Northridge AS4

6.206.201999 Chi1999 Chi--Chi AS4Chi AS45.935.931994 Northridge AS31994 Northridge AS3

6.206.201999 Chi1999 Chi--Chi AS3Chi AS35.205.201994 Northridge AS21994 Northridge AS2

6.206.201999 Chi1999 Chi--Chi AS2Chi AS26.056.051994 Northridge AS11994 Northridge AS1

MagMagEarthquakeEarthquakeMagMagEarthquakeEarthquake



Model ParametersModel Parameters

nn Point Source Stress Drop (Point Source Stress Drop (DsDs))

nn CrustalCrustal ModelModel

nn Point Source DepthPoint Source Depth

nn QQ--model: model: Q(fQ(f) = ) = QQooff
hh

nn Geometrical Attenuation Geometrical Attenuation 

nn Kappa (Site term)Kappa (Site term)



Point Source Stress Drop (Point Source Stress Drop (DsDs))

nn Magnitude dependent Stress Drop:Magnitude dependent Stress Drop:
MM<<5.5 = 160 bars5.5 = 160 bars
M6.5 M6.5 = 120 bars= 120 bars
M7.5 = 90 barsM7.5 = 90 bars
M8.5 = 70 barsM8.5 = 70 bars

nn Constant Stress Drop:Constant Stress Drop: 120 bars120 bars

nn High, Medium, Low Stress Drop ModelsHigh, Medium, Low Stress Drop Models

nn Variability:Variability: sslnln = 0.5= 0.5



Point Source Stress Drop (Point Source Stress Drop (DsDs))

0.380.3856.656.6Deep SlipDeep Slip

0.370.3730.630.6Shallow SlipShallow Slip

0.470.4746.946.9AllAll

sslnlnStress Drop (Bars)Stress Drop (Bars)EarthquakesEarthquakes



CrustalCrustal ModelsModels
nn EPRI (1993) MidEPRI (1993) Mid--Continent Continent CrustalCrustal ModelModel

3.353.354.624.62HalfHalf--SpaceSpace

2.782.783.753.7528.0028.00

2.712.713.523.5211.0011.00

2.522.522.832.831.301.30

Density (Density (cgscgs))Vs (km/sec)Vs (km/sec)Thickness (km)Thickness (km)

nn EPRI (1993) Gulf Coast EPRI (1993) Gulf Coast CrustalCrustal ModelModel

3.403.404.744.74HalfHalf--SpaceSpace

2.782.783.763.7615.0015.00

2.582.583.053.058.008.00

2.372.372.312.317.007.00

Density (Density (cgscgs))Vs (km/sec)Vs (km/sec)Thickness (km)Thickness (km)



Source DepthSource Depth

nn Magnitude Dependent Truncated Depth DistributionMagnitude Dependent Truncated Depth Distribution

20201010558.58.5

20201010557.57.5

202088446.56.5

151566225.55.5

151566224.54.5

Upper Upper 
Bound (km)Bound (km)

Mean Depth Mean Depth 
(km)(km)

Lower Lower 
Bound (km)Bound (km)

MagnitudeMagnitude

sslnln = 0.6= 0.6



QQ--ModelModel

nn MidMid--Continent (Silva et al. 1997):Continent (Silva et al. 1997):

Q(fQ(f) = 351f) = 351f0.840.84

nn Gulf Coast (EPRI 1993):Gulf Coast (EPRI 1993):

Q(fQ(f) = 300 f) = 300 f0.300.30

nn sslnQolnQo = 0.4= 0.4



Geometrical Attenuation and KappaGeometrical Attenuation and Kappa

nn Magnitude Dependent Far Field Attenuation:Magnitude Dependent Far Field Attenuation:

RR--(a+b(M(a+b(M--6.5))6.5)) where a=1.0296, b=where a=1.0296, b=--0.04220.0422

RR--(a+b(M(a+b(M--6.5))/26.5))/2 for R> 80 kmfor R> 80 km

nn Kappa = 0.006 sec (EPRI, 1993)Kappa = 0.006 sec (EPRI, 1993)



DataSetDataSet

nn 5 magnitudes:5 magnitudes: 4.5, 5.5, 6.5, 7.5, 8.54.5, 5.5, 6.5, 7.5, 8.5

nn 9 Distances:9 Distances: 1, 5, 10, 20, 50, 75, 1, 5, 10, 20, 50, 75, 

100, 200, 400100, 200, 400

nn 300 Realizations for each magnitude and 300 Realizations for each magnitude and 
distance pairdistance pair

nn Randomly Vary source depth, Stress Drop, Randomly Vary source depth, Stress Drop, QQoo, , 
and top 100 feet of profileand top 100 feet of profile

nn Total of 13,500 response spectraTotal of 13,500 response spectra



Alternative Source ModelsAlternative Source Models

nn Single Corner ModelSingle Corner Model

nn Constant Stress Drop (120 bars)Constant Stress Drop (120 bars)

nn Variable Stress Drop (Magnitude Dependent)Variable Stress Drop (Magnitude Dependent)

nn Double Corner Model Double Corner Model 
(Atkinson and (Atkinson and BooreBoore, 1995), 1995)



Saturation of Ground MotionsSaturation of Ground Motions

nn Reduction in the scaling of ground motions as a Reduction in the scaling of ground motions as a 
function of magnitudefunction of magnitude

nn Fictitious Depth term:Fictitious Depth term:
H = HH = H’’*exp(*exp(--1.250+0.227M)1.250+0.227M)

for M>6.5for M>6.5

nn Applied to Double Corner and Single Corner Applied to Double Corner and Single Corner 
with Constant Stress Drop Modelswith Constant Stress Drop Models



Summary of Ground Motion ModelsSummary of Ground Motion Models
nn Single Corner Constant Stress Drop Single Corner Constant Stress Drop 

(Low, Medium, High)(Low, Medium, High)

nn Single Corner Constant Stress Drop with Single Corner Constant Stress Drop with 
Saturation (Low, Medium, High)Saturation (Low, Medium, High)

nn Single Corner Variable Stress Drop Single Corner Variable Stress Drop 
(Low, Medium, High)(Low, Medium, High)

nn Double CornerDouble Corner

nn Double Corner with SaturationDouble Corner with Saturation

Total CEUS Models = 22Total CEUS Models = 22



Attenuation ModelAttenuation Model

LnLn (Sa) = (Sa) = CC11 + C+ C22*M + *M + 

(C(C66+C+C77*M)*Ln(R+exp(C*M)*Ln(R+exp(C44)) )) 

+ C+ C1010*(M*(M--6)6)22



























PGA PGA -- M7.5M7.5
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PGA PGA –– M7.5M7.5
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M6.5, Distance = 10 kmM6.5, Distance = 10 km
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M7.5, Distance = 1 kmM7.5, Distance = 1 km
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CEUS Residuals: Single Corner Variable Stress DropCEUS Residuals: Single Corner Variable Stress Drop



Ground Motion Model UpdatesGround Motion Model Updates

nn Modeling Validation/VariabilityModeling Validation/Variability

nn Point Source Stress DropPoint Source Stress Drop

nn Geometrical Attenuation (NGA Geometrical Attenuation (NGA 
Empirical models)Empirical models)

nn Saturation (NGA Empirical models)Saturation (NGA Empirical models)
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