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Stage 1: Comparison of Median 
Predictions 

Stage 3: Residuals Analysis Using NGA-WEST2
Database
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We performed mixed-e�ects residuals 
analyses in order to evaluate how well 
GK15, ASK14 and BSSA14 predict the 
near-source (within 80 km of the fault) 
subset of the NGA-West2 database, and to 
con�rm that GK15 is not biased with re-
spect to M, Rrup, VS30, Bdepth and style-
of-faulting by examining trends of residu-
als against these  parameters. 
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Stage 2: Comparisons With Earthquake Data

Response Spectra
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Standard Deviations

GK15 standard deviations are mag-
nitude dependent similar to ASK14 
and BSSA14.

GK15 standard deviations are gen-
erally lower than these two GMPEs 
at both large and small magnitudes. 

Comparison of the median estimates of response-
spectral shapes and amplitudes by the GMPEs with the 
observations from select nine major Californian earth-
quakes from the NGA-West 2 database. Ground motion 
data correspond to near-�eld records (0 – 20 km) with 
NEHRP site class C/D.  

Ground motion attenuation during 
the 2014 M 6.0 South Napa earth-
quake. Plots show ampli�ed PGA as a 
bump at near �eld (0 to 10 km); this 
phenomenon is captured well by the 
GK15 GMPE. Ground motion data 
shown is VS30 adjusted to 760 m/s. 
Number of data points compared is 
303. 

Intensity 
measure 

Inter-event ( )  Intra-event ( )  Total ( ) 

GK15 ASK14 BSSA14  GK15 ASK14 BSSA14  GK15 ASK14 BSSA14 

PGA 0.425 0.420 0.377  0.519 0.546 0.529  0.670 0.688 0.649 

SA at 0.2 s 0.440 0.465 0.415  0.576 0.599 0.568  0.725 0.758 0.703 

SA at 1.0 s 0.626 0.807 0.635  0.632 0.706 0.622  0.890 1.072 0.889 

SA at 3.0 s 0.842 1.091 0.818  0.710 0.908 0.691  1.101 1.419 1.071 

 

          Magnitude-Scaling Features               Style-of-Faulting E�ects  
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Abstract

For the near-source California dataset, three GMPEs yield similar standard deviations. As a result, we propose 
that the GMPE of Graizer-Kalkan (2015) can be used to estimate ground motions in California as accurately and 
precisely as the two considered NGA-West2 GMPEs.

GK15 is available for MatLAB and EXCEL at  https://earthquake.usgs.gov/research/software/#gmpe

Graizer, V. and Kalkan, E. (2016). "Summary of GK15 Ground-Motion Prediction Equation for Predicting PGA 
and 5%-Damped SA from Shallow Crustal Continental Earthquakes", Bulletin of Seismological Society of Ameri-
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Item GK15 ASK14 BSSA14 

Database Expanded NGA-West1 NGA-West2 NGA-West2 
# of events 47   
# of recordings 2,583   
    IMs PGA, SA PGA, PGV, SA PGA, PGV, SA 
Period range 0.01– 5 s  0.01 – 10 s 0.01 – 10 s 
Period definition (# of periods)  Continuous  Discrete (21) Discrete (42) 
    Class 2 event flag Not used Included Not used 
Magnitude (style of faulting) 5.0 – 8.0 (SS, REV) 3.0 – 8.5 (All) 3.0 – 8.5 (SS, 

REV)  7.0–8.0 (NM)  3.3 – 7.0 (NM) 
Style of faulting SS, REV, NM SS, REV, NM SS, REV, NM, U 
Dip Not used Included Not used 
Down-dip rupture width  Not used Included Not used 
Closest distance to rupture plane (km) 0 – 250 0 – 300 Not used 
Joyner-Boore distance (km) Not used Not used 0 – 400 
Horizontal distance to top edge of 
rupture plane measured perpendicular 
to strike 

Not used Included Not used 

Horizontal distance to top edge of 
rupture plane measured parallel to 
strike 

Not used Included Not used 

VS30 (m/s) 200 – 1,300 180 – 1,500 150 – 1,500 
Depth to 1.0 km/s isosurface  Not used Included Included 
Depth to 1.5 km/s isosurface  Included Not used Not used 
Depth to basin Included Not used Not used 
Nonlinear site effects Not used Included Included 
Quality factor Included Not used Not used 
Regional adjustment Included  Included Included 
Standard deviation (intra, inter, total) Included Included Included 
    

 

We compare data sets, functional forms, estimation parameters 
and the resulting ground motion estimates (median and aleatory 
variability) of the Graizer-Kalkan (2015; hereafter referred to as 
GK15) with next generation of attenuation project (NGA-West2) 
models of Abrahamson et al. (2014; ASK14) and Boore et al. (2014;  
BSSA14) for application to earthquakes in California. 

 The evaluation of the GMPEs is performed in three stages: 

1. compare attenuation, magnitude scaling, style-of-faulting 
(SOF) e�ects, linear and nonlinear site response, response-spec-
tral shape and amplitude, and standard deviations,

2. compare median predictions, standard deviations, and analy-
ses of total residuals with respect to the near-�eld (within 20 km 
of the fault) and far-�eld (beyond 20 km of the fault) records 
from major earthquakes in California, and 

3. compare intra- and inter-event residual distributions among 
the GMPEs using a near-source (within 80 km of the fault) 
subset of the NGA-West2 database. 
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