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Introduction
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• Ground-motion prediction equation (GMPE)
To estimate the ground-motion value for an earthquake, given the magnitude, 
distance, and site condition.
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• Probabilistic seismic hazard analysis 
(PSHA) 

To estimate the hazard level of multiple 
potential seismic sources for a specific 
area.

Source of this figure : https://www.researchgate.net/figure/Components-of-a-probabilistic-seismic-hazard-PSHA-study-Top-left-Representation-of_fig10_266854442

https://www.researchgate.net/figure/Components-of-a-probabilistic-seismic-hazard-PSHA-study-Top-left-Representation-of_fig10_266854442


• Response Spectrum Analysis
The response spectrum is the maximum response of a single degree of a freedom oscillator with a 
given damping value for a given period.
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Source of this figure:https://www.semanticscholar.org/paper/Probabilistic-Seismic-Hazard-Analysis-(-PSHA-)-A/5e138efe7358193bd5c3188f6582b6339416c4ed/figure/0

https://www.semanticscholar.org/paper/Probabilistic-Seismic-Hazard-Analysis-(-PSHA-)-A/5e138efe7358193bd5c3188f6582b6339416c4ed/figure/0


Motivation
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Previous study

• For subduction zones, a relatively small 
number of GMPEs have been 
developed, and some of which did not 
use site class.

• Their dataset for interface events 
contains far fewer strong-motion 
records than that used in this study.

This study

• Using site class as a model parameter.

• More strong-motion records for interface 
events.



• Subduction Zone Earthquakes Types

1. Interface earthquakes
Shallow angle thrust events that 
occur at the interface between the 
subducting and overriding plates.
Mostly occur at depths of less than 
50 km.

2. Intraslab earthquakes
Occur within the subducting
oceanic plate and are typically 
high-angle normal faulting events 
responding to down-dip tension in 
the subducting plate.
Mostly occur at depths of greater 
than 50 km.
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Strong-Motion Dataset
Site Class
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1. The first dataset includes records from all 
earthquakes since 1968.

2. In the second dataset, the exclusion of sites 
with an inferred site class leads to the 
removal of 463 records.

Data resources
• K-NET and KiKnet, administered by the 

National Research Institute for Earth 
Science and Disaster Prevention of 
Japan

• Port and Airport (Port and Harbour) 
Research Institute

• Pacific Earthquake Engineering 
Research Center (PEER) strong-motion 
database
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Figure 1. (a) The distribution of earthquakes used in the present study with respect to fault depth and moment magnitude and (b)
Distribution of strong-motion records with respect to source distance and moment magnitude. 
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• Model for shallow interface earthquakes

GMPE Model Forms

Source Effect

7.1

𝛾!"#$ : the constant term for shallow interface events.
intS : shallow interface events.
𝑏!"#, 𝑐!"#$ , and 𝑑!"# : the regression coefficients for fault-top depth 
h and magnitude terms, respectively.
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• Model for shallow interface earthquakes

Geometric spreading term

x : the shortest distance from a recording station to the fault plane (or hypocentral distance).
𝑔!"# : geometric attenuation rate.
𝑔!"#$% : large-distance geometric attenuation rate for shallow events.

Cmax = mc = 7.1

Coefficient 𝑐& =1.151 was selected and justified by 
the relationship of magnitude and fault length 
relations (see Zhao, Zhou, et al., 2016).

The distance used for geometric spreading 
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• Model for shallow interface earthquakes

Anelastic attenuation term

𝑒!"#$% : the attenuation rate.
𝑥'.) : the shortest distance to the fault plane.

Taiwan : the attenuation rate decreases with 
increasing depth.

For Japan, the subduction trench is usually far 
offshore, and the seismic waves reaching the 
recording stations travel through the slab and also 
through the upper mantle and crust that have smaller 
Q values than the subducting slab.
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• Model for shallow interface earthquakes

Volcanic path attenuation term

Using the sum of the horizontal portions of the path that pass through volcanic zones 
(𝑥*) as the measure of volcanic path. 

𝑥* :	the	horizontal	distance	passing	through	volcanic	zones.
𝑒!"#
* : anelastic attenuation rate applied to 𝑥*.
𝛾$% is a constant.
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• Model for shallow interface earthquakes

Site amplification ratio
A : the site amplification ratio.
Amax : max. amplification ratio

AmSCI : rock-site deamplification factor

Imf : indepedence ratio factor
𝑆+, : crossover rock-site spectrum
𝑆+ : rock site spectrum

𝑓$+ : adjustment  factor

，

𝛼 = 2.0
𝛽 = 0.6
for all periods
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• Model for shallow interface earthquakes

Within-event residual Between-event residual
(std : 𝜎 ) (std : 𝜏) 

μ : the recorded PGA or spectrum.
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• Model for deep interface earthquakes

𝛾!"#$ : the constant term for shallow interface events.
intD : deep interface events.
𝑏!"#, 𝑐!"#$ , and 𝑑!"# : the regression coefficients for 
fault-top depth h and magnitude terms, respectively.

Source Effect

7.1
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Figure 8a shows the between-site standard deviations,  and Figure 8b shows the within-site standard deviations.

(similar for all sites)

0.32 sec 0.7 sec
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Figure 9 compares the total site 
standard deviations from four site 
classes with the within-event standard 
deviations.

SC III sites have the smallest standard 
deviations at most periods, and SC IV 
sites have the largest standard 
deviations at long periods. The total 
site standard deviations appear to have 
the largest value at the average site 
period of each site class.



20



21



22

(c)

(d)

Figure 17, 18 show the predicted 
spectra for SC I, SC II, SC III, SC 
IV sites for four magnitude units.

Predicted Response Spectra
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Figure 18 shows the attenuation of PGA and 
spectrum at 0.5 s with a magnitude of 5, 6, 7, 8, and 
9, within a 25–320 km source distance range at a 
fault depth of 20 km for SC IV sites.
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Figure 19 shows the attenuation of spectra at 1.0 and 3.0 s 
spectral periods, and again the magnitude-scaling rates for 
large events are significantly less than those for events 
with an Mw up to 7.1.



Discussion and Conclusions

• Anelastic attenuation rate is not necessary for deep interface events with a fault-top 
depth over 25 km, similar to the findings by Zhao (2010). 

• The discontinuity at the boundaries between shallow and deep interface events leads 
to different predicted spectra for events at the depth boundary.

• We recommend that, for an event located at a boundary, the user takes the averaged
ground motion of the models on either side of the boundary. This is thought to be a 
reasonable approach, considering the depth error range associated with the event 
classification.
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Thank you for listening


