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Abstract

A realistic spectral model of the general !"# high-frequency and $% low-frequency asymptotes needs an intermediate 
!"& branch (Brune, 1970). We introduced two such double-corner source spectral models JA19 and JA19_2S for 3.3≤ M
≤7.3, constrained by stochastic modeling the mean PGA and mean PGV of the NGA West-2 database. JA19 is self-similar. 
Its low corner frequencies !'& is consistent with the known self-similar scaling relations of the rupture duration (()), 
where () = ⁄1 (.!'&) . Its high corner frequencies !'& may reflect scaling relation of the average rise time ((1), where 
(1~ ⁄0.8 (!'#). Stochastic simulations using JA19 cannot reproduce the sharp change in magnitude dependence of PGA 
and PGV at M 5.3, suggesting a breakdown of self-similarity. To model this change, JA19_2S is found by perturbing the 
!'& scaling relationship in JA19. In both models the relation ⁄!'# !'& ≫ 1 applies. Seismic radiated energy scales with 
$%

#!'&
#!'#. The ratio ⁄!'# !'& scales not only with the ratio of effective stress drop and static stress drop but also with 

the fault aspect ratio. To explore its deviation for individual earthquakes, we apply it to constrain the source realizations
produced by UCSB Broadband kinematic method. Here we demonstrate the fidelity of the technique using the 2019 M 
6.5 Ridgecrest foreshock.

Double corner frequency (DCF) spectral models for shallow earthquakes in active 
tectonic regions [Ji and Archuleta, 2020]
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log(!'&(=)) = 1.754 − 0.5=
log(!'#(=)) = 3.250 − 0.5=
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JA19_2S vs. AS00 

Modification of UCSB method for broadband platform

log(!'&(=)) = D1.474 − 0.415= = < 5.3
2.375 − 0.585= = ≥ 5.3

log(!'#(=)) = 3.250 − 0.5=

JA19 (Self-Similar, 3.3<M<7.3)

JA19_2S (Non-Self-Similar)

Figure 1. Proposed DCF models JA19 and JA19_2S. (a) 
Comparison of synthetic acceleration Fourier amplitude spectra 
of M 5 and 7 earthquakes, predicted by JA19 and JA19_2S. The 
comparisons of the synthetic (red line for JA19_2S and black line 
for JA19) and observed log-mean PGA, PGV, and DomF values 
(black circles) are shown in (b), (c), and (d), respectively. The 
vertical bars represent the corresponding standard deviations. It 
is clear that JA19_2S produces a better fit to the observed log-
mean PGA and PGV for M < 6. The two models produce nearly 
the same fit to the observations of log-mean PGA and PGV for M 
> 6. The two models fit DomF almost exactly the same.  

Figure 3. Scaled energy versus magnitude for various spectral 
models: BH14, a SCF spectrum (Baltay and Hanks, 2014); 
ASCF, an apparent SCF model with corner frequency !'G

defined with JA19 model; and DCF spectral models  AB95, 
AS00, JA19 and JA19_2S. 

Comparison of DCF models for similar tectonic regions 

Figure 2. Comparison of scaling relationships of the source 
durations and magnitude. Eight relations are compared. There 
are two GCMT relations (boxcar, CMT_B; isosceles triangle, 
CMT_T), two SCARDEC relations for subduction (SUB) or no-
subduction (NSUB) earthquakes (Courboulex et al., 2016), and 
the relations used by DCF models: AB95 (Atkinson and Boore, 
1995), AS00 (Atkinson and Silva, 2000), DS16 (Denolle and 
Shearer, 2016).

Notable features of these two DCF models

• The magnitude dependence of corner frequency fc1 is 
consistent with the known scaling relations between the 
rupture duration (H)) and magnitude, fc1~1/πτd (Figure 2)

• fc2 is much greater than fc1. fc2~0.8/TR, where TR denotes 
the average rise time on the fault (Somerville et al., 1999).

• The apparent stress parameter estimated using !'
G is 7 

MPa for model JA19; and varies from 7 MPa to 12 MPa for 
model JA19_2S 

• The scaled energy of JA19 is 2.2x10-5, independent of 
magnitude. The mean scaled energy of JA19_2S for 
earthquakes within entire magnitude range is 3.2×10-5. 
Both are consistent with previous studies of global 
earthquakes.

• The scaled energy e scales with the two corner frequencies 
approximately as e∝M0fc1

2fc2, when fc1≪fc2. Energy is 
roughly equal partitioned in frequency band [fc1, fc2] and [, 

fc2, ∞].

• The scaled energy of JA19_2S increases by a factor of 2.2 as 
magnitude increases from 3.3 to 5.3 and subsequently 
decreases by a factor of 2.2 as magnitude increases from 
5.3 to 7.3 (Figure 3).

• If rupture duration is proportional to fault length, the non-
self-similarity of JA19_2S may imply: 

Ø the rupture velocity VR increases 47% as magnitude 
increases from M 3.3 to M 5.3 and subsequently 
decreases 47% as magnitude continues to increase to 
7.3; 

Ø the average stress drop ∆σs increases by a factor of 3.2 
as magnitude increases from M 3.3 to M 5.3 and 
subsequently decreases by a factor of 3.2 as magnitude 
continues to increase to 7.3.

Ø The scaling law of fault length (L) with seismic moment is 
$% ∝ N

#.OP (5.3 < = < 7.3), consistent remarkably with 
the relation $% ∝ N

#.O reported by Leonard (2012) for 
M>5.5 dip-slip and 5<M<7 strike-slip earthquakes (e.g., 
Figure 6).

The DCF source spectra can also be approximated by adding two SCF omega squared source spectra 
(Atkinson and Boore, 1995; Atkinson and Silva, 2000) with the conversions fA~2fc1 and fB~0.5fc2, where 
fA and fB are corner frequencies of two SCF models with fA<fB. These conversions are held between 
AS00 (Atkinson and Silva, 2000) and JA19_2S. Note AS00 was developed for earthquakes in California.

Figure 6. The length versus width data for strike 
slip inter-plate earthquakes [Leonard, 2012]

Figure 5. Comparison of the two corner frequencies for 
four DCF models: AB95, AS00, JA19 and JA19_2S. The low 
and high corner frequencies are depicted as solid and 
dashed lines, respectively. The thick blue and yellow 
dashed lines denotes the values of 2fc1  and 0.5fc2  

associated with JA19_2S. 

Figure 4. Comparison of synthetic acceleration Fourier 
amplitude spectra of M 5 and 7 earthquakes predicted 
by four DCF models: AB95, AS00, JA19 and JA19_2S. The 
spectra of SCF BH14 model is shown for reference. 

Sensitivity of PSA for corner frequency
For a given earthquake, we require that the spectrum of the cumulative moment rate 
function obeys the DCF model JA19_2S rather than Brune spectral model. During the 
source realization, the average rupture velocity, average rise and peak time of the source 
models are perturbed until a satisfactory result is achieved. 

JA19_2S
(fc1 =0.039 Hz; fc2=1.05 Hz)

(fc1 =0.02 Hz; fc2=2.5 Hz)

Preliminary results for 2019 M 6.47 Ridgecrest foreshock

Figure 7. Bias PSA plots for M 6.47 foreshock. (a) constrained using JA19_2S model. Source 
duration is 8.5 s and average rise time is 0.8 s. (b) constrained using modified corner 
frequency. The corresponding source duration is 16 s, and average rise time is 0.32 s.  Note 
that the source duration inferred from finite fault inversion is about 12 s. 

Figure 8. Comparison of synthetic Fourier acceleration spectra 
recorded at 10 km from a M 6.5 earthquake. X = 0.054 Y.

Figure 9. Comparison of 5% damped pseudo-acceleration 
response spectra. 
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Apparent single corner frequency (ASCF) model

!'G = !'&!'#
(a)

(b)

What we found
• Using the two approximations (I. cumulative moment rate spectrum =average 

source spectra; II. average source spectra=JA19_2S), the broadband strong ground 
motion radiation at local distance can be constrained with two global variables.

• However, notable adjustments of two corner frequencies are required to achieve 
satisfactory broadband fits to PSA. Thus, the aleatory variations of earthquake 
rupture duration and average rise time cannot be ignored.  

• In contrast, the deviation of apparent corner frequency !'
G = !'&!'# from model 

JA19_2S is often much smaller. For example, !'
G =0.20 Hz in (7a) vs. 0.22 Hz in (7b).

What is next,
We will go through the SCEC broadband tests to explore the uncertainties of this 
approach in the applications of strong ground motion prediction.
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