UCSB METHOD FOR BROADBAND GROUND MOTION
FROM KINEMATIC SIMULATIONS OF EARTHQUAKES

Release Notes (V. 21.4)
Source Generator

We have revised the source generator of UCSB broadband kinematic simulation method (Liu, e al.,
20006; Schmedes, ¢# al., 2013; Crempien and Archuleta, 2015) by assuming that the realistic source
model has a double-corner-frequency (DCF) source spectrum (Archuleta and Ji, 2016; Ji and
Archuleta, 2020) rather than the single corner frequency (SCF) source spectrum used previously. The
DCEF spectrum used is defined as (Ji and Archuleta, 2020),
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As shown in Figure 1, the spectral amplitude of a DCF model remains constant for frequencies less

than low corner frequency fiq, decays as f ~! between f4 and high corner frequency f,, and decays
as f 72 for frequencies greater than f,.
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Figure 1. Comparison of a DCF spectral model (red line) and a single corner frequency spectral model
with same low- and high-frequency asymptotes (ASCF, black dashed line). (a) displacement spectra.
(b) velocity spectra and (c) acceleration spectra. Note that DCF model has less energy radiation
between f;1 and f,, than ASCF.

Ji and Archuleta (2020) introduce double-corner-frequency (DCF) source spectral models JA19_2S,
which in conjunction with a stochastic ground-motion model, can reproduce the mean peak ground
acceleration (PGA) and mean peak ground velocity (PGV) of the NGA West-2 database (Ancheta, e
al., 2014) for magnitudes 3.3 to 7.3. The JA19_2S scaling relation for corner frequency f.1 and f;, are
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log(fun (M) = {

log (f.,(M)) = 3.250 — 0.5M (2b)



Here M denotes the moment magnitude. Ji and Archuleta (2020) found that the low corner frequency
(f1) is associated with the rupture duration Ty as Ty = 1/mf., and high corner frequency f, is
correlated with average rise time Ty as Tg = 0.8/ f,. If the fault length L (in km) of an earthquake
is known, users may consider first using the empirical relations Ty3~L /2.8 and Tr~(0.08 — 0.1)T,
(Ji and Archuleta, 2022) to estimate Ty and Tg, and subsequently constraining f.1 and f,.

Following new rules are employed to constrain the spatial distributions of rupture front (T (X, t)) and
slip rate function for a given slip distribution.
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Rather than giving a fixed average rupture velocity Vi as in previous versions of UCSB method,
we perturb the ratio (y) between rupture velocity (V) and shear wave velocity (V;) on the fault
so that the synthetic rupture duration (Ty, defined specially as 95% of seismic moment) is 1/mf,1.
Note that V; is not a constant.

Rupture front T (%, t) is modeled as To(%, t) + §(X, t). Ty (X, t) defines the background rupture
front from the hypocenter, calculated using the given rupture velocity distribution (i.e., yV;) and
a 2D finite difference travel-time solver. §(%, t) is the local perturbation. Based on the work of
Gusev (2014) and Schmedes, ¢ a/. (2013), we let the spatial distribution of §(¥,t) obey a k™1
spectral distribution and the values of § (X, t) satisfy the Rayleigh distribution with ¢ = T /2. The
resulted rupture front is a tortuous, multiply connected (“lacy”) fractal polyline that occupies a
strip of finite width close to the slip-pulse width (Gusev, 2014) but has no correlation with the
fault slip (Schmedes, ez al., 2013).

The default slip rate function at a point on the fault surface is modified Yoffe function, which is
the convolution of a Yoffe function and a truncated cosine function (Schmedes, ¢z a/, 2010). Its
rise time Tp(¥) is equal to TR®(X) + Tp(X), where TR°(¥) and Tp(¥) are durations of
corresponding Yoffe function and truncated cosine function respectively (Schmedes, ez a/., 2010).
Based on our previous dynamic study (Schmedes, e al, 2013), we let TR°(X) follow a
k=175 spatial distribution and the spatial correlation between Tg®(X) and fault slip D (X) be 0.75.
Tp(X) follows a k™1 spatial distribution and the spatial correlation between Tp and fault slip D (¥)
is negligible. We let the values of Tz?(X) obey a beta distribution (Liu, e o/, 2006), and initially

normalize Tg® (X) so that their average Tg? is equal to 1.2Tg. The default value of average Tp (¥),
ic., Tp,is 0.2Tk.

In the last step, the values of TRO and Tp are further perturbed so that the amplitude spectrum of
the cumulative moment rate function matches the target DCF spectral model, JA19_2S. We
generate a pool of 25 different source realizations before selecting the best realization for further
ground motion simulation.
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