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The year 2000 research included estimation of Q and near-surface soil amplification for the LA basin.
The long-period simulations were carried out using the coarse-grained viscoelastic relaxation method by
Day (1998). The long-period simulations were carried out in collaboration with Steve Day (SDSU) and
Chris Bradley (LANL).

Estimation of Q and near-surface soil amplification for the LA basin

I have started to simulate 0-0.5 Hz 3D wave propagation through the Southern California Earthquake
Center (SCEC) velocity model 2 of the Los Angeles (LA) basin (Figure 1) for the 1994 Northridge
earthquake in order to examine the effects of anelastic attenuation and amplification of the near-surface
sediments. I use the combined slip inversion results for Northridge by Wald et al. (1996). I also tested and
selected the most accurate of the free-surface boundary conditions for the fourth-order finite-difference
method (Olsen and Gottschaemmer, 2000; Gottschaemmer and Olsen, 2001). Previous FD simulations
for the LA basin, with the lowest S-wave velocity artificially constrained to values near 1 km/s due to
computational limitations, have found that the use of the relations @Q,= 0.1 V,; and Q,= 1.5 Q5 provided
a satisfactory fit to data (e.g., Olsen, 2000). However, I find that lowering the minimum velocity from 1
km/s to 0.5 km/s increases the amplification to an extent where the above relation generates significant
overprediction of the basin motions if this relation for Q is used (see Figure 2, lower panels). Figure 3
shows a comparison of the differences between the log of observed and synthetic 0.1-0.5 Hz peak velocities
for 58 sites and various distributions of )5 and @p. All simulations use Q,=1.5Q,. It is clear that the
use of the relation ;= 0.1 V; leads to a significant overestimation of the peak velocities. However, ;=
0.025 V; and to some extent, ;=30 provides a much better fit between synthetic and observed peak
velocities. Figure 4 compares 0.1-0.5 Hz synthetic seismograms for 11 different sites in the LA basin
area, simulated using @Q;=0.025V; (thin) and Q;=0.1V; (thick), for the 1994 Northridge earthquake.
Notice the significant reduction in peak velocity for the lower QQ, which seems to be required to match
the Northridge data. Figure 5 compares 0.1-0.5 Hz synthetic seismograms for 11 different sites in the
LA basin area, simulated using Q;=0.025V; (thin) and Q;=0.1Vs (thick), to strong motion data for the
1994 Northridge earthquake. The peak velocities are reduced by a factor of two on some components at
some basin sites, e.g., IGU and DWY, while the waveforms are essentially unchanged at rock sites, as
expected. This is in agreement with the assumption for the slip inversion by Wald et al. (1994) used
here. Wald et al. (1994) did not include attentuation in their inversion, but also only used waveforms for
sites near the source where the results from this award shows little influence of Q. However, the waves
are strongly attentuated in the LA basin.
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Figure 1: Isosurface of a constant shear-wave velocity of 2.5 km/s for the SCEC 3D velocity model version
2.
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Figure 2: 0-0.5 Hz peak velocity ratios in the Los Angeles basin for V;  =1.0 km/s divided by those for
Vs =10 km/s. Qs=0.1V; and Q,=1.5Q; for both simulations.
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Figure 3: Comparison differences between the log of observed and synthetic 0.1-0.5 Hz peak velocities for
58 sites and various distributions of Qs and @,. (left) The difference at each of the 58 sites, represented by
the length of the bars; blue depicts underprediction, red depicts overprediction. (right) Observed versus
synthetic peak velocities. The dashed lines represent factor-of-two discrepancies. (1st row) Qs=0.025V;,
(2nd row) Qs=0.05V;, (3rd row) Qs=0.1V;, and (4th row) Q,=30 for V; 2.5 km/s. All simulations use
Qp=1.5Q);.



Northridge Synthetics (dx=200m, Vrsni":O.Skm/s)
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JFP (x0.15) PKC (x1)

SZ 2N MMM~
szj\l\/\’www 52\/’\N\W\]\NWV\N~WW- A

<, OBG (x2.1& sy 16U (XL5) H

SL | At ton it S| I At~

S2 . "MMMA A SZ‘ANWM/\WV\’«'WV\NV\'W

- SSA (3.5) 5z FYP(13)

s’1\[\/'\/\’\”"""‘"\"“”W""' A Sl—v“fv'\/\/\/\/\f\rmﬂ\,mw

S2 "N‘ AW AA S2 ~—MMAMMMAAASAIAANAA~
DWY (x1.2) BAP (x0.8)

Sz n A N‘"’\N"MAM '"MM” A Sz A AN
Si AN A”'MP‘M AAAAAA AR S1 - " A

S2

SZ

82 AN q ﬁ nn A AAAPANAA AR N e A A AAAAAANANAANA NN
<7 HSL(xL5) ] sy HUB ()

S| WA~ rrre 2L wwvw«v»v\/\rwl\,rv‘w\ﬂwm
S2 "W"MMM' : s2 A Al

PKC OBG IGU

VLA (2.0) JFP
S;, ~n MM' PO PKC
gvMN\-'\NV\/WWM-“ ~ HZO cm/s
SZ2 e AN A~
125-sec RSt 7 1 oAP
VLA DWY HUB

Figure 4: Comparison of 0.1-0.5 Hz synthetic seismograms for 11 different sites in the LA basin area,
simulated using Q;=0.025V; (thin) and Q;=0.1V; (thick), for the 1994 Northridge earthquake.



Observed Versus Synthetic 0.1-0.5 Hz Velocity Seismograms
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Figure 5: Comparison of 0.1-0.5 Hz synthetic seismograms for 11 different sites in the LA basin area,
simulated using Q;=0.025V; (thin) and Q;=0.1V; (thick), to strong motion recordings for the 1994
Northridge earthquake.



