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• This information helps improve our understanding of regional 
risk by highlighting these significant basin effects and the local 
variability that is likely to occur with any large seismic event.

• We plan to produce an average computed basin-amplification 
factor spectrum from 0.2-0.9 Hz, and its variance, at 25 sta-
tion locations, similar to Thompson et al. (2020).

• Next we will validate synthetic amplification spectra against 
existing recordings of the 6 small quakes in the Reno area.

Summary and Research Plans

• Non-ergodic scenarios to 0.74 Hz for small earthquakes in and around 
the city suggest basin amplifications commonly exceed a factor of 4 be-
tween 0.3 and 0.8 Hz. Each SW4 run took 5 hr on an Apple M1 laptop.

• These amplifications develop despite the thickness of low-velocity sedi-
ments below Reno rarely exceeding 1 km. 

Assessing Non-Ergodic Basin Amplification
• Results at 3 Hz (Fig. 3) indicate that there is a potential for widespread 

and highly variable ground shaking at modified Mercalli intensity (MMI) 
magnitudes between VII and VIII (very strong to severe ground shak-
ing), with some <1 km2 areas achieving violent (IX and X) motions.

• Distributions of high shaking are controlled by proximity to the rupture, 
geotechnical shear-wave velocity, topography; and significantly, basin 
geometry.

• Comparisons between SW4 peak ground velocity (PGV) computations, 
and PGV estimates calculated from the Campbell & Bozorgnia (2014) 
empirical ground-motion model (Fig. 4) emphasize the degree to which 
very thin basins may result in greater hazard than is currently predicted.

3 Hz ShakeOut Scenario Results

Figure 2. Average Reno-area basin Vs(z) profile developed by
Eckert et al. (2022).

Figure 3. PGV map for the M6.3 Reno ShakeOut Scenario computed to 3 Hz 
with SW4 by Eckert et al. (2022). Surface projection of the single realization of 
the Graves & Pitarka (2010) rupture area is the red rectangle. Diamonds show 
the locations of synthetics available in the BSSA article’s electronic supple-
ment. Shaded surface topography in background.

Figure 4. Basin-amplification PGV-ratio maps from Eckert et al. (2022), 
computed at 1 Hz (left), 2 Hz (center), and 3 Hz (right). The SW4 PGV 
map computed through the basins provided the numerator of the ratio, 
and the empirical Campbell & Bozorgnia (2014) equations provided the 
denominator. Shaded topography in background.

Figure 7. Fourier amplitude spectra com-
puted up to 0.74 Hz for stations RF05 
(basin, orange) and SWTP (rock, blue) for 
one of the small quakes. The spectral ratio 
of RF05 over SWTP is shown in gray, with 
a maximum of 6x. This is a fairly typical ex-
ample of a computed basin-amplification 
spectrum. Some station pairs show peak 
amplification factors of >10x.

Figure 6. Plots of the normalized geometric mean of basin amplification 
ratios vs. basin thickness for the 6 quakes. Error bars indicate the means 
+/- the standard deviations. There is some basin-thickness correlation to 
amplification in these low-frequency 0.74 Hz models.

Figure 5. (left) PGV maps before normaliza-
tion for six minor earthquakes in the Reno 
area. Station locations are black triangles; 
yellow stars are epicenters. (above) Non-er-
godic arithmetic average and standard devi-
ation of PGV maps after normalizing each 
quake’s magnitude to M3.9.

Reno Basin Velocities Measured to Basin Floor 
Deep refraction microtremor (ReMi) surveys by Pancha et al. (2017) and further work 
sponsored by USGS-NEHRP provide full details of shear-wave velocities in several 
Reno-area sub-basins to ~2.2 km/s basement at depths exceeding 1 km (Fig. 2).

The Reno ShakeOut Scenario to 3.125 Hz
The 3 Hz scenario uses a grid with a minimum spacing of 20 m with eight points per 
minimum wavelength to perform a full 3D simulation for one potential magnitude 6.3 
earthquake within the Mount Rose fault system. Fig. 1 shows the basin, topography, 
and geotechnical Vs30 models assembled for the computations, from regional data 
sources. Our calculations are limited to a minimum shear-wave velocity of 500 m/s.

To help explore this hazard, we used SW4 (Petersson & Sjögreen, 
2015, 2017), a physics-based wave-equation modeling tool from 
the Computational Infrastructure for Geodynamics, to develop:
• The Reno ShakeOut Scenario at <3.1 Hz; as well as
• A suite of non-ergodic scenarios at low frequency (<1 Hz).

Data and Methodology

Figure 1. Nevada ShakeZoning Reno-area basement topography
(left from Abbott & Louie, 2000) and geotechnical Vs30 (right) maps
used in the modeling, from Eckert et al. (2022). More on Nevada
ShakeZoning from sites.google.com/view/nevada-shake-zoning; on Calif.
& Nevada geotechnical measurements from sites.google.com/view/
vs-profile-archive.
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Depth, 
m

Average 
Vs, m/s

Slowness 
Standard 
Deviation

No. of 
Profile 
Meas.

0 335 24% 106
22 315 25% 68
59 483 28% 220

140 660 26% 239
247 865 21% 108
361 837 27% 62
448 1015 14% 31
545 1095 9% 26
698 1219 10% 12

• The Reno metropolitan area (located within the Truckee Mead-
ows in northern Nevada) is subject to significant earthquake risk.

• The risk primarily results from the city’s proximity to the Mount 
Rose fault system and the urban area’s presence within a large 
complex of thin (< 1 km thick) sedimentary sub-basins.

• Numerous paleoseismic studies have shown the Mount Rose 
fault system has a history of producing large M6-7 Holocene 
earthquakes. 

Reno’s Basin-Amplification Challenges
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