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• Emergency response after a large earthquake depends on accurate and 
rapid assessment of ground motion and damage
• ShakeMap (USGS) is the current leading tool for this task
• ShakeMap uses a combination of ground motion records and GMPEs
• The current version of ShakeMap is fast and computationally inexpensive
• However, the value of ShakeMap ground motion maps depends on the 

density of stations and accuracy of the GMPEs
• Also, power outages/station malfunction may limit record availability
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What is ShakeMap
ShakeMap, developed by the U.S. Geological Survey, is an important tool used to
assess the extent of ground motions after an earthquake, which can be used for
loss estimation, public information, and emergency management e↵orts. Thus, the
more accurately the ground shaking and damage can be captured by ShakeMap,
the more e↵ectively it can be used in these e↵orts. ShakeMap uses a variety of
ground motion metrics, including peak ground velocity/acceleration (PGV/PGA),
peak spectral acceleration (PSA) at 0.3/1/3 sec period, and DYFI (’Did You Feel
It?’), combined with Ground Motion Prediction Equation (GMPE) results where
data is sparse.

Objectives and Methods

We test whether the current deployment of seismic sensors (and subsets thereof in case of malfunctioning) accurately captures the ground motion patterns for large
plausible scenario earthquakes in three seismically active U.S. regions (southern California - M7.8 San Andreas event, the Pacific Northwest - M9.0 Megathrust, and the
Salt Lake Valley - M7.0 Wasatch Fault event).

We calculated Modified Mercalli intensity (Imm) from simulations using empirical equations given in Wald et al.1999 then made ”real” data at station using Imm and/or
PGV/PGA/PSA data at nearby grid nodes. For large earthquakes, ShakeMap preferentially uses PGV, then PGA, and at last PSA by weighting them diminishingly, so
PGV will be the major data source. The data, e.g. PGA, may provide high-frequency information, which is a challenge for ShakeMap to represent. Our test therefore
use di↵erent kinds of data at various numbers of stations as input to compare with simulation results.
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Southern California

The most populated areas of southern California contain some of the densest seismic networks. Here, we sample a dynamic rupture simulation of a M7.8 scenario on
the southern San Andreas fault (SAF, ’ShakeOut’) at 980 current station locations (operated by California Division of Mines and Geology (CDMG) and U.S. Geological
Survey (USGS) and so forth). We construct the resulting ShakeMap using the moment and fault geometry used to generate the scenario.
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Figure 1: Comparison of ’true’ ground motion distribution from the M7.8 ShakeOut scenario (left) and ShakeMap approximations with 100%, 20% and 0(8%) network coverage from left to right.
Black line marks the SAF, triangles are stations.

Figure 1 shows that ShakeMap is able to reproduce the major features in the simulated ground motions for a M7.8 earthquake scenario on the southern San Andreas
fault, particularly including wave-guide e↵ects near the Los Angeles basin using the current network of stations (We used 529 stations across the LA basin, see the
second figure in the second row). The ability to catch the waveguide e↵ect and this result is maintained even when up to 80% of randomly selected stations are disabled
(simulating malfunction) in the LA basin, while we can barely see this e↵ect if there are nearly no stations. See the lost column of non-station/GMPE-only result in
southern California and only 42 (8%) in LA basin, where we cannot find clear site amplification e↵ect away from the fault.

Conclusion

While the seismic station distribution in seismically active locations in the US pro-
vide a wealth of data that are used to generate ShakeMaps after an earthquake, in-
strumentation gaps are present. In order to generate ShakeMaps for regions under-
represented by stations, Ground Motion Prediction Equations (GMPEs) are cur-
rently used to fill in the gaps. However, GMPEs introduce a great deal of uncertainty
into the ShakeMap due to their smooth nature. Here, we use ”data” extracted from
high-resolution dynamic rupture-based simulations of large earthquakes in selected
areas to test the performance of ShakeMap and the ability of the current networks

to reproduce detailed shaking patterns.
In general, ShakeMap can reproduce the ground motion intensity for large scenario
earthquakes on the San Andreas fault in the most populated areas of southern Cal-
ifornia, Cascadia, and the Salt Lake Valley. This result was obtained using data
from current networks, and even when decimated to 20 - 40% coverage in case of
malfunction, depending on initial station density. Specifically, ShakeMap shows poor
resolution given zero station coverage, which means real data is crucial for ShakeMap
in practical application.

Pacific Northwest

We tested the current seismic networks in the the Pacific Northwest region for a
3D simulation of a M9.0 Megathrust scenario (Olsen et al., 2008). Our results
show that both the current (100% coverage) and more than 40% coverage are
able to reproduce the main features of the ground motion for the most densely
populated areas, while in the case that all stations are damaged ShakeMap shows
a smoothly decreasing pattern of intensity with distance to the fault, providing
little information.
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Figure 2: ShakeMap approximations of a M9.0 megathrust scenario. (top row) Comparison of
’true’ ground motion distribution from a M9.0 megathrust scenario (left) and ShakeMap approx-
imations with 229 (100%) stations, as well as regional population distribution. (the second row)
ShakeMap approximations with 60/40/0 % randomly selected stations. (last two rows) Focusing
on Portland, Seattle and Vancouver, upper is ShakeMap and below simulation.

Among three metropolitan areas at similar distances to the Cascadia subduction
zone, Seattle experiences higher amplification in this scenario, probably due to
sediment basin e↵ect. Modified Mercalli intensity reaches 7 at Seattle, compared
with about 6 and 5 near Portland and Vancouver, separately. Note that increase
of stations contributes significantly to reproduce ground motion where stations are
sparse (particularly along the coastline, from 40% to 60% stations), while even a
larger 60% to 100% stations increase show less improvement close to big cities,
where station coverage is denser.

The Salt Lake Valley

We ran both linear and non-linear dynamic simulations of M 7.0 earthquaks son the Wasatch Fault in the Salt Lake Valley. In the neighborhood of such a large
earthquake, most parts of Salt Lake City experience violent ground motion, which is well presented by ShakeMap with 41 local stations. We also test ShakeMap’s
performance in rather small area (Figure 3-E, 3-F), which shows the limits of resolution of ShakeMap that scattered shakings do not show in ShakeMap.

A scenario 2a (non-linear simulation) ShakeMap B scenario 6c (non-linear simulation) ShakeMap

C scenario 2a (non-linear simulation) ShakeMap D scenario 6c (non-linear simulation) ShakeMap

E, scenario 2a (non-linear simulation) ShakeMap F scenario 2a (linear simulation) ShakeMap

Figure 3: Comparison between (non-)linear simulations with ShakeMap. A-D shows four scenarios (2a, 6c, 2a’, 3a respectively) in Roten et al, (2011,2012). E and F show results of scenario 2a at a
10*10km scale centered at downtown, Salt Lake City. Blue star marks the hypocenter, black line the fault, and cyan square is the Utah Temple Square.

For large earthquakes, ShakeMap preferentially uses PGV data and PGVs therefore basically determine intensities. Here we use PGA only as the input for ShakeMap in
two non-linear simulated scenarios. ShakeMap still shows good match with the shakeout patterns, though no better than scenarios using PGV (See the upper left corner
in Figure 3-C and 3-D). Figure 3-E and 3-F might suggest using higher resolution in ShakeMap to cover very small regions, however, it is probably not worthwhile to do
so, because of interpolations used in ShakeMap and seldom situations where station density is able to support that high resolution.

3D ShakeOut
simulation

ShakeMap based on 3D ShakeOut simulation with various levels of  
data available)



Time Table (?)
0 min Earthquake occurs.

0-10 min Source parameters are collected from the internet.

10 min-4h Existing jobs cleared on computational platform. Finite 
fault representation generated and interfaced with CVM 
and AWP-ODC. Simulation carried out.

4h-4.5h Intensity metrics - peak ground velocities (PGVs) and 
instrumental intensities are extracted, and the 
ShakeMap posted for public use.

>4.5h As more detailed source parameters become available, 
the simulation and ShakeMap will be revised.



Summary

• Development needed: workflows for pre- and post-processing 
• Establishment of system policies to enable on-demand (urgent) 

simulations in supercomputers
• Service operation with dedicated nodes (at SDSC?)
• Possibility for SCEC/SDSC to get funding and credit for improved 

emergency response
• This project goes beyond ‘improving existing research’ – NEW stuff!
• Rapid communication of earthquake information


