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ABSTRACT 
 The real-time and scenario products of the U.S. Geological Survey (USGS) Earthquake Hazards Program, such as the ComCat catalog, 

Did You Feel It? (DYFI?), ShakeMap, ShakeCast, and PAGER, are highly visible and used by a variety of stakeholders. We propose 
two noteworthy enhancements to the development pipelines for the Earthquake Hazards Program real-time and scenario products that 
have far-reaching benefits. First, we propose incorporating processed ground-motion records into the data streams for real-time products. 
This could increase reproducibility and transparency for ShakeMap and downstream products that serve critical functions in earthquake 
response and research. It could also provide comprehensive, open access databases of ground-motion intensity measures and time 
histories that are fundamental tools in most engineering seismology studies. Second, we propose extending the pipeline for scenario 
products to fully complement the real-time pipeline. This could also define a comprehensive set of standards for archiving scenarios, 
including three-dimensional (3D) ground-motion simulations, and allow the suite of scenario products to be disseminated in the same 
way as real-time products. These enhancements would increase the value of important Earthquake Hazards Program products and 
transform the way USGS scientists and the engineering seismology community conduct ground-motion research. 
 

Incorporating Ground-Motion Records into the Pipeline for Real-Time Products 
Linking instrumental intensities in ShakeMap directly to processed, openly accessible ground-motion records will lead 
to substantial, long-term improvements in real-time products and will facilitate engineering seismology research. Fig. 
1 depicts schematically the addition of ground-motion records into the pipeline for real-time products. Currently, the 
data streams for ground-motion metrics used in ShakeMap are not directly associated with ground-motion records. 
That is, the shaking intensities in ShakeMap are not directly linked to a ground-motion record in a database; the 
collection, processing, and archiving of ground-motion records is done independently. This makes quality control for 
ShakeMap difficult and impedes reproducibility. The solution is to tie the real-time data streams for ShakeMap to 
processed ground-motion records. This can be done in the minutes, hours, or even days after an earthquake. Our goal 
is to make raw and processed ground-motion records for every instrumentally derived ground-motion metric used in 
ShakeMap easily accessible. This would allow verification of ground-motion metrics from real-time data streams. 
Additionally, ShakeMap and downstream products can be easily updated in the future from the ground-motion records 
using new algorithms or additional parameters. For example, current ShakeMaps include acceleration response spectra 
at 0.1, 1.0, and 3.0 seconds; adding additional periods or metrics is straightforward if all corresponding ground-motion 
records are readily available. 
 Linking instrumental intensities to ground-motion records would also permit more sophisticated analysis of ground 
shaking within the USGS earthquake event web pages. Adding plots of the ground-motion records to earthquake event 
web pages as well as links within the ShakeMap display tools would allow users to quickly identify locations on a map 
with anomalous ground shaking and view the corresponding ground-motion time histories, response spectra, and 
distance-attenuation plots. As an example, in Fig. 2 we illustrate how the popup dialog for a ShakeMap station on the 
interactive map on an earthquake event web page could include the ground-motion time histories and response spectra 
in the “Details” section. 
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Figure 1.    Diagram of proposed pipeline for USGS Earthquake Hazards Program real-time products for an 

earthquake in the United States. Green arrows indicate data flow, purple arrows indicate product flow, 
and dashed arrows indicate flow to and from optional products. Incorporating ground-motion (GM) 
records (red box) into the pipeline would facilitate quality control, reproducibility, and future updates for 
ShakeMap, while also providing comprehensive, open databases of ground-motion metrics and time 
histories critical for engineering seismology research. 

 
 

 
Figure 2.    Screenshot of interactive map for the 18 March 2020 M5.7 Magna, UT, earthquake from the USGS event 

web page [1] with seismic stations, DYFI ShakeMap stations, and DYFI geocoded grid. The popup 
dialog window shows the information for seismic station LKC. The inset in the lower left corner 
illustrates some of the additional information (acceleration and velocity time histories and response 
spectra) that we propose to include in the “Details” section of the station dialog window. 
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The ground-motion records and metrics processed and computed within minutes to hours of each earthquake and added 
to databases would immediately become available for research and engineering analyses. This would yield a 
continuously updated, comprehensive data set of ground-motion records that is openly accessible through web 
services. We envision web services that are tailored to the needs of the broad community, including engineering 
seismologists and practicing engineers, and potentially involving different processing workflows tailored to each 
application. Providing a comprehensive, openly accessible central repository would reduce duplicative efforts of 
multiple groups processing the same data for use in similar or different studies. These data are fundamental to most 
engineering seismology research studies. For example, development and analysis of ground-motion models for the 
seismic hazard assessment and development of ground-failure and loss models rely on comprehensive databases of 
ground-motion metrics. The scope of this data processing would include lower amplitude motions than traditional 
strong-motion databases, resulting in greater spatial coverage; this is essential for reducing uncertainty in ground-
motion models. The comprehensive set of accompanying ground-motion records would accelerate development of 
new ground-motion simulation methods (especially machine learning approaches) and improvement of high-
resolution, regional 3D seismic velocity models using full-waveform inversions.  
 
Challenges 
Realizing this vision does not come without challenges. In cooperation with regional seismic networks, the USGS 
aims to produce ShakeMaps for earthquakes with magnitudes greater than 3.0–3.5 over much of the United States. 
Collecting and processing the ground-motion records for all stations contributing to the instrumental intensities for 
these ShakeMaps would potentially involve processing tens of thousands of ground-motion records annually, so the 
ground-motion processing software must be robust with automated quality control. We believe currently available data 
processing algorithms are robust and mature enough to meet this demand; cloud computing and parallel processing 
can minimize the computational burden and facilitate dissemination through web services. Backfilling the archive for 
past earthquakes would be limited by the availability of ground-motion waveforms in existing archives. We would 
leverage experience from other organizations disseminating similar data using advanced archiving and delivery 
mechanisms, such as the Observatories and Research Facilities for European Seismology (ORFEUS) [2]. The Center 
for Engineering Strong Motion Data (CESMD) [3,4] already provide access to the strong-motion records recorded as 
part of the USGS Advanced National Seismic System, which includes USGS and USGS-affiliated networks. While 
additional development of the CESMD is needed to realize this vision, the benefits of broadening the range of available 
ground-motion data motivate expanding the capabilities and waveform access at the CESMD.   
 

Expanding the Pipeline for Scenario Products 
Several research groups within the USGS Earthquake Hazards Program and external partners have developed 
earthquake scenarios with varying levels of detail and different products. We propose further developing the current 
pipeline for scenario products so that is more complementary to the pipeline for real-time products. This would involve 
adding the Ground Failure product [5], improving the Finite Fault product, and incorporating synthetic ground-motion 
time histories into the data stream (see Fig. 3). Scenario products would be disseminated in the same way as real-time 
products, though without the usual notifications. A further improvement could include triggering these products in a 
quasi-operational mode so that they could be used during scenario exercises such as the National Level Exercises in 
near-real time. In the past, we have done so manually, but that required considerable coordination efforts. We have 
also successfully triggered “Did You Feel It?” for use by exercise participants, another enhancement that could be 
automated. 
 Currently, most scenario products available through the Earthquake Hazards Program website have been generated 
using empirical ground-motion models, with only a small number of scenario products from 3D ground-motion 
simulations. Several additional earthquake scenarios computed using 3D ground-motion simulations exist, but their 
output has not been used to produce standard scenario products. This is a result of both a lack of standards for synthetic 
ground-motion time histories and ground-motion records not directly being included in the data stream feeding into 
standard products (ShakeMap). 
 We could leverage the addition of ground-motion records to the data stream for real-time products to establish a 
similar data stream for scenario products. This would require developing standards for dense output of synthetic 



ground-motion time series, such as on the ground surface. Additionally, the Finite Fault product would need updating 
to capture the detailed information in synthetic rupture models. The data requirements for the various scenario products 
and their interfaces leveraged from the real-time pipeline would help define the standards for archiving ground-motion 
simulations and make it easy to generate downstream scenario products. 
 
 

 
Figure 3.    Diagram of proposed pipeline for Earthquake Hazards Program scenario products. Green arrows indicate 
data flow, purple arrows indicate product flow, and dashed arrows indicate flow to and from optional products. 
Additions include the Ground Failure product (red label), which is currently part of the real-time products pipeline, 
and incorporating synthetic ground-motion time histories (red box). These changes would facilitate generation of a 
standard suite of scenario products consistent with real-time products. 
 
Challenges 
Establishing standards for earthquake rupture models and spatially dense ground-motion time histories will not be 
easy, and converting legacy data from existing scenarios will require significantly more effort. We anticipate standards 
will emerge from community efforts to address the long-standing problem of how to archive and disseminate synthetic 
ground motions. Additionally, we will need to establish validation standards for ground-motion simulations. 
Community efforts to develop guidelines for validating ground-motion simulations for a variety of applications (for 
example, the Southern California Earthquake Center (SCEC) Broadband Simulation Platform [6] and the Ground-
Motion Simulation Validation (GMSV) Technical Activity Group [7]) already exist and are receiving renewed 
attention. 
 

Conclusions 
 We propose two significant enhancements to the pipelines for the Earthquake Hazards Program real-time and scenario 

products. Incorporating processed ground-motion records into the data streams for real-time products would increase 
reproducibility and transparency in ShakeMap and downstream products that serve critical functions in earthquake 
response. Furthermore, we propose improving access to these data streams through web services to provide the 
engineering seismology community the critical tools they need for their research. We also propose working with the 
broad community to develop standards for archiving and validating ground-motion simulations to allow a full set of 
complementary scenario products to the real-time pipeline. These enhancements would increase the value of important 
Earthquake Hazards Program products and pave the way for significant advances in ground-motion research. 
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