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ABSTRACT 

 The Center for Engineering Strong-Motion Data (CESMD), an internationally utilized joint center of the U.S. Geological 
Survey (USGS) and the California Geological Survey (CGS), provides a unified access point for earthquake strong-motion 
records and station metadata from the CGS California Strong-Motion Instrumentation Program (CSMIP), the USGS National 
Strong-Motion Project (NSMP), the USGS Advanced National Seismic System (ANSS), and other affiliates.  The CESMD 
works closely with ANSS and with the Consortium of Organizations for Strong-Motion Observation Systems (COSMOS) to 
engage with the strong-motion networks in the U.S. and other countries to receive, process, and provide records. We have 
recently developed new tools to facilitate access to strong-motion data and metadata for use in post-earthquake response and 
scientific research applications. The Center provides raw and processed strong-motion data via its Engineering Data Center 
(EDC) and the Virtual Data Center (VDC) web portals, currently hosting more than 60,000 records with peak ground 
accelerations greater than 0.1% g, from over 3,000 earthquakes. This short paper provides updates of the available strong-
motion data, station metadata, recent enhancements and developments of the tools, and applications that are made available to 
users for accessing strong-motion data. 
 

Introduction 
Established in 2007, the Center for Engineering Strong-Motion Data (CESMD) is a collaborative effort 
between the United States Geological Survey (USGS) National Strong-Motion Project (NSMP) and the 
California Geological Survey (CGS) California Strong-Motion Instrumentation Program (CSMIP) with the 
aim of collecting and disseminating strong-motion records of engineering interest for ground and structural 
response. Since its establishment, there have been numerous improvements to the Center aimed at accessibility 
of the increasing volume of available uploaded strong-motion data, leading to a substantial increase in the 
number of records downloaded from CESMD. Recent efforts include: 1) an initiative to merge the waveform 
databases at the Engineering Data Center (EDC) and Virtual Data Center (VDC); 2) new access options to 
station metadata, earthquake information, and strong-motion records via either the web interface or a web-
services client; 3) an interactive map interface to facilitate user visualization and access to earthquake, station, 
and record information; 4) development of a new web application tool for data conversion; 5) efforts to 
standardize the format of waveform records in the database; 6) a modernized compilation of seismic station 
site geology, measured or inferred shear-wave velocity in the upper 30 m (VS30) values, shear-wave profiles, 
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National Earthquake Hazard Reduction Program (NEHRP) site class, 7) a systematic review of the availability 
and accuracy of structure instrument deployment schematics; and 8) a special studies page with several 
research topic-specific ground motion datasets that offer uniform processing of records from a variety of 
sources. 
 

Strong-Motion Data 
The CESMD aims to provide raw and processed strong-motion waveforms with PGA values greater than 0.1%g 
for M3.0 earthquakes and larger in California and M4.0 and larger within the conterminous US, Hawaii, Puerto 
Rico, and Alaska. Datasets of interest to the engineering and geophysics communities, such as event sequences 
in areas of induced seismicity and significant global events, are processed and posted at CESMD when available 
through collaboration with the international strong-motion community. For California earthquakes, available 
strong-motion records are exchanged among the California Integrated Seismic Network (CISN) partners in near 
real time for automatic processing and dissemination. As data processing and dissemination approach full 
automation, more records are being added to the Center. Currently, new data are populated in the EDC at 
CESMD, while older records are available in the VDC.  There are over 37,500 records from 1700 earthquakes 
available in the EDC contributed by more than 64 networks (Fig. 1).   
 

 
    Figure 1.  A) Cumulative number of strong-motion records loaded by year in EDC, B) Pie chart showing 

the proportion of loaded records to EDC by network. 
 
In the last four years alone, the number of records added to the EDC is more than half of the total number of 
records in the EDC. This increase in uploaded data is due to change in policy to lower the threshold for posting 
from 0.5%g to 0.1%g, improvement in our automated system to handle large datasets, and the acquisition of 
strong-motion accelerometer data from US Advanced National Seismic System (ANSS) regional networks [1]. 
For non-California earthquakes, data are acquired, reviewed, and processed by NSMP and CSMIP and uploaded 
to CESMD.  As the traditional boundary between weak and strong ground motion records becomes blurred with 
modern seismic instrumentation and big data and machine learning technology, the CESMD is actively 
engaging in efforts aimed to host available waveform data above signal-to-noise thresholds to support a variety 
of earthquake engineering and event response applications [2]. 

 
Data Processing  
Raw strong-motion data received from CISN stations are automatically processed by the CSMIP’s Strong-
motion Automated Recovery and Analysis (SARA) System [3] to generate acceleration, velocity, and 
displacement time series, and spectral response acceleration and associated plots. In the contiguous US 
and its territories, the NSMP acquires, reviews, and processes strong-motion data using the USGS 



Processing and Review Interface for Strong-Motion Data (PRISM) software [4] for ANSS accelerometers.  
All data products are disseminated via CESMD for quick user access to post-earthquake evaluation and 
further analysis.  

Some of the stations operated by CISN record data both in real-time at 100 samples per second and 
using a triggered system at 200 samples per second. The CISN networks plan to replace the 100 sps real 
time data with 200 sps triggered data as a post-process step because in some cases the ground responses 
recorded by both systems may show significant amplitude differences, as shown in Fig. 2, due to 
differences in the sampling rate.   

 

 
Figure 2. 100 versus 200 sps record at station NP5230 for the April 2020 M4.9 Anza earthquake. 

 
Our real-time systems participate in Earthquake Early Warning (EEW) in addition to providing key 

waveform data to CESMD and parametric data to applications like ShakeMap [5-6]. The strong-motion 
data processing systems at USGS-NSMP and CGS-CSMIP compute spectral accelerations at 91 periods 
allowing the amplitudes to be used in future ShakeMap spectral acceleration maps at a range of periods of 
engineering interest. Strong-motion data time series in CESMD are currently provided in the seismic 
network format. However, providing data in a unified format would facilitate application of data. While 
some data conversion tools are made available at CESMD, an enhanced data conversion web application 
is currently under development for data conversion into user-friendly formats. 

 
Data Access Tools 

To facilitate the utilization of strong-motion data, the staff at USGS-NSMP and CGS-CSMIP have 
developed strong-motion data access tools for quick review that include the CESMD web-services URL 
builder, enhanced interactive maps with viewing and data download features, and ground motion versus 
distance plots. 
 
The Search Engine
The Search Engine is an interface providing access to strong-motion data, plot files, and a summary file 
containing parametric data. It has recently been enhanced to return results in a user-friendly map 
visualization (see the “Earthquake/Station Maps” tab at CESMD).  Users can download results of queries 
interactively using the “Download Event List” button.  
 
The Web-Services  
The CESMD web-services interface has event, station, and record web-services. In addition to the URL 
builder (Fig. 3), a standalone CESMD web-service client has been developed and made available in a 
GitHub repository for use as command-line tool to download waveform and parametric data in an 



automated manner. While there is a 200 record-per-download limit at a time to manage network bandwidth, 
the web-services allow users to download records and metadata grouped either by event or by station. 
 

 
      Figure 3. The CESMD event, station, and record web-services URL builder. 
 
Time-averaged shear-wave velocity of upper 30 m (VS30)  
CSMIP started to populate site geology information (i.e., surficial geology, Vs profiles, VS30, NEHRP site 
class) at CSMIP station sites to CESMD using information such as the NGA-West2 compilation [7]. 
Notably, CSMIP has recently completed VS30 measurements at 106 CSMIP ground station sites and VS30 

measurements of 100 additional CSMIP stations is also underway.  The direct VS30 measurements at CSMIP 
station sites combined with those obtained from geotechnical reports brings the number of stations with 
measured VS30 in the CESMD database to over 500 [10-12].  USGS has also recently embarked an effort to 
compile and/or infer near-surface site characteristics at all US ANSS accelerometer sites (over 5,200 
currently deployed or pre-existing stations) [8-9] that is expected to be loaded to CESMD station 
information pages soon. 
 

Special Studies 
The CESMD has recently added a special studies page to serve as a repository for research-specific data 
releases including synthetic data. The page provides to the scientific and the engineering communities with 
access to data compiled in research projects that studied one or more earthquakes. The special studies page 
currently has datasets from five research studies of earthquakes in Alaska, California, Hawaii, the Pacific 
Northwest, and Utah. 
 

Conclusions 
The CESMD provides raw and processed data along with other products to users shortly after an earthquake 
via its EDC and VDC web portals. To facilitate the dissemination and utilization of strong-motion records, 
and station metadata, enhancements, and new developments to the CESMD data access tools applications 
have been made. As the available number of waveform data and station metadata in CESMD grows 
significantly, it becomes critical to modernize the processing and data access tools. Some of the recent 
application developments in CESMD include web-services tools, enhanced map features, and ground motion 
plots. These enhancements and new developments ensure the fast access and increased utilization of strong-
motion data in CESMD, thus contributing to a variety of applications in post-earthquake emergency response 
and earthquake engineering research. 
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