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Abstract

Who Contributed What?

Where and When did it Happen?

The USGS Earthquake Hazards Program provides information on potentially
damaging earthquakes to the public, including Operational Aftershock Forecasts
(OAF). The OAF system evaluates the chance of more earthquakes occurring in
the next day, week, month, and year following all M5+ earthquakes in the U.S.
and its territories1. OAF generates ~70 forecasts per sequence and ~5000
forecasts per year. Forecast information must be accurate because it is used by
emergency managers and infrastructure operators to make well-informed
decisions. The forecasts also help increase public awareness of potential
aftershock dangers, such as building damage. We are using R6 to create an
open-source package to help our team visualize earthquake sequences,
improve forecast models, and provide useful information to the public.

The new magnitude-time plots (Figure 2) showed inconsistent methods for
cataloging earthquakes during the 2021 M6.0 Antelope Valley sequence, such
as:
• Lower magnitudes were only being rounded by the Nevada network
• There was an offset between the magnitudes from each network,
specifically around magnitude 2

A map of aftershocks allows the OAF team to understand the geospatial context
for the sequence and adjust the search radius used to define the aftershock
region1.
Modifying the time period in the local map (Figure 4) can also show how many
foreshocks occurred, which may provide useful information for subsequent data
analysis.

Based on this information, the Northern California network is looking into
expanding their use of the local (ML) magnitudes to smaller earthquakes.

Visualizations and Interaction with R
Our R package pulls data from the Comprehensive Earthquake Catalog
(ComCat) with a flexible query function that allows the user to find earthquakes
of interest.
We use the R Shiny7 package to build an interactive web tool to display the
maps, plots, and tables generated by our R package. Leaflet8 is used to make
maps.
A global map shows all M5+ earthquakes with recent forecasts (Figure 1), popups let the user see basic info on each mainshock with a link to go to the
earthquake.usgs.gov event page, and each sequence can be selected for
further study with a click.

Figure 4: Local map of the 2021 M8.2 sequence near Perryville, Alaska. Each sequence
gets its own aftershock zone (red dash), and an expanded search radius (grey dash) is used
to ensure that all aftershocks are being accounted for.
Figure 2: Magnitude-index plot showing network by color and magnitude type by shape for
the 2021 M6.0 Antelope Valley sequence in California.

The web tool currently implements 4 additional visualizations:
• Magnitude-time plot showing source network and magnitude type
(Figure 2)
• Cumulative line plot comparing data to the model (Figure 3)
• Local map of a user-defined sequence (Figure 4)
• Magnitude-frequency plot of the aftershocks (Figure 5)

Want to see the web tool in action?

How Many Earthquakes of Each Magnitude?
Magnitude-frequency plots allow us to extrapolate to higher magnitudes by
comparing the ratio of large to small magnitudes.

1-Minute Lightning Talk: https://youtu.be/LTfKZm0lTRE
5-Minute Web Tool Demo: https://youtu.be/mzRHyG_AdeU

How Many Earthquakes?
The cumulative number plots compare the sequence data to a ReasenbergJones4 aftershock model. A good fit means that the model parameters correctly
capture the productivity and decay of a sequence. Forecasts for a sequence
start with a generic model, switch to a Bayesian model automatically, and
transition to a sequence-specific one if necessary.
The 2021 M8.2 Perryville, Alaska sequence (red line) in Figure 3 oscillates
around the model in a way that suggests a relatively good fit for this simple
model (red dotted).

Figure 5: Magnitude-frequency plot showing the calculated fit compared to the forecast for
the 2021 M8.2 Perryville, AK sequence.

Why is this Important?
Improving the plots helps seismologists understand complexities in the data,
evaluate the spatial region used for the forecast, and improve our ability to
communicate with the public and emergency managers. Comparing past
forecasts to observations will also help the OAF team improve their system and
maintain operational awareness.

Figure 1: Global map showing the M5+ earthquakes with aftershock forecasts that occurred
since Jan 1, 2018.

Emphasizing User Input
• R Shiny can find changes in default parameters and update graphics in
real-time
• Updates only happen if input data changes
• Analogous to manually changing the code’s variables and re-running an
individual line, but it’s automatic and much faster!

Future Work
Figure 3: Cumulative number of aftershocks since the M8.2 earthquake near Perryville,
Alaska, with the scatter plot of earthquakes included. Note that only earthquakes with
magnitudes greater than the blue magnitude of completeness (Mc(t))2,3,5 line are used to
increment the cumulative data line (red line) and compute the model (red dotted line).

The next step is to study the success of the forecasts, which will be
incorporated into the web tool. The forecast success plots will compare the
forecasts with the observations for both individual sequences and integrated
across multiple sequences.

References

Acknowledgements

1Michael

et al. (2019) Statistical Seismology and Communication of the USGS Operational Aftershock Forecasts for the 30 November 2018 Mw 7.1 Anchorage, Alaska,
Earthquake, Seismological Research Letters 91(1): 153-173.
2Page et al. (2016) Three Ingredients for Improved Global Aftershock Forecasts: Tectonic Region, Time‐Dependent Catalog Incompleteness, and Intersequence Variability, Bulletin of the
Seismological Society of America 106(5): 2290-2301.
3Hardebeck et al. (2018) Updated California aftershock parameters, Seismol. Res. Lett. 90, 262–270, doi: 10.1785/0220180240.
4Reasenberg and Jones (1989) Earthquake hazard after a mainshock in California, Science 243(4895): 1173-1176.
5Helmstetter BSSA (2006) Comparison of short-term and time-independent earthquake forecast models for southern California, Bull. Seismol. Soc. Am. 96, 90–106.
6R Core Team (2020) R: A language and environment for statistical computing.
7Chang, W. et al. (2021) Shiny: Web Application Framework for R. R package version 1.6.0. https://CRAN.R-project.org/package=shiny
8Chang, J. et al. (2021) Leaflet: Create Interactive Web Maps with the JavaScript ‘Leaflet’ Library. R package version 2.0.4.1.
https://CRAN.R-project.org/package=leaflet

We would like to acknowledge Michael Barall, Jeanne Hardebeck,
Ruth Harris, Andrea Llenos, Sara McBride, Morgan Page, Max
Schneider, Nicholas van der Elst, and Anne Wein for helpful
discussions.

