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Introduction

Over the last decade, the Collaboratory of the Study of Earthquake Predictability (CSEP) has led numerous
prospective earthquake forecasting experiments (see, e.g., Michael & Werner, 2018). These experiments are
formally conducted within testing centers (Schorlemmer & Gerstenberger, 2007) that contain the software
required to autonomously run and evaluate earthquake forecasts. Such testing centers were installed at USC,
ERI, GNS, and ETH, covering a variety of testing regions, e.g. California, Japan, New Zealand, Ttaly, and a
global experiment. They are all operated by the same CSEP software stack as mainly developed at USC. The
software design emphasized a carefully controlled computing and software environment which ensured integrity
of testing results (Zechar et al., 2009). However, its monolithic design made it difficult for researchers to utilize
various routines in the testing centers in their own work without replicating the entire testing center
configuration on their own system. In addition, software was developed by a single developer, leading to
personnel risk and a lack of opportunities for others to contribute directly.

As a consequence, the CSEP group decided to fundamentally change the design paradigm of the CSEP software
to address these problems. The new software stack, formerly referred to as CSEP 2.0, is designed as a Python
toolbox (called pyCSEP) for easy use by modelers but also for the assembly of readily deployable fully-
reproducible earthquake forecasting experiments (see MS47). pyCSEP was designed to provide vetted methods
to evaluate earthquake forecasts that researchers can include directly in their research. The statistical tests and
tools to evaluate earthquake forecasts are required by all model developers, and greatly benefit from open-source
development practices by providing standardized, well-tested, and community-reviewed software tools. As of
now, pyCSEP has been used for three published articles (Bayona et al., 2020, 2022; Savran et al., 2020), and is
being used by several research groups participating in RISE and other projects.

pYyCSEP Overview

pyCSEP provides an open-source implementation of peer-reviewed statistical tests developed for evaluating
probabilistic earthquake forecasts (Rhoades et al., 2011; Savran et al., 2020; Schorlemmer et al., 2007; Werner et
al., 2011; Zechar et al., 2013). In addition, pyCSEP provides routines for working with earthquake catalogs and
visualizations. The core design of pyCSEP includes classes that represent earthquake forecasts, catalogs, and
various spatial regions, see Figure 1. Higher level functions are implemented using these classes to provide
routines for common tasks in evaluating earthquake forecasts.

Earthquake forecasts can either be specified as expected earthquake rates over discrete space-magnitude-time
regions (Schorlemmer et al., 2007) or as families of synthetic earthquake catalogs with each catalog representing
a realization from the underlying stochastic model (e.g., Savran et al., 2020). Earthquake catalogs are row-based
data sets that contain features of an earthquake. At a minimum, an earthquake must be defined by its
geographical location (latitude, longitude), origin time, and magnitude. In addition, pyCSEP provides classes for
working directly with forecasts from the Uniform California Earthquake Rupture Forecast with Epidemic-type
Aftershock Sequences Version 3 (Field et al., 2017). pyCSEP also provides classes for interacting with
earthquake catalogs and performing operations on them, such as filtering and binning events on the space-
magnitude grids needed for evaluation. pyCSEP includes numerous flexible plotting utilities that interface
directly with matplot1lib and Cartopy (Hunter, 2007; Met Office, 2010-2015), allowing users to quickly
visualize forecasts and test results, or to create publication-ready figures. Space-magnitude regions facilitate grid
operations that are necessary for evaluating earthquake forecasts. These objects model regular latitude, longitude
cells where earthquakes can be aggregated for evaluation and visualization purposes. pyCSEP provides pre-
defined spatial regions that have been used in previous experiments (Field, 2007; Taroni et al., 2018).
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Figure 1: pyCSEP class structure. Taken from Savran et al. (submitted)

pyCSEP interfaces directly with popular numerical and plotting libraries such as Numpy, matplot1lib, and
pandas (Harris et al., 2020; Hunter, 2007; McKinney, 2010). Users already familiar with these libraries can
adapt pyCSEP directly into their code. pyCSEP provides file-formats for forecasts and earthquake catalogs, and
can allow users to specify custom filetypes. Along with providing modelers with quickly deployable tools,
pyCSERP is flexible and powerful enough to become the backbone of future testing experiments, by abstracting
forecasts, tests, catalogs objects in a simple fashion. As open-source software, new forecasting experiments can
be easily implemented, shared and reproduced.

Parts of this text were taken from the first publication about pyCSEP (Savran et al., 2022). Another paper with a

more detailed description about pyCSEP has been submitted (Savran et al., submitted).

The pyCSEP source code can be obtained at:

https://github.com/SCECcode/pycsep

The Zenodo DOI is:

https://doi.orq/10.5281/zenodo.5659928

pyCSEP can be installed using pip or conda. Full installation instructions are found at:

https://docs.cseptesting.org/getting started/installing.html

The pyCSEP documentation with tutorials and examples can be found at:

https://docs.cseptesting.orqg/

pyCSEP is released under the BSD 3-Clause "New" or "Revised" License.
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