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The Earth’s interconnected and dynamical systems oper-
ate on a spectrum of time scales from millions of years to
fractions of a second. Although the evolution of the

Earth and its deep interior are beyond the time span of human
observations, understanding of many natural phenomena oper-
ating on human time scales has benefited from direct scientific
observation. Continuous processes and those that are repeated
over time shape the environment we live in. As we are faced with
unprecedented changes to climate, understanding the deeper
patterns and trends in natural systems through time has taken
on new importance (Research Data Alliance, 2019). The call to
reuse data is driven not only by economics but also by the rec-
ognition of their uniqueness (observations of natural systems are
not repeatable) and scientific value in enhancing current under-
standings as well as potential new discoveries especially in the
era of big data. These data are part of the historical record and
our scientific heritage (American Geophysical Union, 2019) not
only in explicitly recording earth observations but implicitly
recording, and thus providing the evidence that addresses the
manner in which science was conducted.

Recorded observations of ground motion began with the
advent of the instrumental era of seismology in the late
1800s. Data began to be systematically collected in the early
part of the twentieth century, evolving into today’s system
of regional and worldwide networks. The digital and
Internet revolution in the late part of the twentieth and early
twenty-first century ushered in the current era of continuously
recorded, digital data. Federated repositories quickly followed,
easing the barrier of access to high-quality, digital time series
data. With these data, the scientific community has developed
new techniques and continues to discover new phenomena
that reveal themselves as seismic moment, enhancing our
understanding of the relationships among diverse Earth sys-
tems. However, digital data only capture a fraction of the
observations in the instrumental era (Ishii, 2018). A better pic-
ture of phenomena such as the earthquake cycle, magmatic
systems, and the solid earth’s response to climate change
can be drawn by incorporating more observations from the
historic record. The emerging use of machine learning in
the geosciences shows future promise in finding signal and pat-
terns—extracting previously unrecognized features in big data

(Kong et al., 2018). Analog seismograms are an untapped
resource.

To be available to modern research techniques, the analog
data must be accessible in digital form. These data are often kept
in remote locations and not under archival condition leading to
the physical deterioration and, hence, loss of some records.
Adding to the sense of urgency is the lack of institutional will
to maintain these resources and the retirement of a generation of
scientists who used the data from these instruments. This
knowledge represents significant institutional memory of how
to properly interpret and analyze these data, as well as about
the body of the resource itself that must be captured.

Preservation efforts are underway at a limited number of
institutions worldwide. Digital preservation efforts of historical
Italian and European seismograms through the Istituto
Nazionale di Geofisica e Vulcanologia SISMOS and EuroSeismos
(Ferrari and Pino, 2003) projects, Japan (Murotani et al., 2020),
and HRV (Ishii et al., 2015) provide leadership in best practices
in conservation, imaging, and vectorization (see Data and
Resources for links to these data). These efforts, however, have
proceeded with little community discussion on standards and
how the collections can explicitly meet Findable, Accessible,
Interoperable, and Reusuable (FAIR) data principles. (Wilkinson
et al., 2016). That these data be FAIR provides guidance for
data management and stewardship in the modern digital eco-
system. Guidelines must also be supplemented with domain
requirements and leverage existing standards and infrastruc-
ture. Seismology has a rich history of sharing and has estab-
lished good data management practices in the federation of
its natively digital data. However, it is generally acknowledged
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that analog data, for example, paper, micro (fische, film, chip),
and frequency modulation tapes represent a different chal-
lenge. Hence, organization and discovery are necessary proc-
esses toward making these data FAIR compliant.

In response to this pressing need, a workshop was held 18–
19 September 2019 in Albuquerque, New Mexico, on Securing
Legacy Data to Enable Future Discoveries. This international
workshop addressed two broad needs of the community in
discussing the framework for preservation of longitudinal seis-
mic data and creating interdisciplinary connections to facilitate
its management, use, and access. Participants identified eight
community needs to advance these goals:

Analog Holdings Catalog. Create an inventory of analog
seismic data holdings to identify current resources, connect
potential users to resources, and aid in metadata discovery.

Publications Database. Create a database of research pub-
lications that use analog data as a resource to other researchers,
inspire new studies, and to demonstrate the need to preserve
these data.

Metadata Standards. Begin work on creating FAIR compliant
metadata standards to enable federated discovery and access.

Pilot Project. Identify existing repositories to pilot federated
data search and access utilizing proposed metadata standards,
and retrieval of multiple data and metadata types.

Future Research. Identify strategies to enable future research
through open source and standardization of both data and soft-
ware and targeted campaigns with specific research objectives.

New Technologies. Identify enabling technologies to reduce
human intervention in the end-to-end process of creating
research-ready, time series data.

Other Communities. Attract a broader scientific community
to apply seismological data in nontraditional research domains
and communities with similar needs in preserving analog time
series data.

Outreach. Create a larger community of users through out-
reach at all career levels.

The vision outlined previously is to create a community and
the infrastructure necessary to enhance the preservation, access,
and usage of analog seismic data. Knowledge of this resource is
essential in describing current holdings and identifying themeta-
data necessary to find data and make them available to modern
research techniques. Lowering the barriers to usage includes eas-
ing access and creating the tools necessary to transform the data
to digital forms, whether as scanned images or a digital time
series, in making them accessible to modern seismic analysis
methods. Building a community of users includes inspiring early
career researchers through an National Science Foundation
Research Experiences for Undergraduates program, leading spe-
cial sessions at professional meetings on research uses, volunteer-
ing to be an Editor of a special issue, or teaching workshops on
tools and methods. Only good stewardship by the community

will secure these primary observations for future generations
and preserve our scientific heritage. We invite you to join the
effort to safeguard this resource and make it FAIR for current
and future generations of earth scientists.

Data and Resources
Information on obtaining historical seismograms from the
EuroSeismos and SISMOS project can be found using the following
link: http://sismos.ingv.it/. Seismograms from, and more information
about, the HRV Seismogram Archival Project can be found at http://
www.seismology.harvard.edu/HRV/archive.html. A list of scanned
images of three stations in the Wakayama, Japan, microearthquake
network can be accessed at http://wwweic.eri.u-tokyo.ac.jp/; addi-
tional seismograms archived at the Earthquake Research Institute,
University of Tokyo, are in the process of being scanned. All websites
were last accessed January 2020.
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