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Summary
Continuous seismic monitoring of subsurface temperature, hydrology, and soil mechanics changes driven by
weather events and climate-change (i.e., heavy rainfall and drought) could provide essential understanding
of Earth’s surface and subsurface systems in urban areas. However, long-term continuous seismic monitoring
remains challenging. We describe the Fiber-Optic foR Environmental SEnsEing (FORESEE) project at
Pennsylvania State University, the first continuous monitoring DAS array in the Eastern US. This array
is made of nearly 5 km of pre-existing dark telecommunications fiber underneath the campus. A major
thrust of this experiment is studying urban hydrological systems through near-surface geophysical methods.
We have observed a wide variety of seismic sources: earthquakes, thunderstorms, vehicles, music concerts,
and walking steps. We have obtained preliminary results towards near-surface imaging with ambient noise
interferometry, which requires careful preprocessing in the presence of coherent noise. Further, we address
the issue of managing large quantities of seismic data by investigating lossy wavelet compression.
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Figure 1: Throughout campus, the array has detected a wide variety of seismic signals from both natural
and anthropogenic sources. (a) Penn State fiber-optic distributed acoustic sensing (DAS) array map. Red
dots indicate our tap test locations. Five channel numbers are listed. (b) P and S waves from the Peru M
8.0 earthquake were detected throughout the array on May 26, 2019. (c) Lightning during a thunderstorm
causes ground motion throughout the array on Apr. 15, 2019. (d) The log amplitude spectrogram at channel
140 during the Movin’ On concert shows clear bass rhythms. (e) The array detects walkers in a quiet part of
campus. Red arrows highlight a bus stopping, multiple walkers getting off, then two walkers crossing paths.

Introduction
Real-time monitoring of urban subsurface environmental systems responses to external forces (e.g., extreme
weather) is crucial to estimating risks for the growing number of people living in cities and to designing
appropriate strategies to reduce their vulnerability. However, neither temporary nor permanent sensors to
monitor the subsurface have been deployed extensively in urban areas. In some cities there is very limited
monitoring of flows and leakage in storm or sanitary sewer systems, but not of soils. This is because conven-
tional monitoring methods require dense arrays which are rarely feasible in urban areas due to permitting
and cost constraints. Fiber-optic sensing provides an opportunity to leverage existing telecommunications
infrastructure for additional subsurface environmental sensing with a single optoelectronic interrogator unit,
particularly Distributed Acoustic Sensing (DAS). There have been several DAS experiments in California



which piggy-backed on existing telecommucations infrastructure (Lindsey et al., 2017; Ajo-Franklin et al.,
2019; Yu et al., 2019). At the Stanford Fiber Optic Seismic Observatory, seasonal near-surface velocity
variations were investigated, but significant variations were not found (Martin and Biondi, 2018).

Here we describe the FORESEE project at Pennsylvania State University, the first continuous monitor-
ing DAS array in the Eastern US. It spans nearly 5 km of pre-existing dark telecommunications fiber. The
location of this busy college campus in the Allegheny Mountains, a region experiencing strong seasonal vari-
ations and occasional flooding, yields a new opportunity to study urban hydrological systems and potential
geohazards via near-surface geophysical methods, and this is the first DAS array focused on these problems.
Experiment Overview
We have been acquiring data along one strand of a pre-existing fiber-optic cable underneath the campus
since 5 April 2019. The existing cables (initially installed for communications) were directly lying in concrete
conduits at a depth of about 1 m. We used a Silixa iDAS2 interrogator unit, which is connected to one end
of the fiber using an E2000 APC connector. The DAS array makes continuous strain rate measurements at
a 500 Hz sampling frequency with a 10 m gauge length along the fiber. The channel spacing is 2 m. This
results in 2137 channels (sensors) over 4274 m. This yields 196 gigabytes of data per day. The locations for
2137 channels are determined from tap tests (114 locations, each with 6 repeated weight drops), as shown
in Figure 1a. This abstract outlines preliminary results of the first four months of recording.
Results
Our aim with this array is to perform passive near-surface monitoring and imaging. That is, both using
isolated sources that are passively recorded, and using ambient seismic noise interferometry. The first step
in both types of passive imaging is characterization of nearby noise sources. We have recorded a wide variety
of natural and anthropogenic sources of seismic vibrations throughout the array.

We have detected several earthquakes, including a small (M1.4) regional earthquake and a teleseismic
earthquake (M8.0 in Peru) pictured in Figure 1b. Because there is little seismic activity in the Eastern
US, there are few local earthquakes with high frequency content to use for high-resolution or near-surface
imaging. Thus we are motivated to look for alternative seismic energy sources for imaging. During a storm
on 15 April 2019 we recorded clear signals throughout the array from dozens of lightning strikes, several
of which are pictured in Figure 1c. Previous similarly-installed DAS arrays have not detected such signals
because thunder is rare in the Western US. We were able to image the source locations and verify these
strike locations against the National Lightning Detection Network (Zhu and Stensrud, 2019).

In addition to natural signals, we have detected man-made signals including many vehicles, a concert,
and walkers. Concerts have previously been detected by broadband seismometers (Dı́az et al., 2017), but
we were surprised to see a clear bass rhythm in Figure 1d because of the lack of air wave in a similar DAS
array (Martin et al., 2017). Array-wide spectral analysis shows bass signals clearly detected over 700 meters
away. An urban DAS array could potentially serve multiple purposes, and should be further investigated
for monitoring noise pollution or gunshot location. Another surprising source of anthropogenic energy was
walkers along a quiet mall on campus. We verified the walker interpretation based on speed ( 1.4 m/s),
the location of channels along a sidewalk, and conducting an experiment (pictured in Figure 1e) in which a
walker passes multiple pedestrians in the opposite direction. Walkers have been observed by arrays deployed
in more remote locations, but this is the first reported walker detection at an urban telecommunications
installation. Techniques to automatically mute walking signals are an area of ongoing research.

Ambient noise interferometry can use a diffuse wavefield to estimate the wave equation Green’s function
between sensors. Combined with dense spatial sampling provided by DAS, we aim to detect near-surface
elasticity spatiotemporal variations. A critical aspect of our workflow at this populated site is removing
coherent noise. We have calculated virtual shot gathers from noise correlation functions over 5 nights of
data in a quieter area of campus, and are continuing to automate the processing workflow. A further
challenge is that ambient noise interferometry requires significant data movement, making it particularly
expensive for many-sensor arrays. Thus, we have investigated using lossy wavelet compression, and have
found that cross-correlations of compressed data preserve the major features from uncompressed data.
Discussion
Since 5 April 2019 we have recorded seismic data on dark fiber underneath the Pennsylvania State University
campus. We have detected many natural and anthropogenic signals, several of which were not previously
observed on similarly installed fiber arrays. We continue to develop scalable, automated techniques for
ambient noise interferometry imaging to understand urban hydrological systems.
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