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Abstract Large-scale cultural events such as sports games and music concerts are known to cause lo-
calised seismic excitation. In this paper we investigate whether a comparable far-field ‘quietening’ could be
observed during Superbowl LX (February 8,2026) in the city of Seattle, hometown of the Seattle Seahawks, as
people stayed indoors to watch the game. We find that a number of stations in metropolitan Seattle and other
urban or semi-urban areas of Washington state experienced their quietest Sunday afternoon in the last year
in some or all of the 1-40 Hz frequency band which we examined. Comparable behaviour is not identified at
stationsin uninhabited areas of Washington. These results support the hypothesis that at least parts of Seattle
and the wider state were comparatively ‘silent’ during Superbowl LX.

Non-technical summary During asports game or concert, fans celebrating in a stadium may pro-
duce ‘human earthquakes’ that can be detected locally. This has been known for some time. However, very
little work has been done on exploring whether such cultural events also have a seismic impact far from the
stadium; i.e. whether people avoid noisy activities such as driving to watch the game. We analyse seismic
data from Seattle and other areas of Washington state during Superbowl LX on February 8, 2026. We find that
a number of stations, especially in metropolitan Seattle and Spokane, experience their quietest Sunday in the
last year in some frequency bands. This supports our hypothesis that significant cultural events can in fact
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have a seismic impact far from their origin.

1 Introduction

It is well-accepted that cultural activities often have
a seismic impact. In particular, large stadium-based
gatherings such as sport games and music concerts
have been shown to produce appreciable increases in
recorded seismicity (Malone et al., 2015; Diaz et al.,
2017; Caplan-Auerbach et al., 2023; Yabe et al., 2022;
Tepp et al., 2024). Occasionally, individual events (such
as the scoring of a goal) can be detected seismically via
the vibrations that resulting crowd celebrations induce
(Lorenzo, 2010; Denton et al., 2018; Vidale, 2011).

However, studies thus far have focussed on the seis-
mic impacts of crowd activity within or near stadia, i.e.
on alocal level. For the largest cultural events, there are
presumably wider-ranging effects as well.

As an example, during high-profile televised sport-
ing events we could reasonably expect that people in lo-
cations far from the stadium (e.g. in other cities) may
change their behaviour as a result of the event; for ex-
ample staying inside to watch it.

Such changes in behaviour may hence result in a
decrease in the amplitude of anthropogenic seismic
noise, if loud’ activities such as driving and construc-
tion are avoided (e.g., Lecocq et al., 2020; Xiao et al.,
2020; Nimiya et al., 2021; Ertuncay et al., 2025). At sites
where the anthropogenic noise is a dominant compo-
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nent of the overall seismic noise (most likely in urban
areas), this may hence result in an appreciable decrease
in seismic noise during said cultural activity.

1.1 Superbowl LX

The Superbowl, the annual championship game featur-
ing the two most successful teams in American Football,
is one of the most significant events in the US cultural
calendar (Real, 1975; Hopsicker and Dyreson, 2017). Su-
perbowl LX was held on the night of Sunday, 8 Febru-
ary 2026 (Sunday night - Monday morning UTC) in Santa
Clara, California, with the Seattle Seahawks defeating
the New England Patriots 29-13. Kickoff was scheduled
for 15:30 local time (23:30 UTC), and the final whistle oc-
curred around three hours and forty-five minutes later.

Unlike the previous three Superbowls, the LX edition
involved a team based in a city (Seattle) with a high
density of seismic instrumentation. For comparison,
Superbowl LIX featured teams from Kansas City and
Philadelphia, neither of which have professional-grade
seismic networks within their metropolitan boundaries.

As such, thisiteration of the competition enables usto
perform a more detailed study of whether the seismicity
recorded in Seattle also changed as a result during the
game, despite it occurring more than a thousand kilo-
metres away. In this way, we aim to use seismic data to
study human behavioural phenomena.
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Figurel a)-b): Amap of the stations considered in this study. Those in inhabited areas are denoted by red squares, those
in uninhabited areas are shown with red triangles. a) shows an overview of locations in Washington State, b) shows an inset
of stations considered within metropolitan Seattle. Superbowl LX took place in the Levi’s Stadium in Santa Clara, approxi-
mately 1,300 km to the south. c) - f): Vertical-component probabilistic power spectral densities for four stations located in
metropolitan Seattle: ¢) SP2, located in Seward Park, ¢) MS99 located at Microsoft in Redmond, e) LYNC in Lynchwood, and
f) CTR, located downtown. In each panel showing seismic data, each black line is the PPSD for a non-Superbowl Sunday. The
blue line is the median of all Sundays, including the Superbowl Sunday. The red line is the Superbow!| Sunday (February 8,

2026).

2 Data

2.1 Station selection

In this study, we make use of data from the Pacific
Northwest Seismic Network (PNSN), managed by the
University of Washington (University of Washington,
1963). This network is extensive, and includes stations
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in both the state of Washington and nearby Oregon. It
includes instruments in urban, semi-urban, and rural
settlements; as well as in remote areas.

We consider four stations in metropolitan Seattle and
four in smaller settlements of varying sizes elsewhere
in Washington (Spokane, Port Angeles, La Conner, and
Ozette), as well as two in remote areas (Mount St He-
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lens and Hurricane Ridge in the Olympic National Park).
These are shown in Fig. 1.

It should be noted that the seismic environment
at each of these stations is likely to be different.
Aside from the impact of actual tectonic earthquakes,
the background ‘noise’ is generated by a variety of
sources. These include the ocean microseism (gener-
ally stronger closer to the coast), anthropogenic activ-
ity (stronger closer to industrial activity or transport
corridors)! , and other environmental processes, such
as wind (Longuet-Higgins, 1950; Ardhuin et al., 2011,
Larose et al., 2015; Diaz et al., 2022). The actual ampli-
tude of any of these signals is also modulated by their
distance from the noise source and local geology, in-
cluding the site response (Field and Jacob, 1993; An-
thony et al., 2022).

Hence, should any seismic ‘quietening’ be experi-
enced around the time of the Superbowl, there is no rea-
son to expect that this would be uniform across all sta-
tions. By choosing a selection of stations, from down-
town Seattle to more remote areas, we aim to elucidate
these inter-station differences and hence their possible
causes.

2.2 Baseline

Because we are investigating whether the background
seismic noise levels were lower during the Superbowl
(rather than searching for signals of crowd activity
which are already spatially and temporally localised),
it is important to establish a baseline. We do this by
considering data from the same time window for all
previous Sunday afternoons local time (Sunday nights/
Monday mornings UTC) back as far as the Sunday af-
ter the last Superbowl in February 2025, for a total of 51
non-Superbowl Sundays. This includes Sundays where
the anthropogenic seismic noise may have been low for
other reasons, e.g. during the weeks of Thanksgiving
and Christmas/New Year.

Our window ranges from 30 minutes before kickoff
to approximately 30 minutes after the final whistle (i.e.
from 15:00 PST/23:00 UTC to 20:00 PST/04:00 UTC) such
that the full range of gameplay is considered. In this
study we present data from ten stations in Washington,
shown in Fig. 1.

We focus on vertical-component data from the PNSN,
and process via a four-corner prefilter (corners at 0.005,
0.01, 45.0, and 49.0 Hz) followed by instrument re-
sponse removal. This frequency range encompasses
that used in similar past studies (e.g., Lecocq et al.,
2020), and enables us to exclude the ocean micro-
seisms whilst still capturing high-frequency anthro-
pogenic noise. The use of 40 Hz as an upper limit also
enables direct comparison with stations whose sam-
pling rates are only 100 sps (i.e. we consider frequen-
cies well below those stations’ Nyquist of 50 Hz and away
from the corners of our pre-filter). Note that the strong-
motion seismometers on the PNSN record acceleration,

Iland use maps for metropolitan Seattle are available at https:
//data-seattlecitygis.opendata.arcgis.com/datasets/SeattleCityGIS::
current-land-use-zoning-detail/about
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so an integration is performed at this stage to output ve-
locity.

Although this report presents only ten stations, there
are indeed others which show similar trends. We dis-
cuss only a limited selection here as our purpose in this
report is to investigate whether a quietening occurred,
rather than undertaking a complete characterisation of
the seismic noise during the Superbowl across the en-
tire state. We have chosen the stations that best illus-
trate our observations.

3 Results

3.1 Metropolitan Seattle

Fig. 1lc-f shows probabilistic power spectral densi-
ties (PPSDs) between 1 and 40 Hz for four stations in
metropolitan Seattle (one downtown and three subur-
ban), computed via ObsPy. At each station considered,
Superbowl Sunday was the quietest Sunday afternoon of
the year in at least one frequency band (e.g. between 10
and 14 Hz at SP2 and between 15 and 20 Hz at MS99).
These changes are substantial; in the above-mentioned
10-14 Hz band at SP2, a -3 dB change in the spectral
power is observed; in the 15-20 Hz band at MS99 the de-
crease is -1.8 dB.

In all cases, Superbowl Sunday was significantly qui-
eter than the median noise in almost all frequency
bands. This indicates that the quietening was tempo-
rally localised to this Sunday in particular. The dif-
ference in which bands are quietest between the vari-
ous stations likely reflects the fact that both the anthro-
pogenic and the environmental (non-anthropogenic)
noise are not constant across the network; and nor are
the site responses.

3.2 Farther afield

Fig. 2 shows PPSDs for eight stations farther afield: a
mixture of settlements of differing sizes (a-d), uninhab-
ited areas in Washington (e-f), and two stations in urban
areas outside Washington for comparison (g-h).

In panels a-b (semi-urban areas outside Seattle and
Spokane, respectively), Superbowl Sunday is again ob-
served to be quieter than every other Sunday in the pre-
ceding year in almost all frequency bands. In c-d, lo-
cated farther from major centres (around 5 km from
the edge of Port Angeles and in the hamlet of Ozette,
respectively), smaller deviations from the median are
observed. At LRIV, Superbowl Sunday is quieter than
most, but not all Sundays in the 1-10 Hz band, and
closer to the median noise above 10 Hz. At OZET, Super-
bowl Sunday is not appreciably quieter in any frequency
band.

At stations in uninhabited areas (panels e-f), no ap-
preciable difference is observed between Superbowl
Sunday and other Sundays. This is as expected, given
that the noise in these locations is expected to be pre-
dominantly environmental rather than anthropogenic.
Note the enormous variability of the PPSD at HURR,
likely due to substantial variations in wind speed on
Hurricane Ridge.
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Figure 2 PPSDs for eight stations farther afield from Seattle: a) HILL in the semi-rural area of La Conner, b) SPOW on the
edge of metropolitan Spokane in eastern Washington, c) LRIV a few kilometres outside Port Angeles, d) OZET in the small
hamlet of Ozette on the Olympic Peninsula, €) HURR on the uninhabited Hurricane Ridge in the Olympic National Park, f)
TOUT on the uninhabited slopes of Mount St Helens; and for external comparison two stations other non-Washington major
cities: CI.USC at the University of Southern California in Los Angeles in g) and LD.FOR in Fordham, New York City in h). As per
Fig. 1, in each panel, each black line is the PPSD for a non-Superbowl Sunday. The blue line is the median of all Sundays,
including the Superbowl Sunday. The red line is the Superbowl Sunday (February 8, 2026).

For illustrative purposes only, we also show urban
data from the centres of the United States’ two other
largest metropolitan areas, Los Angeles and New York
City in panels g-h. The noise is also unchanged (and
not particularly variable from week to week) at these
two stations. A similar pattern of unchanged noise is
seen at stations in other population centres; however as
these are not the subject of this study we present only
the two shown above here. Said trends support the con-
clusion that this quietening is spatially localised, in ad-
dition to being temporally localised as was previously
demonstrated.

3.3 Time-resolved seismic noise variation

We also consider whether any time-resolved variations
in noise are appreciable at the stations in metropolitan
Seattle, which as previously discussed we expect to the
most sensitive to anthropogenic noise. Data for two ex-
emplar stations are shown in Fig. 3. Beneath its inher-
ent variability, no appreciable trends in the noise over
time are seen at MS99 (noting that statistically, we ex-
pect any one day to be more variable over time than the
median, as is seen). At HILL the background is more
variable, showing some temporally-localised increases
on Superbowl Sunday. One of these appears to line up
with the start of Bad Bunny’s performance; but we con-
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Figure3 Time-resolved noise levels at stations a) HILL and b) MS99. Major events including the flyover/kickoff, end of each
quarter, half-time, and full-time are shown; along with the timing of Bad Bunny’s show. No particular trends are apparent.

The bandwidth here is 1-20 Hz and the window length is 5 s.

sider that this is likely a coincidence given that similar
increases occur in the middle of the second and third
quarters.

4 Discussion

We observed that a number of stations in urban and
semi-urban areas of Washington recorded an apprecia-
ble decrease in background seismic noise during the
2026 Superbowl. However, this correlation does not
necessarily imply causation. Determining causation is
significantly more challenging in this study, where we
see only an absence of noise, as compared to past work
which focussed on excesses of seismic energy caused by
spatially and temporally localised crowd activity (e.g.,
Vidale, 2011; Malone et al., 2015).

Nonetheless, there is still clear evidence that sup-
ports the hypothesis that this quietening is indeed due
to the Superbowl, including:

« Numerous stations in metropolitan Seattle
recorded their quietest Sunday afternoon of

the entire previous year in some part (or all of) the
1-40 Hz frequency band studied in this paper, indi-
cating that this effect is real and that the afternoon
of Superbowl LX was indeed especially quiet;

That this effect was more pronounced at the studied
stations close to population centres, supporting the
hypothesis that this quietening is due to a decrease
in anthropogenic activity;

That no significant difference from the median
Sunday noise levels was observed at stations in
uninhabited areas, similarly indicating that this
quietening was not primarily due to weather or
other environmental factors (presumably these ar-
eas had little anthropogenic noise to begin with);

That no significant quietening was observed at ur-
ban stations in other areas of the country, indicat-
ing that this was not a nationwide phenomenon.

We explicitly note that not all stations in urban areas
of Washington experienced this quietening, i.e. it is not
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correct to say that the entire city of Seattle was quieter
than on any other Sunday in the previous year. This is
as expected — the dominant source of noise depends on
the station and frequency band considered, and not all
sources of anthropogenic noise are expected to be af-
fected equally by cultural events.

5 Conclusions

Our results indicate that it was indeed quieter at many
locations in Seattle (and in some other urban and semi-
urban areas of Washington state) during the Seahawks’
appearance in Superbowl LX. This is one of the first in-
dications that the seismic impacts of sporting or cul-
tural events extend beyond the area local to the stadium
where the event is being held. More detailed studies,
for example across multiple Superbowls and multiple
cities, can hence be use seismology as a novel sensing
methodology to provide insight into human behavioural
changes during such events.
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