“Movers & Shakers” — First Virtual Meetup 2021
Organised by RaspberryShake S.A.
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2020

The year Hollywood proved "true"?




GOVID-19 TIMELINE

O o O o
Made public on First case: 31 January e.g. Belgium Most countries report
31 December 2019 First casualty: 22 February First case: early February cases after mid-march

First casualty: 11 March

........



"WE HAVE THEREFORE MADE THE ASSESSIVIENT
THAT GOVID-19 GAI BE GHARACTERIZED
AS A PANDEMIG™

WHO DIRECTOR-GENERAL'S OPENING REMARKS
AT THE VIEDIA BRIEFING ON GOVID-19



LOCKDOWN MEASURES
#STAYHOME # SAVELIVES

G oz Gte

The streets are empty
Public transport is maintained, sometimes only reduced
Telework encouraged when possible

The world discovers who "Essential Workers" are...

........







WHAT HAPPENS We have a strong impact on the environment, at all spatial and temporal scales.

From local to global effects, from the instant to the centuries.

STUP') When humans act, the environment reacts.




SEISIVIOLOGISTS DON'T (Z/DA/°T) LIKE NOISE...
NOISE ALTERS SEISMOGRANS READINGS

Since the early ages of seismology, scientists search for the quietest environments for installing their
increasingly sensitive instruments. Seismic networks try to favour remote or rural stations to minimise the
impact of human-generated seismic noise.

NOISE IS EVERYWWHERE

"Noise", or "Continuous ground vibrations recorded by seismometers" have different origins. The oceans are
responsible for a large part of the long-period noise. Humans are often the major culprit for high frequency
noise.

NOISE OR “AMBIENT SEISMIC WRVEFIELD™ IS USEFUL

Used and studied since 1900, "seismic noise" has been a la mode since early 2000 when scientists showed
the richness of the information stored in the continuous coherent wavefield recorded at two distinct locations.

........



HOW DO WE KNOW?

We are culprit for high frequency noise ?
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HIGH FREQUENCY NOISE & HUMIANS

How do we know we are guilty?
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& Figure 2. Four seismograms recorded in the engineer’s office 24T By bo the Hosplkal
{Fg. 1) of the Bensberg seismological station on 14 August 2015, 1;”':?[:_“

during and after a burglary. The gray and black traces give the ;-.-;1,:.,,]._."

velocity and displacement of the east-west component from &

(ERTELELITE IR GER (DRI L EESE DR EGIEEGEEENIGENE  Lecocq et al, "The Prodigy World Seismic Tour", unpublished but regularly presented since 2009

is given in the lower left comer of the graphs.
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Piteh-G. Hinzen, Sharon K. Reamer, Claus Fleischer; Analysis of a Burglargram. Seismological Research
Letters 2015; 87 (1): 193-195. doi: https://doi.org/10.1785/0220150253



https://doi.org/10.1785/0220150253

SEISMOLOGISTS ARE WRTCHING YOU (AND IT'S SCARY)
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Figure 4. Human signatures, (a) footstep sound signature and (b) Dn:.u];‘ralu Time (s)
signature, and {c) normalized BPF signals corresponding to the passive and Figure 6. "Lcic::g passive (a) and the Doppler (b) signatures, and (c) normalized

Figure 1. Footstep vibration signatures of regular (a), soft (b) and stealthy (¢}
& l £ £ ' * 7| Doppler signals. The torso motion is #1, the leg and arm motion is #2, BPF signals. The torso motion is #1; the legs motion is #2.

footsteps on grassy ground on UM campus.

Sabatier, J. M., & Ekimov, A. E. (2008). A Review of Human Signatures in Urban Environments Using Seismic and Acoustic

Pitch
Methods. 2008 IEEE Conference on . d0i:10.1109/ths.2008.4534452




|l Thomas Lecocq @seismotom - 20 mars ™

The virus won't stop the noise (but ok, lower the anthropogenic
contribution...). @matplotlib @obspy @ProjectJupyter powered!

@ Seismologie.be @Seismologie_be - 20 mars

~

Our staff is teleworking. The earth continues shaking. Ground movements
at frequencies 1-20 Hz, mainly due to human activity (cars, trains,
industries,...) are much lower since the implementation of the
containment measures by the government. #StayHome @ibzbe
@CrisiscenterBE

Afficher cette discussion

Bruit Sismigue - Seismische Ruis - Seismic Noise | Uccle (Bru., BE)

Congis

" Ty
T fl i

—_ UCC — X (f6h-16h) ===x StayHome & ] === StayHome & 7 Weekend journée - Dag - Daytime
¥ i

o0 WHEN UVE PAGED DOWN...

We knew the noise would go down after March 15

and even more after the 18th (strictest measures)
we were all teleworking

for some, it was the first time



GIZMODO We come from the future

HOME LATEST REVIEWS EARTHER m 109 FIELD GUIDE VIDED

EARTH SCIENCE

Seismometers Worldwide Detect Decrease in b

AND IT WENT Human Activity Amid Coronavirus Lockdowns
L) NE THER Bl LI

WHEH DBYGIZMODD ~ amste™

Seismometers around the world are recording the decreased seismic activity

om people staying home amid covid-19 social distancing orders.

These detectors measure seismic waves through Earth’s crust, but they also pick

up humans moving around, industry, and tratfic in the form of higher
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NEWS - 31 MARCH 2020

Coronavirus lockdowns have changed
the way Earth moves

A PEd UCTEON 1N SEISMIC Noase BEciuse of ChanEes in Nman activity 15 a boon (o Seo0sCenLiss.

1able tor evenyone, funded by readers

Guardian
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ppo e Guardian -} Sign in r['l e

avirus Waorld UK Environment Sclence Global develooment Football Tech M

logy
hclkdown has cut Britain's vibrations,
ismologists find
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MATIOMAL
GEOGSAPHIC e World

The coronavirus pandemic Is making Earth vibrate less

SCIENCE COROMAVIRUS COVERAG

By Harmeet Kaur, CNN

These charts show ho 3 Updated 17
‘quieted’ the world

As people stopped commuting and traveling,
seismologists tracked the change.
&3 INDEPENDENT

W' suBSCRIBE NOW LOGIN Q,

el

The Atlantic

Coronavirus lockdowns worldwide make Earth's

e . . 10ve | ienti
[he Pandemic Is Turning the STt move logs, achen(ists g | ()

World U ps 7 B g e "‘We can pro . . . .I

Widespread social-distancing measures have produced
cttects across land, air, and sea.

noAPRIL 3, 3030 wirus lockdowns around the world are making the Earth move less,
scientists have discovered.
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SPORTS FAITSOIVERS MONDE PEOPLE LOISIRS ECONOMIE SOCETE  AUTO Siﬁmégrafﬂﬂ en todo el mundo |
actividad humana debido ala c

coronavirus

' 12

SOENES ERVERCNNERENT THLEES

[J4[Z.173 A CAUSE DU CORONAVIRUS, LA
ERRE TREMBLE MOINS

Lhamme se déplacant maoins sur la surface de la planéte, le bruit de fond

sismigue qu'll provoque s attenue sensiblement. Meme en Suisse.
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Pﬁ.ﬁdemie lasst Erde weniger
stark beben

Normalerweise storen Zige, Schwerlastiransporte und Industrieanlagen

seismologische Messungen. Nun stehen sie grolitentedls still - eine
Chance fir Geologen




but free to collaborate




OPEN SOURCING THE GODE
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Thomas Lecocq @seismaotom - 1 awr Tweeted on
' Hey friends! Am usually not the kind to “surf* on hype, but this time, | think

it's for good, what do you think to co-write this? This week :-) Ap ril 1st

Gathered
Soctal seismology - The effect of “lockdown™ measures on 101 people on Slack

glﬂh;ll SCISMIC no1se.

Lecocqg, 1 and anvone who would hke o jorne

.-'I.F'llil 1. NIEXD

Al

R oh Spoiler: "this week" turned out to be "70 weeks"
ICC



ISOLATED, BUT CONNECTED
LIKE NEVER BEFORE...
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Start of Lockdowns\A

185 SEISI\IIIG o[ATIONS \WHERE LOCKDOWN IS \IISIBLE
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ONE PLANET
ONE COMMUNITY

Timing
1 April - 24 July 2020

Numbers

6 months of data analysed for
337 stations

or 62 682 days of seismic data
or 5 415 724 800 seconds

or 541 572 480 000 samples

processed with one code

76 authors
66 affiliations
25 countries

Software

Code: Python
Community: Slack
Writing: Overleaf
Reviews: GoogleDocs

RESEARCH

SEISMOLOGY

Global quieting of high-frequency seismic noise due
to COVID-19 pandemic lockdown measures

Thomas Lecocq'*, Stephen P. Hicks?, Koen Van Noten', Kasper van Wijk>, Paula Koelemeijer?,

Raphael S. M. De Plaen®, Frédérick Massin®, Gregor Hillers’, Robert E. Anthony®, Maria-Theresia Apoloner®,
Mario Arroyo-Solorzano™, Jelle D. Assink™, Pinar Biiyiikakpinar'?'®, Andrea Cannata'*", Flavio Cannavo®,
Sebastian Carrasco'®, Corentin Caudron”, Esteban J. Chaves'®, David G. Cornwell”®, David Craig?°,

Olivier F. C. den Ouden'Z, Jordi Diaz?, Stefanie Donner”>, Christos P. Evangelidis®?, Lislo Evers'-Z,
Benoit Fauville®, Gonzalo A. Fernandez?®, Dimitrios Giannopoulos?”%, Steven J. Gibbons?®,

Tarsilo Girona>°, Bogdan Grecu™, Marc Grunberg™, Gyorgy Hetényi*>, Anna Horleston®*, Adolfo Inza™,
Jessica C. E. Irving®*3¢, Mohammadreza Jamalreyhani®™*, Alan Kafka®®, Mathijs R. Koymans™-Z,

Celeste R. Labedz’®, Eric Larose', Nathaniel J. Lindsey*°, Mika McKinnon*"*, Tobias Megies**,

Meghan S. Miller**, William Minarik*>*®, Louis Moresi**, Victor H. Marquez-Ramirez>, Martin Mallhoff*°,
lan M. Nesbitt*”*8, Shankho Niyogi*®, Javier Ojeda®, Adrien Oth®, Simon Proud®?, Jay Pulli>>=%,

Lise Retailleau®*>°, Annukka E. Rintamaki’, Claudio Satriano®*, Martha K. Savage™,

Shahar Shani-Kadmiel?, Reinoud Sleeman®, Efthimios Sokos®, Klaus Stammler?, Alexander E. Stott>®,
Shiba Subedi*?, Mathilde B. Sarensen™, Taka'aki Taira®®, Mar Tapia®, Fatih Turhan'?, Ben van der Pluijm®,
Mark Vanstone®®, Jerome Vergne®*, Tommi A. T. Vuorinen’, Tristram Warren®,

Joachim Wassermann™®, Han Xiao®®

"Lecocq et al..exemplify seismological progress through best practices in
scientific research: public data, open-access software and hardware, global

cooperation, and crowdsourcing of citizen-science projects.

Denolle & Nissen-Meyer, Science 2020
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WHAT ELSE?

Numerous new studies, focussing on specific regions
Like China, Italy, USA, Japan, Brazil...

New methods: e.g. using "Dark Fibers" to monitor
cars or pedestrians

WHAT'S NEXT?

Study and understand "noise", even more

Decipher anthropogenic contributions

Understand how to improve our networks

Link with other disciplines: sound, pollution, social, ...

Humans and nature excite seismic waves

Seismometers record vibrations from everything,

not only earthquakes. Shown are sources that induce ,(”f;:“\l

seismic waves of different vibration modes '\L.\“‘“’ =4

(harmonic, diffuse, transient), detectable over - )

large distances. .. \ﬁ — f
Anthropogenic -
activities

Wildlife

Harmonic

VW e

Natural hazards

Transient

Denolle & Nissen-Meyer, Science 2020
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Seismic Noise for AM.R10DC.00.SHZ - Filter: [4.0-14.0] Hz
Seismic data from MichiganShake-DEES on the Raspberry Shake Network
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RASPBERRY SHAKES

& . Alan Kafka
l2 28 mars a 18:29 - &

5 the "Anthropause” aver? Jay Pulli

It's hard to disambiguate all the factors that go into the
background noise here. We showed earlier that Route is

Seismic noise at Boston College returns to pre-pandemic levels...
(Updated to 3/25/21)

Anthropause: a global reduction in human activity correlated with

COVID-10 Tockdenvme 66 was the major contributor. For the_ past three weeks
nearby construction has been a contributor. But here are
Conte Forum [RADZE): 4 hr smoothing, 8-11 e the data for Cakton, Virginia for 20217 so far.
Pl
g [o] Conte Forum :GL M. ° '
il 11 1 IR 41— RS Station RAC22 SHZ. 6-18 Hz
g zl il "E | Seismic Data (black) Recorded i
£ - with Raspberry Shake aal | - e W L |
= o Seismograph and |
g2 = | Processed with Matiab Software
> Developed by Jay Pulli
’ i L0 FAt 00 104
1/1/20 Days After 1/1/20 @3/25/21 thw Data “ﬂdl from:
www apple.com/
Deviin Hall {(RS7EC): 4 hr smoathing, 8-11 Hz covid T mobility
Average of
- Devlin Hall ) Driving, Transit, and Walking
2
E -
E 2 Die LITCH
Jaime - Répondre - 1 sem ©
0 100 200 L 20
1/1f20 Diays After 1/1/20 03/25/21

Screenshots of Alan's & Jay's Facebook



RASPBERRY SHAKES &
SEISMIC (NOISE) AS A TOOL
FO EDUC TION

Summer 2019
phi

Help Save People in Nepal from Big Earthquakes

":. Help Save People In Nepal from Big Earthquakes
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SEISMIC (NOISE) AS A TOOL g
FOR EDUCATION

BAETER ZO2U, D9 O e L 2 S Tali A H L Bl el el W19 & parrDeeTiel. COufIios SraL i TN i

Australian Seismometers in Schools - Noise S R R O v
monitoring dashboard
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madenit L L Pl n g g B gt Tang D For four WEEHE. I TEETES .'-".;l—_. r

ireak mund beoete, trmy' nen ihie seliocon wvsln, and coethe on che rosd and recoirded @

i — il - £ - 8 d58 B AL N e ST m | NET WEFE S0 Dy INE
How we built a simple dashboard using Github actions with open source soltware and openly T e o S =
. panted nd ] inl} T TIIEre s L L ] &
available (FAIR) data. e COMITH 10 iciigouT inkalaiy AR v EaNad, | P o
i e

- . = g v . . ST = _mwmﬂ_ m ERuring BEpdiac sy In Human wermangy Draring the COWI0- 10 Lockdoam Uiing 5o
We recently wrote an article in The Conversation that shows how the Australian Seismomelers in T T e H—
schools network registers the pulse ol Australian life through changes in the seismic noise spectrum S

A0 s OO FECand groand Mmoo Because of Ml ey ustes Tre SuTd was s

measured in local schools.

=]

L LDy Brel i A b ol Tiow' MEssy af hese Swiand, SESMEQrarts e By 5

[

Siheg

NSTLTETE, THIS 15 St negon the S8 e Stamons &% purpostidy bul oups e che oRis

0 that they 80 NOCEC o Oy rEiated: 2 e ST &0 T0 M LN, e s oo and oihe

,“,ﬂdf'um Monitor My Lockdown

publication of record. thev are static. Bul the data continue to flow into the school seismomelers. so T | a

The figures in the article show the signal from Christmas 2019 through to July 2020 and. like anv

TH- L T AT T ALY ST AVER T TSI TR liura! NARek S i My Safek. | Sl oield G Ems Ganone O Dee [ Mail Caradar

T A B o iy foew CHls

Choose city from the map: OTTAWA 2! h_
every night we update those graphs antomatically and you can see the version from last night here; o | %
1 - |
] £
Pufls lIsses  Markeiplace Explore L 1 : _=:
w AMNU-RSES-Education / SeismicMNoise AuSIS Templats @ Watch - | 3 2.1 e - A A 5
{» Code | |ssues Il Puil r=que=sts () Actians [ Projects 1 Wik ! Secw 1 £ q . 1
- : ':. | : I:I l" =
I' master - Go to He Adel fite = 4 Code - L. , : —— =Sl

Tul

Change in Selsmile Activity for Transpaortalion and Cultural Noisas?
ProfessorDablebot Updated resutts Fri lan 29 174430 UTC 2021 & I daws aga . o 40

: Pt ackocwn w i Hz-Z0Mz w
D[tf:h B otk workdlows Fix cacha |ispe 3 manths aoo Dharing the Fiest Lockdown, Bctivity Changed by: <508.6% Since Pre-COVID Lovels

B e, i et =g B ol -:'
54
7 e o The W A picwlis @i UDdalE I e dfarive e 202G s 0 e !
dala LR RIS T Aafl 2 Il UL Sk i Wk dlgh TS AW PSS LSEG dan fros Sere snrfons: ¥ pooekies efoamiain o 1 |



\%
©) Raspberry Shake

Google Scholar

raspberry shake

About 15.700 results (0,04 sec)

ML) Monitoring rockfalls with the Raspberry Shake
A Manconi, V Coviello, M Galletti... - Earth Surface .., 2018 - esurf copernicus.org

We evaluate the performance of the low-cost seismic sensor Raspberry Shake to identify
and monitor rockfall activity in alpine environments. The test area is a slope adjacent to the
Great Aletzch Glacier in the Swiss Alps, ie the Moosfluh desp-seated instability, which has

vy WYY Cited by 10 Related articles  All 9 versions &%

ML) Do low-cost seismographs perform well enough for your network? An
averview of laboratory tests and field observations of the O50P Raspberry

Shake 4D

RE Anthony, AT Ringler... - Seismological ..., 2019 - pubs.geoscienceworld.org

Seismologists have recently begun using low-cost nodal sensors in dense deployments to
sample the seismic wavefield at unpracedented spatial resolution. Earthquake early warning
systems and other monitoring nebworks (eg, wastawater injection} would also bensfit from

Yr UYP Cited by 33 Related articles  All 7 versions

Raspberry shake-a world-wide citizen seismograph network
BC Christensen, JF Blanco Chia - AGU Fall Meeting ..., 2017 - ui.adsabs harvard.edu

Raspberry Shake was conceived as an inexpensive plug-and-play solution to satisfy the
need for univerzal, quick and accurate earthquake detections. First launched on Kickstarer's

crowdfunding platform in July of 2016, the Raspberry Shake project was funded within hours .

¥ YUY Citedby 4 Related articles

Can a raspberry shake seismic network complement a national seismic
network? A case study in Haiti
E Calais, D Boisson, S Symithe, R Momplaisir... - 2019 - authors. library.caltech.edu

Complex networks of high-tech sensors are tough to operate and maintain in developing
couniries—but new low-costs, low-maintenanca instruments may help. Becausa they are
“connected objects” they also provide new apportunities to engage the civil society in citizen ..
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We dedicate this community-led study to all essential workers who have Rept

our countries going during these difficult times
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"We are extremely grateful to all seismic network managers, operators, and technicians who have helped facilitate the raw
global seismic dataset.
We also kindly acknowledge all of the passionate community seismologists for running their “home” seismometers and

contributing, indirectly, to a better understanding of Earth."
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