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Earthquakes | What is an earthquake?




Ea rthq uakes | What is an earthquake? Strike-slip fault
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Strike-slip fault Normal fault Thrust (reverse) fault
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Earthquakes | where do earthquakes occur?
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Earthquakes | where do earthquakes occur?
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Ea rthq uakes | What are some important characteristics?

2016-2017 Central Italy earthquakes (magnitude)
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Ea rthq uakes | Why do earthquakes cluster?

1900-2017 Map of Earthquake Epicenters . TR
o~ s
O
1 O
0 oO S 2 X




Ea rthq uakes | Why do earthquakes cluster?
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Earth structure | whatis it globally?
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Earth structure | whatis it globally?
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Earth structure | whatis it globally?
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Earth structure | whatis it globally?
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Earth structure | whatis it globally?
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Earth structure | whatis it globally?
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Earth structure | whatis it globally?
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Earth structure | whatis it “locally”?
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Earth structure | whatis it “locally”?
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Environment ‘ What other processes are seismic waves sensitive to?
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nvironment | What other processes are seismic waves sensitive to?

The Water Cycle f
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nvironment | What other processes are seismic waves sensitive to?

The Water Cycle f
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nvironment | What other processes are seismic waves sensitive to?

The Water Cycle f
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Environment | What other processes are seismic waves sensitive to?

The Water Cycle
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Environment | What other processes are seismic waves sensitive to?

The Water Cycle
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Environment | What other processes are seismic waves sensitive to?
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Environment | What other processes are seismic waves sensitive to?
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Environment ‘ What other processes are seismic waves sensitive to?
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(OUND IdOENS | What is elastic ground motion?
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GRAAUND MIdOENS | What is elastic ground motion?

Body waves

P-Waves S-waves

youtube.com/@ WolframResearch



GRAAUND MIdOENS | What is elastic ground motion?
q

Acoustic waves have only P-motion!

www.youtube.com/@atomcentral




GRAAUND MIdOENS | What is elastic ground motion?

Surface waves
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G RU ND MOTIONS | How does a seismometer work?

Vertical Seismograph
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GROUND MOTIONS | Are all seismometers the same?

Seismogram
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GROUND MOTIONS | What do we actually record?
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GROUND MOTIONS | What do we actually record?

round motion

[m/s]

ensor response
[m/s] -> [V]




GROUND MOTIONS | What do we actually record?

round motion

[m/s]

Sensor response
[m/s] ->[V]

Digitizer
[V] -> [counts]




GROUND MOTIONS | Do all seismograms contain all information?
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GROUND MOTIONS | Do all seismograms contain all information? W o
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GROUND MOTIONS | Do all seismograms contain all information? .
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G RU ND MOTIONS | Are all seismometers the same?
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GRUND MOTIONS | Are all seismometers the same?
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GROUND MOTIONS | Are all seismometers the same?
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GROUND MOTIONS | Are single stations enough?

S-waves:
S,SKS,S¢cS

InSight

Cerberus
Fossae

Core Radius:
1830440 km
fluid, no S-waves

Composition: Tharsis

Fe-S + light elements Core
Density: Shadow
5.8-6.2 g/cm?

P-waves:
P. PKP

Stahler et al. 2021



GROUND MOTIONS | How do we arrange multiple stations?
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G RU ND MOTIONS | How do we arrange multiple stations?
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G RU ND MOTIONS | How do we arrange multiple stations?

A single station allows to
measure arrival time, amplitude,
polarisation (3C)

A network additionally allows to estimate
location

An array (“antenna”) additionally allows to
estimate arrival direction, apparent velocity
and improve signal-to-noise ratio (SNR),
separate coherent from incoherent parts of
the signal, ...
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G RU ND MOTIONS | How do we arrange multiple stations?
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GROUND MOTIONS | What wavelengths and scales do we encounter?

approx. wavelengths (A=v - T)
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GROUND MOTIONS | s this the full ground motion?

Love waves

Love waves

2R
"
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youtube.com/@ WolframResearch

youtu.be/shorts/B-8H4GmMSNOS



http://youtu.be/shorts/B-8H4GmSNO8
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GROUND MOTIONS | s this the full ground motion?

Types of ground motion
The (full!) ground motion u at a location

close to a another location x (x + 0x) is
u(x + ox) = u(x) + €6x + wox
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GROUND MOTIONS | How does fibre-optic sensing work?
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DAS interrogation unit
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GROUND MOTIONS | How does fibre-optic sensing work?

DAS interrogation unit

Backscatter Incident
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Incident Zhan 2019

measures one(!) strain component

Strain
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GROUND MOTIONS | How does fibre-optic sensing work?

DAS interrogation unit
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GROUND MOTIONS | A new flood of data?

Distance (km)

12

10

3 ..
e e :
et e e Node ey J

18§

- “
- - ‘ R R L R » - . - 5 -
. - o . I} ’ R T R e .—?..-P-.Q.—- -
PR RS LA SR A -~ -— - B e e e s e—— - ————- T e e wawes e
- . - - - — . oo PN ‘ pheg RS AP 01w e - s | 4 e ’ - . . poan e - - T =L T o — e WA A - W e p—
PYTTR g St HER PSSR I . B B T e T B e o T T Tt T o ST LA SN TURESNERIN @ TS Sy S JRIES FIEOW O RN PR T
’e - N -, e i PR IR "y e e - —— - WA e LR T AT e .- 5 P - .~ > -
» ’ o S - T g Ay » » . - W ¥ (W ¥ 4 A & ,
oy o = e - ot PRSP E=RIFREICOWS, i SO L. o g - ' " < v
N -y - “ . “, . 3 ' '
- -— .r (v -y - .- : - A o, B L oy S o - - - N - - - W -t gLy vo lri Sy - ' r : - o - <
. - - - P 3 - g = I A T e A T T TR TSI T PRI X (2 o8 g b 4-"--'—-?-;:_' - - v ek aas " e e B s > X .
4 3 o
L L TR T - e - e Y " . - AN be ! sy o4 Vv A ‘ .
4 e . ) g s | by LRI R R i iy s STUL EAATUNR SN IR AP ¥ Sy LB SOV I O A PERRS R IRLLN SRR LR XA ) . /
. - -w - . —y vy - v - e - - - o g — e - - - - RO - nd | - : s » - - - 4. - - J
wow’ S me e . ' - e 4 » N B L T haerTS pywian’y whe' ie - drrsren 1w S atew A - - am’ Ly »get S R PSS o e e R S B M ammte w1 s A e » 3 - ~ A= ML T
PR S SIS SRR R P TIPS WS C i Uadabl o e N ST AT B 1O T SR LN SN TN Nt a TR B T, W S AR . » ’ [§ X £ . . <y L o - ol =%
. . - - [P - - . - - » “a . . —— ‘ .
= — - - , - - - - - - - - B e I S L —— ... - - - -
- ~ - o - - L - . . » - - - - - - - - - . - L A e ] - - - - » o - . - - - - -~ - - - - - »
' - . ' . .
-- . . - —— et ik wae e - “ ..
e WA g hand s ma  ggeer e gpreee - R L P Ry —— .o - - "ye oy o —-iay - - - Bk g - v = e
e e A e e Amaee e g e e 4R L R R R SR L e W N S — i ———_ L S A - — ] — o - h——— -
..
-~ S w = v FII™A . T . -y - - - r - . - - - ETENEET. S NTLE TP UL L TN IR AT LN FT Y  rman
Som e er e e - R e e T B - O e i L L Ll o Tt T R T T o~ . .- - - - T e o - D T
. T P — - - e . - - - OO o - - g o b P— » et & bnseme oy -n - -
————— T — e . — - < - - - - - - e . — - - P
D e L R L e e L D o . s e S » ‘
.- . - - = . P A . - - - - . — e e Py S - cove v *» ° P o -
, -y 2w —— oy B . AP W 5 93Tt - - - . . S P B R A W Al S, 9 S B S B ¥ 4 — S G B A e . S oy o -—re
’ . S § - —— W W g T o - - e w ww - ey -
= AN . .. . » - » - : - ' ~ M ' - . -
- » - - . — TR S AR R S S SRR R R S S S R R e e .
- ’ ’ . - . .- - are - . .
VR LA TR SR PR ST S AN . 2@a 5 - “ tiw o - - = Bt b h e s b e e . | g o> Seti o - - e e & -
. - - - - P S - . - -
\
- 5wk - L T S LT - - im ¥ - ' . ™ L ' . a b L - .. e ._“.‘npu-.-au“ e Tur.mawsnlh .\ M b iy e - 4 » T - - g 4 AR AR 1L TR N by Yy - - o - P R R o - our o ey
> . - . h .
\ ’
. "y e b .. "N & » o - “rw .. - e - - et i ol PR T E R T T L e ' " - 3 N N “ » L N BN T L D S T T LR R RN e L ]
. . e . x - 2 .- —— - g —— i v v - g o 5 g - ] e BLE L -
- g b e R L B » v - - . » v - " - - & ' . ’ - - - Y- - "y . — - T —— g Ay - e R}
e ——— . — S mm e we e e e e — —————— —— " — ——— " " ——— " — ————— o —— — - — - P . - - m— -y e o ———— - — - —— . ——————— —— 1| —— - — e 1 POy v s .. § $ 0o §
R - - - - - » - -r e i - » - » -r » ' " RTe - . - “wow ER R . e e L - . - o - » L LR T B B L - - - .. e AL LR DR
o gy - . - - - B T —— T — W W] A WM e e e ey e aee e — - - - -y i - e e - - - - - - - - - - -
———— - ot — . - - Sarly =t ® - ——— —— - — - — . - ——————— — " — - TR T — - 2 > ~ ~ - -
-\ ’ -
e . vw - - - . - — - Ve e - - .- . .. - - - o - v - = . . - * - . . v
> - g - “ e - v - - . - - - -w . - ' ’ . . - - -— P . o e - - ' e - o wore W meT ey
. » . . - L - - a .- - - s - - g . 2 ~ »
-
- — . . —————— A L - —— — " ——— . — - T R R — —-—e ® so = ;oo - - - - - > oo - - - a
PR R R TR —— -
L sk . ~ - 1 - B 2 e o B e "w e L -
B AR A we .. - B el B L . . - » -
- B e e e TR R R 4 e SN W rmar e . . T R S My o e wAE R e - e il L - . w T L - - .y e . . e S oy -e - - - - -
. - - .. .- . * . -
- - ~ - ~ - —aw -
L A —— - L R L L - . s - - -~
- . .t - o P . b T VS -t - e .- -t e —" . - bt coa = - - Cor ittt 4 oo - oo . .o > ’ .
- - wie - - - . L e - et ’ - » . - .- - - - - - e — - - - - - - R B i L e D e R e W - - - -
. - . . W e MR b e & e el - .- - - - -
.- . — S " ‘e S "o . . - . -t .- - - . - - - ’o- - - - . » - . .- - - . S ~
AP - » - — ol - ' P STy Y T R RIATC e T T v - - - YR
- - mm e . — . - S - era e - - . - - - - .- - - - - - .o - - —— .
. - LT . - "
Biv 3 é . . R A e e e e e T L LS -
- . . . - - - - - .. - ‘- - - - - - ' P—— . - - -
~ SR T SE. . . il e ol - .- T Soneauy o Pl oy 2P s s T e 1 o e

30

100

(I—S) olel uleldjsoueu

-100

Klaasen et al. 2023




GROUND MOTIONS | A new flood of data?
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Satellite-based | What data is useful for seismology?




Satellite-based | What data is useful for seismology?
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Satellite-based | What data is useful for seismology?
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Satellite-based | What data is useful for seismology?
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SAR - Synthetic Aperture Radar
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Miscellaneous | what does environmental data look like?




Miscellaneous | What does environmental data look like?
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Temperature - Air
Temperature - Soll
Wind speed, gusts, direction, ...

Sampling rate: ~0.0015 Hz (10 min interval)

PFECIpItatIOn datum  stdmin statnr dd ff ddx ffx zeitx rr p pred
Pressure 1180101 10 11085 130 18 128 26 5 0 9924 10104
. , 1180101 20 11085 134 18 124 26 19 @ 9922 10103
Humldlty, Dew pomt 1180101 30 11085 123 24 122 32 26 @ 9922 10103
Soil moisture 1180101 40 11085 116 25 114 35 39 ® 9920 10101
1180101 50 11085 122 34 125 48 49 © 9919 10099
1180101 100 11085 131 52 138 70 56 © 9918 10098
1180101 110 11085 131 57 138 77 109 © 9918 10098
1180101 120 11085 128 51 134 73 116 @ 9914 10094
1180101 130 11085 130 42 126 55 123 @ 9914 10094
1180101 140 11085 137 47 131 64 139 @ 9912 10092
1180101 150 11085 136 38 138 62 140 © 9913 10093
1180101 200 11085 136 45 135 64 158 @ 9913 10093
1180101 210 11085 144 39 131 53 200 © 9913 10093
1180101 220 11085 137 37 135 51 210 © 9911 10091
1180101 230 11085 137 36 135 49 227 © 9911 10091
1180101 240 11085 149 36 141 61 231 @ 9912 10092
1180101 250 11085 151 33 151 44 247 © 9911 10091



Miscellaneous

What does environmental data look like?
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Frequency [HZz]
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Wavefield Abstractions | whatis a spectrum?
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Wavefield Abstractions | whatis filtering?
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Wavefield Abstractions | whatis filtering?
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Wavefield Abstractions | whatis filtering?
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Wavelet transform
(wavelet basis functions instead of sin/cos)

sliding window —

1st-order scalogram

center frequency f1 [HZ]

time —
Steinmann et al. 2021



Wavefield Abstractions | What other transforms exist?
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Wavefield Abstractions | What is a seismic phase?
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Wavefield Abstractions | What is a seismic phase?
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Wavefield Abstractions | What is a seismic phase?

I P-wave
| S-wave

ismic wavefietd simulated with AXISEM (www.axisem.info)
by Simon Stahler (LMU Minchen), Tarje Nissen-Meyer (Univ. of Oxfor

e



Wavefield Abstractions | What is peak ground motion?

0.20

0.15

8 010
2L o005
ol g 0.00
<EE —1 _0.05
~0.10

~0.15

0 1000 2000 3000 4000 5000 o000 7000
Time |[sec.]



Peak Ground Acceleration
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Ea rthq uake Metadata | What is an earthquake catalog?
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Ea rthqua ke Metadata | What is a source mechanism?

Strike-slip fault Normal fault Thrust (reverse) fault




a USGS

science for a changing world

Ea rthq uake Metadata | What other related data is important?
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Earthquake Metadata | what other related data is important?
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Miscellaneous | What is a correlation wavefield?




Miscellaneous | whatis a correlation wavefield?




Miscellaneous | whatis a correlation wavefield?
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Miscellaneous | whatis a correlation wavefield?

Cross-correlation
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Miscellaneous | whatis a correlation wavefield?
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Miscellaneous | What is a correlation wavefield?

Schippkus et al. 2022
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Miscellaneous | What is a velocity model?

VP at 200 km depth VSV at 200 km depth
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Miscellaneous | what is InSAR?

youtube.com/@SSTLTV

NASA
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Miscellaneous | what is InSAR?
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Data

Raw data Derived data
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