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Earthquake
Sciences In a
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Long-term seismic hazard map
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The shallow Earth will change in the next 100 years

Projected Changes in Annual Precipitation by Midcentury : : :
2036-2065 relative to 1991-2020 National Seismic Hazard (2023)

= USGS

seience for a changing world
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Probing subsurface
changes using ambient
Earth vibrations



Measure structure change from seismic noise

1. Window seismic noise at 2 stations

2. Cross-correlate noise windows between stations

Gap(t) = Uy(t) * Up(t)
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RIO-MWC

Clements and Denolle (2018, 2023)

.. ¥ A J -
“ s - > -
W, b /
; » ] £
’ 0 -
. e J - ’ . : -
e - o . - - - 1
7] 3 - 4.
t A ) L)
e i : S AonEy : =
. . e L
T : : : ; O
M - o =7 - -
“irie L - of 3
" > 2 e
iaN e 3
-
O = "

N : TR AT e S

e PR et 2 x

R O T Py o L s — o
CrF g o - Ao Sie =
| T e o ot e ey
P e o i e e o S S

- e e o e St S

e R AR
-

o P

e 5 S e A e by S At e
e R SIS T ot i A

-20

o i > 4
- - -~ ~
- —Sars - - . "~
T ey ‘ ; < . |
A it gy VT Tin s ok A A Ll e e e W N T R SN B i,
LS i e i - - WY TR Y ST MY OTE S sl LT S N =35 altlisl o
Mo N I T Wﬂi.L.ﬂt.vvoin»u.. e R T et Tet - x ot o T i et 2
- = <3 = Ty Bad e P . e S DN Se S ST S A b3 ’ >
..v.u. - FA R -t L o S L ; I R ety . s L
1 LI — - - ——m g SRS a3 UL N E »
e L AT :lw. 35 - PR = 2 e e o | e = 2 AYN Dt T 5
. 4 A S R TN - r
125" ' . 2 E . i f r-2 y
it | e S e T L ~ . < i et 5 : r. -ty : 0
e e e e e A w«? 1 - a
ﬂ-l.' —— e T . = iy — - e e - gg = L0 il e S gt - -
-« . e e PSS o b Nowt TS T S T NS — - 6
LR e PO sl s g e B R e T tign . -
PRI S, e S ot - Lt et O e, =R o o _
o3 e Y < » -
=3 < - -~ o » 1%
- . . iy,
& - NS 2 4 3
0 . 3 AT >
- =~ . "
- . . k
7
17 - - $ y

15 years of continuous data.
2002 A iy
2005 - ‘3"
2007-?515_
2010 4. .,
2013 4
2016 A

Tim Clements

Lag Time (s)



v B

R 2R 2

direct wave

ground motions

M,\M e "V\/"\NV\I‘IJ\'\I‘\I“\I\

50 100 150 -
Time (s)

Velocity (cm/s)
L g o pEbEmR

o



A B

vV

coda waves

ground motions

el

Velocity (cm/s)
A b D 4 o =+ N o0 »

5 100 150 =
Time (s)

o



A B

vV vV

coda waves

Al

A e

ground motions

U

50 100 150 200
Time (s)

Velocity (cm/s)
A b M L4 o 4 v o oo

o




A

dt / dt/t = - dv/v
/ >

t

Velocity (cm/s)
A b M L4 o 4 v o oo

50 100 150 200
Time (s)

o



dt

Velocity (cm/s)

A

dt/t = - dv/v
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dv/v is proportional to

« Extensional strains

Nonlinear elasticity & poroelasticity

« Water content

suction/capillarity forces in granular media
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25 years of data
> 700 sensors
> 150 TBs on AWS S3
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https://github.com/noisepy/NoisePy
https://github.com/JuliaSeismo/SeisNoise.jl

Tectonic dv/v



Okubo et al, (2024)
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Dr. Kurama Okubo Okubo et al, (2024)
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Shaking induced Tectonic loading
damage
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Shaking induced oo et 2010 Tectonic loading

damage Wegler et al, 2009 Okubo et al, 2024
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The long term dv/v is correlated with fault locking

If there Is a strong
preference for crack
orientation, crack opening
or closing would be
sensitive to strain parallel
to thelr opening mode.

Okubo et al, (2024)



Kidiwela et al (in prep)




Clements & Denolle (2023)

Near-fault healing can last 20+ years
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Prescribing laboratory and natural observations of seismic velocities on
earthquake cycle models (e.g., Thaku and Huang, 2023)

“One primary effect of the imposed velocity precursor is on the earthquake

nucleation phase.” .
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Near Site and People

Where Seismology meets Geotechnical Engineering and Hydrology



Measuring the coseismic shaking damage
~ 240 20m-deep borehole instruments in 2011.

Dr. Loic Viens
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Measuring the coseismic shaking damage

damage

visco-elasticity
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dv/v ~ -Ground Water Level

Changes in seismic velocity dv/v anticorrelated with Groundwater Level
GWL . First proposed by Sens-Schonfelder and Wegler, 2006 on Merapi
Volcano.
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Clements and Denolle (2018)

Monitoring ground water in California
unconfined aquifer in San Gabriel Valley

20m drop in the 2012-2016 drought. All-time low since 1932.
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Lower water levels
Higher velocities,
+1-3% over 20 years i

(probably reset by the wet winter
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Mexico City Is stiffening ...

Puebla earthquake
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Why should this matter
to SCEC?



"Vs30”

A Novel V3, Prediction Strategy Taking
Fluid Saturation into Account and a New
V530 Model of Tirkiye

Hakan Bora Okay'® and Atilla Arda Ozacar"'®

Bora et al, 2024, BSSA:
“the effect of a specific
change in saturation
degree on VS30 may be
quantified considering
fluctuations of
groundwater depths in
time”




Conclusions

* Near-fault processes are evolving at timescales that can be
captured by monitoring seismic properties

* These may provide new constitutive relations and inform physics-based
models (e.g., Thakur and Huang, 2023)

* Near People: site effects are modulated by hydrology an
earthquake damage and have time scale of evolution moderated
by climate variability and trend.



Opportunities for a
Future SCEC
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