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MHVR and an existing ground motion model.



Ground Shaking and Building Damage (Video) during the 2024 Noto Earthquake
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https://www.youtube.com/watch?v=xAA7RI7paCA&list=PLZgTYVtJ9ro7pSxAj9JBf-d4bvR-PIQZb&index=7



https://www.youtube.com/watch?v=xAA7RI7paCA&list=PLZgTYVtJ9ro7pSxAj9JBf-d4bvR-PIQZb&index=7

Distribution of PGAs and PGVs in the 2024 Noto EQ.
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Observed Strong Motions in the 2024 Noto EQ
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Much larger acceleration
and velocity were
recorded in the damaged
areas (Wajima and
Anamizu) than those in
the 1995 Kobe
earthquake.



1000 ¢

pSv (cm/s)
o
o

10

Characteristics of Response Spectra
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Seismic intensity 7 (maximum intensity
in Japanese scale) was recorded in
Monzen, Anamizu and Togi. However,
building damage in Togi was much
smaller than other areas due to the
difference of spectral intensity.

It means that prediction of spectral
characteristics is very important for
accurate strong motion prediction and
building damage estimation.




The Site Effect
Imperative
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Surface ground motions are a
product of source, path, and site
effects. Accurately mapping Site

Aeolian Deposits

| Amplification Factors (SAF) is
Alluvial Deposits X critical for structural safety, yet
———— e gathering deep S-wave velocity

B | profiles for every urban site is

physically and financially prohibitive.
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Methods for Evaluating Site Effects

e oY | Earthquake Records | Microtremor H/V Ratio
(Boreholes) (Spectral Inversion) (MHVR)
: High (requires Near-Zero
Cost / Effort Extremely High long-term observation) | (20 minutes of ambient noise)
Spatial Coverage Point-specific Limi’gigt’i[gnasctive (anyli?]ﬁgjﬁl;ﬁme)
Frequency Accurac High High Hidh
IEHEIY ALGHTaty g g (perfectly matches SAF peaks)
Low
Amplitude Accuracy High High (severely underestimates
true amplification)

The Bottleneck: MHVR is the most scalable method, but its raw amplitude
cannot be directly used for engineering.
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Microtremor H/V Ratio

MHVR | 1989 (Nakamura): Proposed MHVR
<_ as a proxy for dynamic subsurface
| | Usrizontal ' characteristics.
Abelenttli\Imse —| Component :
(Traffic, wind, ocean) (H) 2011-2018 (Diffuse Field Concept):

_~ Theoretical grounding via Kawase and
—> ~ Sanchez-Sesma. Proves MHVR maps
to the S-wave velocity structure.

u i) //,f.z{:; o ; Pt

> <e|eT <—|

Vertical The MHVR .. |
—>| Component 2019 (Double Empirical Correction):
(V) _ Kawase proposes correcting MHVR to

 SAF via Earthquake H/V Ratios,
establishing a mathematical bridge.

The consensus: MHVR spectral shapes mirror actual site amplifications,
but a transform function is required to bridge the mathematical gap.

— — =
£ NotebookLM



Unlocking Geological & Dynamic Applications from Ambient Noise

=, 20-Minute Ambient Noise

(R) ™" Recording (MHVR)

Estimation of SAF through DNN Estimation of response spectra
learning with empirical SAF through DNN learning with strong
motion database

DNN Learning with DNN Learning with
Empirical SAF Strong Motion Database

Estimation of SAF through DNN Estimation of response spectra
learning with empirical SAF using strong motion database
l : B l ‘ Dynamic Surface Response Spectra I
| if F AF . ¢
Site Amplification Factor (SAF) & Earthquake Simulation

Unlocking Geological & Dynamic Applications from Ambient Noise
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Estimation of SAF from MHVR at Lima, Peru

A : Seismic stations
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SAFs at seismic
observation stations were
derived from observed
seismic motions.

® : Microtremor

observation sites



Estimation of SAFs at Chorrillos and Villa El Salvador in Lima
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pSAFs (pseudo Site Amplification
factors) were estimated by densely
observed microtremor data in Lima.

Reference: Miura et al. (2023) Journal of Disaster
Research, 18(4)

hitps:/doi.org/ 10.20065/dr.2023.p0298
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Development of MHVR and Al-Powered Ground Motion Model

Earthquake Strong Microtremor
Motion Database™ Database MHVR Database
=5 280 sites
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*1 National Research Institute for Earth Science and Disaster Resilience (NIED): Strong Ground Motion Flat File 2024 version, https://www.]-

shis.bosai.go.jp/en/labs/ground-motion-flatfile/.
*2 Morikawa and Fujiwara: A new ground motion prediction equation for Japan applicable up to M9 mega-earthquake, Journal of Disaster

Research, 8(5), 878-888, 2013. 14



https://www.j-shis.bosai.go.jp/en/labs/ground-motion-flatfile/
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Observed Response Spectrum and Site Amplification
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MF13 values are calculated using Mw, Fault distance and earthquake type (Crustal or Inter-plate).

Correct,y (T') = 10g(54,,, (T')) —10g(54,15(T))
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Deep Neural Network Architecture and Training

Training data: Records from 1997 to 2023
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Procedure for Estimation of Response Spectrum at Target Site

Earthquake Info. Target site
(Mw, Fault distance and Type) l

Applying MF13 (Morikawa _ _
and Fujiwara 2013) method Observation T‘ microtremor

l

Response spectrum at
reference soil

l Calculation of MHVR

Applying DNN model

!

Estimation of Response spectrum at
ground surface of the target site




Estimation of Response Spectra in the 2024 Noto Earthquake (Mw7.5, Crustal)
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® Response spectra are well reproduced not only at K-NET (ISK) stations but also at JMA
stations where the observed records and MHVRs were not trained in the DNN.
® Significant nonlinear response at ISK005, JMA Monzen and Wajima are also reproduced by
the DNN model
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® Al is enhancing earthquake engineering research through the use of observation records.

Summary

® Enriching MHVR data is key to achieving more accurate predictions.

Acquire (The Input)

Deploy single-station velocimeter

Record 20.48-second segments
of ambient microtremors (MHVR).

No boreholes, no active source.

| Translate (The Engine)

DNN Translation Engine
mathematically bridges the
“Amplitude Gap”, mapping

ambient frequencies to deep-soil
Site Amplification Factors.

Predict (The Output)

;9;

e

Instantly generate localized SAF
for regional microzoning (Lima),
or synthesize with source models to
predict dynamic response spectra

for future earthquakes (Noto).
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