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Velocity Model - MUSCAL
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Methods

e 3-step Workflow

Step1 Step 2 Step 3
Merging regional models to Merging local high-resolution Adding low-velocity taper
update background model models into updated (LVT) to improve shallow
background model structure
Large-scale, lower Small-scale, higher Improving shallow
frequencies frequencies structure

(0.1-0.5 Hz) (0.3-1 Hz) (0.1-0.5 Hz)
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Step1: Regional Models
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Validation Event Database

Validation event database: 42.00°-
o 67 Mw4.1-4.7 events
o Stations with 2+ recordings
o Distances within 300 km ]
o Good S/N ratio
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Standardized Model Incorporation Procedure

Starting
background
model

Validation
simulations

Merging
candidate model

Analysis of
error reduction

Data-informed
refinement

Updated
background
model

Next candidate model

Iterative process - One model at a time

Which part of the candidate model should stay?| =™

Error analysis and refinement:

o O O O

Absolute-valued log10-ratio

Each is averaged over multiple events

Turning into a single-valued error (&) via weighted average
“Fitness” change: §, . - & ...

Complex 3D problem -> 2D spatial filter (refinement)

Weights For Computing &

Metric Name| Weight
Fourier FASe 1
Amplitude FASy 1
Spectrum
FAS; 1
VERg 12
Velocity
Envelope RMS VERy 12
VER; 12
AERg 12
Acceleration AER 12
Envelope RMS N
AER; 12

FAS error:
) o N FASq . ‘/‘
ErAsj = w; 21 [logio FAS.1]
Envelope error:
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Standardized Model Incorporation Procedure
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Updated Background Model

( )(Validated within 0.1-0.5Hz)
g
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Step2: Local High-resolution Models
(0.3-1 Hz)
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Dual-Model Testing Procedure
(a) Updated background

- 12.00'
(c) Updated background
+San Joaquin basin (DL-enhanced)
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Step 3: Near-surface Structure

Poorly-resolved near-surface structure
Ely-type low-velocity taper (LVT, aka GTL; Ely et al., 2010)
Vs30 and tapering depth (zT) are key parameters

Locally-optimized zT, constrained by 0.1-0.5 Hz simulations

a2 ¥ g ‘\g«« ~

42.00° 4

USGS Global Vs30

A
AN

32.00°

Merged Vs30 Map

_124.00° -122.00° -120.00° -118.00°

200 400 600 800

Vs30 (m/s)

42.00° 4

40.00° A

38.00° 1

36.00° 1

34.00°

32.00° A

—124.00°

~122.00°

500

-120.00° -118.00°

1000
zT(m)

-116.00°

1500

-114.00¢



Summary of Updates

e Heterogeneous shallow structure characterized by LVT, gradually ....

transitioning to tomographically-constrained deeper structures

36.00

e Strong wave speed reduction in top 5 km

34.00°

e Lower Vp/Vs ratio, narrower spread in mid-crust
Surface

32.00°
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Future Model Updates

Which level is the new model aiming to update?
1. Background (larger coverage, regional resolutions)
2. Local (higher resolution with better shallow resolvability)
3. Near surface (resolving top 1-2 km)

Established validation event dataset (optional)
Simulations before & after merging
Calculate of fithess change -> 2D weight function
Model refinement -> New updated background model
Validate refined model
Is it overlapping with any merged local model(s)?

o Yes -> Additional validation(s)

o No ->Done
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