What are ground-motion simulations missing?
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1. RESEARCH OVERVIEW 3. VALIDATION RESULTS

Ground-motion simulations estimate shaking from past and potential future
earthquakes and are increasingly used for seismic hazard assessment. In the
hybrid broadband approach, 3D wave propagation through the New Zealand
Velocity Model (NZVM) provides the low-frequency component (f < 1 Hz),
which is combined with stochastic high-frequency motions. Validation against
recordings reveals systematic prediction bias and repeatable site effects,
guiding empirical adjustments and physical improvements to the velocity
model. Figure 1 summarizes the NZVM components and residual-based
validation framework.

3.1 Systematic site effects: Diagnosis and empirical adjustment

The validation dataset comprised 479 earthquakes and 212 sites. We classified
the sites as Basin, Basin Edge, Valley, or Hill (Figure 2), then combined this
geomorphic classification with NZVM basin coverage to distinguish modeled
and unmodeled basin sites. Hill/Non-Basin sites exhibit the greatest variability
at short periods, whereas Unmodeled Basin sites dominate at moderate-to-
long periods (Figure 3A). Their residuals relate to relative elevation (Hi,s5q)
and fundamental site period (T,), respectively; we used these relationships to

develop the empirical adjustments shown in Figure 3B.
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Figure 3. Site-to-site variability: (A) category-specific ¢g,5t; and (B) original
and empirically adjusted ¢.,s for Unmodeled Basin sites and all sites.
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(B) Observations vs. simulations (C) Systematic site residuals  We developed 37 new sedimentary basin models and refined existing NZVM
v2.02 basins, producing 45 explicit basin models in NZVM v2.09 (Figure 2).
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Figure 1. NZVM components and residual-based simulation validation: (A) crustal structure_s show limited change, likely because they are poorly resolved by the
tomography, an explicit sedimentary basin, and the geotechnical layer (GTL) near 100 M grid.
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2. NATIONWIDE MODELS AND VALIDATION DATA Figure 4. (A) Prediction bias with and without explicit basins; (B) implicit-

. minus-explicit site residuals grouped by modeled sediment depth, Z, , ;.-

— EP10-25: NZ-wide (v1.0-3.1)

— B25: Hikurangi high-resolution
— W25: NZ-wide anisotropic \
— (C22: NZATOM (North Island)

3.3 Crustal tomography models: Comparative validation

We implemented six crustal tomography models with different spatial extents,
resolutions, datasets, and inversion methods within the NZVM framework
(Figure 2). Validation used low-frequency simulations for 28 earthquakes at
137 sites. Their shared short-period bias indicates causes beyond tomography
choice. Relative to EP25, B25 and W25 reduce mean bias; W25 gives the
largest reduction but the highest @555, consistent with regional cancellation
around Wellington. B25 offers the best balance, while C22 changes amplitude
predictions little (Figure 5).
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Figure 5. Prediction bias and ¢4, across SA periods for six tomography models;
dashed segments denote lower-confidence results at T< 2 s.

4. KEY CONCLUSIONS

1. Systematic site effects: Empirical adjustments reduced @g,g ot bY 7-
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g Serd Edge 17% at Hill sites, 12-29% at Unmodeled Basin sites, and overall ¢¢,¢ by
= Valley 9-16%.
A Hill 2. Sedimentary basin representation: 37 new models and refinements to
—— —ae T —— ' existing basins produced 45 explicit basin models in NZVM v2.09. Relative
m to the VS’3O'based GTL, eXpIiCit basins reduced bias by up to 11% (SA)
6 . 1000 5000 3000 and 25% (EAS), and @<, by up to 18% (SA) and 22% (EAS).
Basin depth (m) 3. Crustal tomography: Refinement does not guarantee better predictions;
Figure 2. Nationwide classification of validation sites, modeled sedimentary-basin W25 minimizes bias but increases variability, whereas B25 provides the

depths, and crustal tomography domains considered in this research. best bias-variability balance.
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