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Damage distribution maps from strong earthquakes and recorded data from field experiments have
repeatedly shown that the ground surface topography and subsurface stratigraphy play a decisive role in
shaping the ground motion characteristics at a site. Published theoretical studies qualitatively agree with
observations from past seismic events and experiments; quantitatively, however, they systematically
underestimate the absolute level of topographic amplification up to an order of magnitude or more in
some cases. We have hypothesized in previous work that this discrepancy stems from idealizations of the
geometry, material properties, and incident motion characteristics that most theoretical studies make. In
this study, we perform numerical simulations of seismic wave propagation in heterogeneous media with
arbitrary ground surface geometry, and compare results with high quality field recordings from a site with
strong surface topography. Our goal is to explore whether high-fidelity simulations and realistic numerical
models can – contrary to theoretical models – capture quantitatively the frequency and amplitude
characteristics of topographic effects. For validation, we use field data from a linear array of nine portable
seismometers that we deployed on Mount Pleasant and Heathcote Valley, Christchurch, New Zealand,
and we compute empirical standard spectral ratios (SSR) and single-station horizontal-to-vertical spectral
ratios (HVSR). The instruments recorded ambient vibrations and remote earthquakes for a period of two
months (March-April 2017). We next perform two-dimensional wave propagation simulations using the
explicit finite difference code FLAC. We construct our numerical model using a high-resolution (8m)
Digital Elevation Map (DEM) available for the site, an estimated subsurface stratigraphy consistent with
the geomorphology of the site, and soil properties estimated from in-situ and non-destructive tests. We
subject the model to in-plane and out-of-plane incident motions that span a broadband frequency range
(0.1-20Hz). Numerical and empirical spectral ratios from our blind prediction are found in very good
quantitative agreement for stations on the slope of Mount Pleasant and on the surface of Heathcote
Valley, across a wide range of frequencies that reveal the role of topography, soil amplification and basin
edge focusing on the distribution of ground surface motion.
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16 Events (2017-03-01 to 2017-03-29) – color codes the depth, size the magnitude

Wavefield Snapshots

Nine Nanometrics Trillium
compact 20s seismometers
were installed during Mar-April
2017, along a linear array in
Mt. Pleasant as shown in the
map above.

1: Incident SV wave reaches the scatterer i.e. the basin.
2: Topographic amplification occurs (low frequencies).
3: Over reflection, part of the energy remains in the basin.
4: Wave trapped in the basin starts to interfere.
5: Constructive interference results in higher amplification.
6: Surface waves travel back and forth within the basin.

Each station was buried in the
ground, and covered with
plastic bins; stations are
powered by solar panels.
Stations recorded 16 distant
earthquakes in March, with M
> 3.5 and within 1.5 degree
radius from Christchurch.

Postlude
Ø The characteristic length (Lch) of the scatterer (topography + basin) normalized by incident
wavelength – aka dimensionless frequency (fnor) – determines the response of the feature. We may
define three different types of response over the whole range of frequency:

Postlude

1. RHS: Incident wave of λ >> Lch see the topographic feature
as a half-space (doubling effect);
t1 = 0.4s

t2 = 0.56s

t4 = 0.76s

t5 = 0.9s

2. RH: The picture of topographic feature in the wave’s mind in
blurry! inasmuch as the larger parts are only recognizable
(same scattering pattern as that of irregular homogenous
half-space with typical focusing and defocusing);
3. RL: High-Frequency components of incident wave start to identify sub-features of smaller length
(such higher-order scatterer result in a very complex wavefield pattern and a high-frequency
variation in the overall response).
Ø This study shows that using a simple 2D model – whose material properties and geometry are
carefully extracted from in-situ and non-destructive tests as well as DEM data – we can reliably
determine the true response of the topographic feature over the seismic frequency range.
Ø There is a threshold frequency beyond that a theoretical model is not able to resolve the actual
problem and trying to capture the experimental results by increasing the model complexity fails
(high-order curve fitting!)
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fi (t ) = (1 − 2Λ 2 )e −Λ , Λ = π f 0 (t − t0 )

t3 = 0.64s

t6 = 1.04s

