An automated workflow for adjoint tomography
applied to the North Island, New Zealand
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Introduction

Tomographic model assessment

Preliminary Real Data Inversion

We have developed and tested an automated, open-source workflow for
full-waveform inversion using spectral-element and adjoint methods.1 Our
main objective is to attain high-resolution images of crustal structure and
complex tectonic features in seismically active regions. We present ongoing
efforts towards a tomographic inversion for the North Island, New Zealand.

We use our workflow to assess a candidate ray-based 3D tomography model of
New Zealand using waveform misfit quantification. Waveforms are simulated for
250 events recorded on 40 broadband stations, and compared to observations
to characterize model misfit.

Current efforts target a real data inversion using more than 5000 waveform
measurements from 60 earthquakes recorded on up to 100 seismic stations.
Initial results suggest large-scale reductions in shallow structure velocities are
required to improve waveform fits, with velocity changes focused mainly in
offshore regions where resolution of the initial model is not well constrained.
Initial iterations were inverted for using 15–30 s waveforms with large scale
smoothing applied to gradients. Subsequent iterations use 10–30 s bandpass
and shorter smoothing length scales. Results are shown for current Model 12.

Data and Methods
The North Island exhibits high seismicity rates due to active subduction of the
Pacific Plate below the Australian Plate.2,3,4 More than a decade of
earthquake moment tensors5 and broadband seismic data are available
through the permanent seismic network of New Zealand (GeoNet).
Additionally many years of research by Eberhart-Phillips and colleagues have
produced a detailed candidate 3-D velocity model. 6
Figure 1: Map view of the North
Island study region. 30
earthquakes and 58 receivers
used in synthetic inversions are
shown as focal mechanisms and
inverted triangles, respectively.
Earthquakes are chosen to
provide a varied representation of
available focal mechanisms within
the domain.
Beachball size corresponds to
magnitudes; depth information
coded by color. The simulation
domain is outlined by the dashed
black line. Select cities or
landmarks are shown as yellow
circles. Named regions and
tectonic plates are shown with
square name plates. Dotted lines
represent the approximate depth
contours of the subduction
interface, with depths denoted by
inline annotations.

map view

Figure 3: Comparisons of vertical component synthetics (red) and observations (black)
filtered at 10–30 s (left) and 2–30 s (right). Misfit windows used to measure waveform
similarity shown as grey boxes, labelled with time shift (dT), amplitude ratio (dA), and cross
correlation value (cc). Waveforms correspond to labelled map in (D).

Figure 4: Misfit histograms showing all time window measurements collected for 250
earthquakes recorded on 40 stations. Mean, standard deviation, median provided in titles.

Synthetic Checkerboard Inversion
We perform realistic synthetic inversions to demonstrate the workflow and
provide resolution information using a realistic source-receiver distribution. The
inversion sought to resolve perturbations applied to initial model. Perturbations
we’re 80 km wide Gaussians, columnar and ±20%.

Figure 7: S-wave velocity model update with respect to initial model after 12 iterations,
shown in map view (left) and 15 km depth slice (right). Colors approximate percentage
difference ranging ±12.5%. Red colors indicate slower velocities required to fit waveforms.
Green circles show 60 events, recorded on up to 100 receivers shown as white diamonds.
Largest changes seen in offshore regions where resolution of initial model is low.

Relevance to SCEC Community
Efforts towards a high resolution tomographic inversion for the North Island,
New Zealand have led to a set of open-source tools for full-waveform inversion
which can be applied to similarly sized domains like southern California.

Adjoint tomography seeks to iteratively improve existing velocity models by
perturbing model parameters, thereby reducing errors between seismic
waveforms and corresponding 3D numerical simulations of the seismic
wavefield. Our automated workflow tool for adjoint tomography, comprises
three open-source packages: SeisFlows, SPECFEM3D and Pyatoa

Figure 2: A diagrammatic
illustration of the adjoint
tomography workflow,
adapted from Fig. 2 of Liu
& Gu.7
The workflow tools are
capable of automating all
components of the adjoint
tomography workflow,
except for the initial guess
and final appraisal. Except
for the numerical solver,
the workflow is entirely
Python based. Inversions
can be run fully-automated,
or with various levels of
manual intervention
introduced throughout the
inversion.

depth = 15 km

Tools and methods would not only be applicable for iterative inversions using
full waveform tomography, but also for validation studies of existing velocity
models using numerical waveform simulations and waveform misfit
assessment, which may be useful for the SCEC CVM community.

Ongoing work
Ongoing efforts target resolution of small scale structure within the North
Island domain (km scale) using short period (> 3 s) seismic waves to produce
a high resolution velocity model for the region. The resulting model will be
interpreted to further understanding of the enigmatic tectonics in New Zealand.
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