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Visualizing the Seismic Wavefield Using AlpArray

Goal: Provide a comprehensive visualization to demonstrate the transformation from 
translation measurements to spatial gradients of the wavefield.

Approach: Combining (1) the three-component ground motion visualization (GMV) 
on a map, travel-time estimation, (2) ray path illustration, and (3) array analysis 

to visualize the spatial-temporal evolution of both body and surface waves. 

http://www.alparray.ethz.ch/
mailto:angel.ing@erdw.ethz.ch
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Array Data and Preprocessing
Parameters

Event 2016-2019; MW ≥ 7
Network AlpArray and neighboring networks
Channel HH?
Duration 2 hours of data after origin time

Instrument response Removed (output as displacement)
Data sampling rate 10 samples/s

Filter type Cosine taper: 5%; Linear detrend;
Butterworth-Bandpass filter degree 4

Filter period range 50-200 s
Travel-time/slowness estimation IASP91 Earth model

Rayleigh reference velocity/slowness 4.0 km/s (27.8 s/deg)
Love reference velocity/slowness 4.4 km/s (25.3 s/deg)

Station threshold to remove noisy stations σ ≤ 0.25
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3C GMV
1
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Reference seismograms in vertical, 
radial, and transverse component

Estimated arrivals of selected seismic 
phases are indicated on the seismograms.
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3C GMV
1
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3C GMV
1 Sliding-window 

FK Analysis on 
Z components

3

Ray Path 
Estimation

2

Slowness
(s/deg)

Sub-array for 
FK analysis

Time window for 
FK analysis Parameters P waves Other wave 

types

Slowness 
range 0-10 s/deg 10-50 s/deg

Time window ± 30 s ± 100 s

Period range 5-30 s 50-200 s

Slowness bin 2 s/deg

Backazimuth 
bin 10° 5°

Theoretical 
backazimuth
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SS arrives at the subarray with an estimated slowness of 
14−16 s/deg and backazimuth of 285°−290°, close to the 

theoretical slowness of 14.6 s/deg and backazimuth of 289.2°.

Teleseismic Body Wave Observations

Link to movie: Mexico_20170908_M8.2_3C_FKanalysis_raypath.mp4

https://n.ethz.ch/~angling/download/GMV_movies/M5_Mexico_20170908_M8.2_3C_FKanalysis_raypath.mp4
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Surface Wave Observations – Rayleigh Waves 

The wavefield shows multiple 
Rayleigh wave groups in 

retrograde motion and an 
inverse dispersion. 

The maximum relative power in this time window has an estimated 
slowness of 26−28 s/deg and backazimuth of 285°−290°, close to 

the theoretical slowness 27.8 s/deg and 289.2°.  Link to movie: Mexico_20170908_M8.2_3C_FKanalysis_raypath.mp4

https://n.ethz.ch/~angling/download/GMV_movies/M5_Mexico_20170908_M8.2_3C_FKanalysis_raypath.mp4
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Again, the wavefield shows 
multiple Rayleigh wave groups 
in retrograde motion and an 

inverse dispersion. 

The maximum relative power in this time window has an estimated 
slowness of 26−28 s/deg and backazimuth of 195°−200°, which shows 
a slightly negative deviation from the theoretical backazimuth of 202.7°.  Link to movie: SouthAtlantic_20160819_M7.4_3C_FKanalysis_raypath.mp4 

Surface Wave Observations – Arrival-angle Deviations of Rayleigh Waves 

https://n.ethz.ch/~angling/download/GMV_movies/M1_SouthAtlantic_20160819_M7.4_3C_FKanalysis_raypath.mp4
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Surface Wave Observations – Arrival-angle Deviations of Rayleigh Waves 

In this time window, the backazimuth deviation of Rayleigh 
waves reaches about −15°, indicating a southward shift in 

propagating direction over time.

A curvature of the 
longer-period wavefronts 

can be observed.

Link to movie: SouthAtlantic_20160819_M7.4_3C_FKanalysis_raypath.mp4 

https://n.ethz.ch/~angling/download/GMV_movies/M1_SouthAtlantic_20160819_M7.4_3C_FKanalysis_raypath.mp4
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The second non-planar wavefront is propagating especially 
off from the expected direction, which corresponds with the 

scattered energy that has larger slowness on the f-k diagram.

Surface Wave Observations – Arrival-angle Deviations of Rayleigh Waves 

Two wavefronts 
orienting at different 
angles can be seen.

Two groups of energy 
with different 

slownesses are arriving 
at the subarray.

Link to movie: SouthAtlantic_20160819_M7.4_3C_FKanalysis_raypath.mp4 

https://n.ethz.ch/~angling/download/GMV_movies/M1_SouthAtlantic_20160819_M7.4_3C_FKanalysis_raypath.mp4
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§ Our AlpArray-based animations connect spatial-temporal wavefield and time-dependent 
array method to visualize the evolution of teleseismic waves over time, capturing both 
small- and large-scale wave propagation phenomena.

§ The continental-scale array aperture with small station spacing allows the visualization 
of wavefield gradients without the problems of aliasing.

§ Visual inspection can be made on different waves by extracting phase information 
directly from the animated wavefield and array analysis.

§ These animations can serve as an educational and research tool. 
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Conclusion

Wavefield movies can be viewed here: 
https://n.ethz.ch/~angling/download/GMV_movies/

https://n.ethz.ch/~angling/download/GMV_movies/
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