
The methodology I have co-developed enables us to simulate seismic wave propagation at unprecedented resolutions. It has 
already been used to show that the oceans have a more significant effect on seismic waves than was previously believed, and 
to evaluate whether the landing of the Perseverance Rover on February 18 can be used to calibrate InSight’s seismometers. 
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Developing new computational methods to study the Earth and Mars through seismology

1. INTRODUCTION
Why seismology? It’s key to understanding the interiors of planets and how earthquakes - the 
most costly and deadly natural disasters - begin. 

Why computational methods? Computer-based simulation and modelling confirm and enhances 
the understanding we develop using observations. 

Why new techniques? Increased computer power can improve simulations by avoiding unphysical 
assumptions used in past methods.

2. METHODOLOGY

The code I have co-developed (AxiSEM3D; Leng et al, 2019 & Fernando et al, 2020) is the first open-source method 
capable of simulating seismic wave propagation in the oceans and atmosphere on a global scale in 3D. It is also more efficient 
than conventional methods, resulting in lower energy and environmental costs for simulations. 

3. APPLICATIONS
Part 1 - Earth’s Oceans (Fernando et al, 2020) Part 2 - Mars’ atmosphere (Fernando et al, 2021)  

AIM: to understand how seismic waves are affected by 
propagating through the ocean.  

RATIONALE: the largest earthquakes are at ocean margins; 
better modelling is needed to understand how they begin. 

AIM: to evaluate whether the seismometers on the NASA 
InSight mission will detect the Perseverance Rover’s landing. 

RATIONALE: This seismic event (the only one on Mars with 
known time and location) could be used as a calibration.  

Fig 3: Seismograms showing waves from Perseverance’s landing at InSight’s 
position. The peak values are above the noise level 40% of the time.

Fig 2: the effect of the 
ocean on waves from the 
2015 PNG Earthquake. A 
series of simulations allow 
us to constrain the ocean’s 
effects on waves from the 
largest earthquakes. 

ANIMATION 
bit.ly/ocean-animation

RESULTS: Simulations show that the oceans have a much 
greater effect on seismic waves than was previously believed. 

RESULTS: The reasonable best case suggests a chance of 
detection of 40%, based on noise from one Mars year ago. 

4. CONCLUSIONS
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Fig 1: a seismic ‘mesh’ for Mars
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