
The 8th European Congress on Computational Methods in Applied Sciences and Engineering 
ECCOMAS Congress 2022 

5 – 9 June 2022, Oslo, Norway 
 
 

 
A symplectic model order reduction method for large-scale seismic wave 

propagation 
 

Muhammad Hamza Khalid¹, Rhys Hawkins2, Matthias Schlottbom3 and Kathrin 
Smetana4* 

1 Faculty of Electrical Engineering, Mathematics & Computer Science, University of Twente, 
Zilverling, P.O. Box 217, 7500 AE Enschede, The Netherlands, m.h.khalid@utwente.nl, 

https://people.utwente.nl/m.h.khalid 
2 Department of Earth Sciences, Utrecht University, Princetonlaan 8a, 3584 CB Utrecht, The 

Netherlands, r.p.hawkins@uu.nl, https://www.uu.nl/medewerkers/RPHawkins 
3 Faculty of Electrical Engineering, Mathematics & Computer Science, University of Twente, 
Zilverling, P.O. Box 217, 7500 AE Enschede, The Netherlands, m.schlottbom@utwente.nl, 

https://people.utwente.nl/m.schlottbom 
4 Department of Mathematical Sciences, Stevens Institute of Technology, 1 Castle Point Terrace, 

Hoboken, NJ 07030, United States of America, ksmetana@stevens.edu, 
https://faculty.stevens.edu/ksmetana 

 
Key Words: (Symplectic) Model Order Reduction, Structure-Preserving Computing, Seismic 
Wave Propagation. 
 
Full waveform inversion to monitor changes in seismicity is a computationally expensive and 
challenging task. The latter is due to the high-dimensional discretization of the seismic wave 
equation that can have millions of degrees of freedom. Moreover, aiming at estimating, for 
instance, the elastic structure at every grid point results in a large parameter space within the 
inverse problem. Model order reduction (MOR) techniques can help to speed-up the 
computations, using low-dimensional models that capture the original system's important 
features. However, for large-scale wave propagation problems, constructing efficient reduced 
models is challenging for several reasons: First, MOR methods can suffer from a slow decay 
of the Kolmogorov n-width for such problems, thus, requiring a large number of basis 
functions to reach the desired accuracy. Second, standard MOR techniques do not guarantee a 
stable solution, despite the original system being stable. In our work, we address the 
mentioned challenges as follows. We propose a symplectic MOR method to construct reduced 
models for the seismic wave equation in the Laplace domain, where the problem is elliptic, 
thus yielding a faster (exponential) decay of the Kolmogorov n-width. In addition, the 
proposed symplectic MOR method ensures the preservation of the original system's structure 
and results in a stable reduced problem.  
 
 
 


