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1. INTRODUCTION 

The 512-processor nCUBE 2 massively parallel computer, originally purchased in 1990, was 

upgraded to provide a capable computing environment for conducting large-scale 2-D and 

3-D wave propagation simulations at the M.I.T. Earth Resources Laboratory (ERL). This 

upgrade involved three major components: (1) additional memory to allow simulations to 

be conducted on larger earth models; (2) additional disk space to allow detailed results of 

these simulations to be recorded for further analysis; and (3) an additional, small nCUBE 2 

computer to be used ultimately as an Oracle database platform and to enable code develop- 

ment work to continue while large-scale simulations were occupying the big machine. The 

memory upgrade was performed in late December, 1995, and the disk upgrade and secondary 

nCUBE 2 installation were performed in the early spring of 1996. 

Quantitatively, the memory upgrade increased the nCUBE 2's aggregate memory from 

2.75 GB (gigabytes) to 5.375 GB, while the disk upgrade added a 100 GB high performance 

parallel filesystem. Before the memory upgrade, the nCUBE 2 had 448 processors with 4 

MB (megabytes) of RAM each and ,64 processors with 16 MB of RAM each. Given this 

configuration and the nature of the parallel finite difference modeling algorithm used in the 

wave simulations, the largest models that could be stored in memory, decomposed among all 

512 processors, comprised 500 by 500 by 180 grid points. The upgrade has quadrupled the 

memory on roughly one-half the machine, i.e., the memory on 224 processors was increased 

from 4 MB to 16 MB. Therefore, the maximum model size has approximately doubled, for 



example, a 1000 by 500 by 180 grid can now be stored. 

In the course of conducting finite difference simulations, snapshots of the surface particle 

velocity field are typically recorded at every tenth-time step to provide a record of the surface 

ground motion. Given the duration of the simulations, the files containing the snapshot data 

grow to several hundred megabytes of data for each of the three Cartesian components of the 

particle velocity. The size of the disk array now makes it possible to archive the results of 

many simulations for comparative analysis. Also, snapshots of particle motion for the entire 

model volume can be saved, although at 100 MB per snapshot, not at the same rate as with 

the surface motion. 

The following sections describe examples of wave propagation simulation performed on 

the upgraded nCUBE 2 computer. 

2. BOSTON BASIN GROUND MOTION SIMULATIONS 

In a previous study (Olsen et ed., 1995), a parallel version of a 3-D elastic finite-difference 

code was run on ERL's nCUBE 2 512-processor computer to simulate earthquake-generated 

ground motions in the Los Angeles Basin. The purpose was to study site amplification 

and scattering effects due to the 3-D structure of the basin. Here we report preliminary 

results of a similar study of the Boston Basin. Using the same finite difference code on our 

nCUBE 2, we simulated the 3-D ground motions within the Boston Basin generated by a 

hypothetical earthquake in the basin. The results of some initial simulations for the Boston 



Basin suggested that the 3-D structure of the sedimentary basin has a significant effect on 

the complexity and amplification of surface ground motions. To better understand the basin 

effects, we have done subsequent simulations, described below, that compare the ground 

motions resulting from the 3-D basin model with those from a simple, 1-D model (layer over 

a half-space) that does not contain a 3-D sedimentary basin. 

For each earth structure model, seismic waves were simulated for a hypothetical Mw 5.8 

earthquake. The earthquake occurs along a vertical, strike-slip fault striking east-west with 

length 6.0 km and height 3.8 km. The fault centroid (point of initiation of the rupture) is 

placed at about a 5 km depth, and the fault was allowed to displace 1 meter to the west. 

For the simulation done with the 3-D basin model, the top of the fault lies 400 meters closer 

to the surface than for the 1-D model. 

Each earth structure model (3-D and 1-D) was gridded with a cell size of 100 meters, 

which permits adequate sampling of wavelengths down to ~600 meters. Given the P propa- 

gation velocity of ~5000 meters/sec in the sedimentary rock of the basin, the peak frequency 

of the simulated ground motion is 8 Hz, with a center frequency of 4 Hz. The size of the basin 

model grid was 401 by 400 by 72 nodes in the east-west, north-south and depth directions, 

respectively. 

The results of the ground motion simulations are shown in Figure 1 (3-D basin model) 

and Figure 2 (1-D two-layer model). From the top frames of the figures we see that the 3-D 

basin model produces peak ground velocities that are strongly variable with position on the 
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Figure 1: Snapshot of peak ground velocity at the surface of the Boston Basin resulting 

from an Mw = 5.8 earthquake (top). Ground motion at surface 25 seconds after start of 
rupture (bottom). The source of the earthquake is a vertical strike-slip fault displaced 
1 m to the west. The fault has a length of 6 km, a height of 3.8 km, a centroid about 
5 km deep, and is located at the southeast edge of the basin (note its lobed radiation 
pattern at the southeast corner of the basin). The earth model consists of a 3-D basin 
of sedimentary rock and irregular geometry surrounded by hard rock (granite). 
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of the ground motion (bottom). 



earth's surface. In contrast, peak velocities for the 1-D model (Figure 2) are rather uniform. 

Also, on average, the 1-D model yields lower peak ground velocities. For the 3-D model 

(Figure 1), the high peak ground velocities forming the lobes of the radiation pattern in the 

immediate vicinity of the fault (southeast corner of the basin) is explained by the fact that 

the top of the fault is shallower than in the 1-D model. 

The bottom frame of Figures 1 and 2 compare snapshots of the surface ground motion 

for the two models. Each snapshot corresponds to the wavefield 25 seconds after rupture 

initiation. We see that the complex pattern of ground motion associated with the basin 

model (bottom frame of Figure 1) stands in sharp contrast to the simple wavefield in the 

layer-over-a-half-space model (Figure 2). The wavefield in the 1-D model is attributed to 

the primary wavefront radiating outward from the source, while the wavefield in the 3-D 

basin model is a superposition of the primary wavefront with waves scattered by the basin 

structure. 

Suggested future work includes expanding the volume of the basin model to ensure against 

possible contamination from artificial ground motion reflections generated at the absorbing 

boundaries. Further, a major modification of the finite difference code is the addition of 

anelastic attenuation operators. The interaction of anelastic attenuation with the effects 

of basin geometry (focusing and scattering of seismic waves) will yield a realistic estimate 

of the absolute levels of ground motion and refine the extent of ground motion variability 

associated with a sedimentary basin structure. 



3. IRREGULAR-GRID MODELING 

Another research project was the development of an irregular-grid method, based on a finite 

volume approximation, for the modeling of wave propagation in crustal models containing 

irregular interfaces and surface topography. This method has the advantage over finite dif- 

ferences in that interfaces in a model (including an irregular free surface) can be represented 

more accurately, and that the grid spacing can vary throughout the model and can thus be 

scaled to the wavespeeds. 

We have implemented 2-D parallel versions of the algorithm for both SH and P-SV 

waves on the nCUBE 2 parallel computer of the Earth Resources Laboratory, using the 

Message Passing Interface (MPI). Using MPI guarantees easy portability of the codes. 

An efficient parallel implementation of the irregular-grid method was considerably more 

challenging than a parallel implementation of a finite difference algorithm, as an efficient 

grid decomposition (in terms of both load balancing and computation-to-communication 

ratio) is far more complicated for an unstructured grid. 

We used the irregular-grid code to study the effect of surface topography on regional 

wave propagation. Figure 3a shows a 2-D crustal model with surface topography. Figure 

3b shows the topography in more detail. The topography was obtained with the online 

profile maker from Cornell University's Middle East and North Africa Project database 

{http://atlas.geo.cornell.edu) for a profile in northern Iran. 

We computed synthetic seismograms for this model with and without including the sur- 
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face topography. The results are shown in Figure 4. There are some distinct differences in 

the waveforms obtained for the two cases. In this example the most prominent differences 

are on the vertical component at larger arrival times (greater than 70 s). More arrivals with 

higher amplitudes are present in the case of surface topography. These arrivals are most 

likely due to surface waves that arise from scattering at the rough surface. 

Our comparison demonstrates that a pronounced surface topography, such as is present in 

many regions (e.g., the Middle East), will have a distinct effect on observed waveforms, and 

should thus be included in the modeling. Our newly developed method provides a valuable 

tool for this task. 

Suggested future work in the area of irregular-grid modeling includes the extension of 

the method to 3-D and its coupling to regular-grid finite differences, which will enable us 

to use irregular grids only in parts of the model, particular in the near-surface region. Such 

a hybrid approach would take advantage of the strong points of either method and thus 

maximize the overall efficiency. 
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