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Much of ALLCAL progress this 
year overlaps that of the Earthquake 
Simulator Project. In 2012, that 
Group focused on the production of 
a special section of Seismological 
Research Letters (Novem-
ber/December, 2012). The section 
consisted of five individual papers 
and two overview/comparison ones. 
My contribution to the special sec-
tion was entitled “ALLCAL Earth-
quake Simulator”. Research pro-
gress in this area was included in 
my final report ‘Comparison and 
Validation of Earthquake Simula-
tors’. 
 
New and exciting research progress 
was made in a different area -- that 
of earthquake rupture simulation 
and tsunami generation in the Santa Barbara Channel. During the past two SCEC Annual Meet-
ings, SCEC geologists have presented new evidence that the Ventura and Pitas Point faults may 
‘link together’ and rupture simultaneously in earthquakes far larger than had been previously be-
lieved. Because for much of their length, these faults lie under Santa Monica Bay and Santa Bar-
bara Channel, a sizeable thrust event on this linked system could pose a serious, and previously 
unrecognized hazard in the form of tsunami. In 2012 I have been modeling the tsunami and in-
undation extent of various faulting scenarios that might be that arise from applications of 
‘ALLCAL–style’ physics-based earthquake simulations on those faults. 
 
The accompanying figure and the Quicktime movies below well show the products of this re-
search--- 

 
 http://es.ucsc.edu/~ward/Ventura-tsunami.mov 
http://es.ucsc.edu/~ward/Ventura-tsunami5.mov 
 http://es.ucsc.edu/~ward/Ventura-tsunami3.mov 
 http://es.ucsc.edu/~ward/Ventura-tsunami11.mov 

 
 

 
Initial tsunami simulation for a major earthquake on the linked 
Ventura/Pitas Point fault system. View is west from the 
Ventura/Oxnard coast. The fault strikes straight out into the Santa Bar-
bara Channel. The cross sections at lower right coincide with dashed 
lines labeled S1 and S2. 
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I. ALLCAL Earthquake Simulator 
     In 2012, we continued to improve understanding of earthquake predictability and hazard by 
means of designing and tuning of earthquake simulators. Since 2009 there has been a concerted 
effort by the newly formed Earthquake Simulator Group to collectively advance the field. This 
collaboration called the "Earthquake Simulator Project" has spawned a number of new research 
directions. In 2012, the Group focused on the production of a special section of Seismological 
Research Letters (November/December, 2012). The section consisted of five individual papers 
and two overview/comparison ones. My contribution to the special section was entitled 
“ALLCAL Earthquake Simulator”. Much of ALLCAL progress this year overlaps that of the 
Simulator Project. Rather than repeat what was presented in my 2012 progress report ‘Compari-
son and Validation of Earthquake Simulators’, it seems more useful to pass on SCEC-relevant 
results that I’ve made in a different area, that of earthquake rupture simulation and tsunami gen-
eration in the Santa Barbara Channel. 

 
Figure 1. Initial tsunami simulation for a major earthquake on the linked Ventura/Pitas Point 
fault system. View is west from the Ventura/Oxnard coast. The fault strikes straight out into 
the Santa Barbara Channel. The cross sections at lower right coincide with dashed lines la-
beled S1 and S2. 
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II.  Rupture Simulation and Tsunami 
 During the past two SCEC Annual Meetings, SCEC geologists have presented new evi-
dence that the Ventura and Pitas Point faults may ‘link together’ and rupture simultaneously in 
earthquakes far larger than had been previously believed. Because for much of their length, these 
faults lie under Santa Monica Bay and Santa Barbara Channel, a sizeable thrust event on this 
linked system could pose a serious, and previously unrecognized hazard in the form of tsunami. 
In 2012 I have been modeling the tsunami and inundation extent of various faulting scenarios 
that might be that arise from applications of ‘ALLCAL–style’ physics-based earthquake simula-
tions on those faults. 
 To get the ball rolling I stitched together multi-element ALLCAL versions of Ventura, 
East Pitas Point and West Pitas point faults into a fairly continuous fabric. As advised by geolo-
gists, I placed pure thrust motion on the 45 degree dipping fault system with variable slip ranging 
from 11 m in the east tapering to 4 m in the west. The fault system stretches for over 100 km and 
extends 40 km down dip. The summed seismic moment for this case is nearly equal to Mw=8.  
Naturally, the details of fault geometry and slip distribution can be adjusted, but according to 
current geological thinking, these parameters are representative of the scale and style expected.  
   Figure 1 presents a perspective view west down the length of the Santa Barbara Channel. Fore-
ground left and right sit Oxnard and Ventura. At half-distance along the right coast is Santa Bar-
bara. To the left you 
see the members of the 
Channel Islands Na-
tional Park. The top of 
the subject fault sys-
tem runs straight out 
from the coast on the 
right side of the Chan-
nel. Over a 60s rise 
time, the simulated 
quake pushes up a 90 
km long ridge of water 
six meters high on the 
north, up-thrown side 
of the fault. On the 
southern, footwall 
side, the sea and sea-
floor drop by about 1 
meter. Within four 

 
Figure 2. Perspective view north extending from Point Conception (upper 
left) to Palos Verdes (lower right) showing the tsunami at T=15 minutes. The 
wave is now passing Oxnard. Note the 4-6 m wave bank-up on the north 
sides of Santa Cruz (A –A’) and Anacapa Islands (B-B’). 

To view the simulations click on or drag & drop these links-- 
Figure 1:  http://es.ucsc.edu/~ward/Ventura-tsunami.mov 
Figure 2:  http://es.ucsc.edu/~ward/Ventura-tsunami5.mov 
Figure 4:  http://es.ucsc.edu/~ward/Ventura-tsunami3.mov 

 http://es.ucsc.edu/~ward/Ventura-tsunami11.mov 
 
 

Figure 4:  http://es.ucsc.edu/~ward/Ventura-tsunami3.mov 
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minutes, the water ridge collapses under its own weight and divides into two opposite traveling 
waves. By 8 to 12 minutes a 6 m wave has struck the coast between Ventura and Pitas Point. 
Further west toward Santa Barbara, the wave drops to 2 meters height, more or less in proportion 
to the assumed taper in fault slip. By 16 minutes, waves land on Channel Islands with strengths 
also decreasing westward in proportion fault slip. Keep in mind that close in to earthquakes, the 
extent of tsunami inundation depends both on wave height and any coseismic elevation change. 
This is especially telling in the Ventura/Pitas Point scenario because the coast to the north is up-
lifted making it less vulnerable to the 9 m wave tsunami heading that way. On the down thrown 
side of the fault, the Ventura-Oxnard coast faces more serious issues with inundation.  

    Figure 2 shows a view north at T=15 minutes as the wave passes Oxnard and is about to turn 
east. Current surge height is current elevation plus current flow depth. For places that get wet, 
peak surge height is the same as run up 
height. For locations whose current ele-
vation changes due to co-seismic dis-
placements, interpretations become more 
involved because adjacent ocean rises 
and falls too, regardless of later wave ac-
tion. Figure 3 shows peak surge height 
after 58 minutes. Perhaps you might not 
have imagined, but a quake on the 
Ventura-Pitas point system produces a 2 
m tsunami in the Venice Beach/LAX re-
gion (Figure 3, right). Two meters may 
not sound like much, but on a busy sum-
mer day with a beach full of visitors, it 
would be a mess. 
    Figure 4 shows the time history of 
surge (surge = elevation + flow depth) 
and flow depth versus time at potential 
paleoseismic sites. As we have said, for 
locations close to earthquakes, it can be 
complicated to separate variation in sea 

 
Figure 4.  Time history of surge (top) and flow depth (bot-
tom) at five potential paleoseismic sites. It is difficult to see 
on this scale but the thin tan line tracing the coast between 
Ventura and Isla Vista, is land once under water, but left 
high and dry. 

 
Figure 3.  Blow ups showing peak surge heights in decimeters at 58 minutes. Values over 10 m appear 
where the fault comes ashore near Ventura (left). For many locations near the fault however, the surge 
value is largely due to the uplift component and not inundation. Surge approaching 2m occurs north of 
Palos Verdes (right). 
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level due to wave action and variation in sea level due to elevations changes. These models 
however, contain both types of information and they should be helpful in interpreting what may, 
or may not, occur at a given site. For instance in this case, Isla Vista, Carpentaria and Pitas Point 
were uplifted coseismically, but only Isla Vista and Carpentaria were inundated by the subse-
quent tsunami. Ventura and Oxnard down dropped, flooded and experienced oscillating flows 
for an hour and more. During a ‘dry spell’, the 
down dropped points were exposed completely as 
water temporarily retreated below sea level. 
 
III. Computational Method. 
    For those who would like a word on how these 
simulations are done, consider a regular set of N 
square cells with dimension Dc and center points 
ri=(xi,yi). At time t each cell holds water of thick-
ness Hi(t)=H(ri,t), with mean horizontal velocity 
vi(t)=v(ri,t), and mean horizontal acceleration 
ai(t)=a(ri,t) (Figure 5, top left). For dry locations 
Hi(t) would be zero of course. The entire concept 
of wave propagation involves updating those con-
ditions to time t+dt. There are many ways to this 
but we employ, “tsunami squares” a variant of 
“tsunami balls” (Ward and Day, 2008). 

Pick one cell, say i=10 (red square, Figure 5 
top right). With its known velocity and accelera-
tion displace the water cell to a new center point 

€ 

˜ r i = ri(t) + vi(t)dt + 0.5a i(t)dt
2    (1) 

and give it a new mean velocity 

€ 

˜ v i = vi(t) + a j (t)dt      (2) 
We wish to partition the volume and linear momentum of the water in the displaced cell among 
the N original cells. A bit of thinking tells you that the partitioned volume of the displaced i-th 
cell into the j-th original cell is 

€ 

δV ji = (HiDc
2)(1−

˜ x i − x j

Dc

)(1−
˜ y i − y j

Dc

) if
˜ x i − x j

Dc

<1 and
˜ y i − y j

Dc

<1;

otherwise δV ji = 0
   (3) 

Clearly there is no need to run the partitioning through all j=N cells because at most, only four 
original cells overlap the displaced one (Figure 2, bottom left). Moreover since 

€ 

˜ r i is known and 
the cells are square, it is simple to determine which four cells overlap. 
Partitioning of vector linear momentum follows in the same way 

€ 

δM ji = (ρwHiDc
2 ˜ v i)(1−

˜ x i − x j

Dc

)(1−
˜ y i − y j

Dc

) if
˜ x i − x j

Dc

<1 and
˜ y i − y j

Dc

<1;

otherwise δM ji = 0
     (4) 

The N updated thickness and velocity values on the original grid come from summing and nor-
malizing (3) and (4) over all i displaced cells 

 
Figure 5. Wave propagation concept. 
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€ 

H j (t + dt) =

δVji
i=1

N

∑
Dc
2  (5)                

€ 

v j (t + dt) =

δM ji
i=1

N

∑
ρwDc

2H j (t + dt)
    (6) 

 
Because only four of δVji and δMji are non-zero for each i, the sums in (5) and (6) involve 4N 
terms (not N2).  
   This process has time-stepped a wave propagation/flow simulation on a fixed grid while: 
(1) conserving water volume exactly  
(2) conserving linear momentum exactly. 
(3) making no special treatment of dry cells or mention of seafloor topography at all.  
(4) reducing a N2 summation to a 4N one.  
(5) obviating the need for a single numerical derivative. 
 
Accelerations: To complete the time step, we must update mean cell accelerations ai(t). As is 
customary in ‘long wave’ theory, mean acceleration of water in the cell is proportional to the 
slope of water’s upper surface 

€ 

ζ(ri,t) 

€ 

a i(t) = ag (ri,t) = −g∇hζ(ri,t) = −g∇h T(ri) +H(ri,t)[ ]        (7) 
H(ri,t)=Hi(t) is the water thickness found above, T(ri) is the topography taken negative below 
sea level, and g is the acceleration of gravity, and 

€ 

∇h is the horizontal gradient.  
The 

€ 

∇hζ(ri,t) in (7) is the only step where a numerical derivative needs to be evaluated. We 
avoid even this sole differentiation however, by fitting a plane to several points 

€ 

ζ(ri,t) in the vi-
cinity of ri and fixing the horizontal gradient from the slope of that surface. This plane-fitting 
approach helps stabilize the calculation by estimating the gradient across a two-dimensional re-
gion versus adjacent points alone. Another advantage of the plane-fitting approach is the ability 
to “punch out” certain locations near ri by excluding them in the fit. Where wet cells are near dry 
ones say, normally you would “punch out” the dry sites in the calculation of the slope of the fluid 
surface 

€ 

ζ(ri,t). 
Sources: Given an initial distribution of still water H(ri,t), there are several ways to introduce 
waves.  One method I call No Momentum Transfer (NMT). In NMT, sea bed topography be-
comes time dependent, i.e. T(ri) in (7) goes to T(ri,t). NMT vertically lifts up or drops down the 
water the water in each cell. Gravity acts on the disturbed water surface to make flows or waves, 
but no momentum is transferred in the lifting itself. NMT has history back to the very begin-
nings of tsunami simulation. NMT is useful for simulating earthquake tsunami (like the ones 
shown here) or long run out submarine landslides. 
 
Outreach:  One of the wonderful aspects of scientific simulation is that it is easy for anyone to 
understand the concepts. Movies like these make perfect material to outreach to the general pub-
lic. For example, I’ve written a blog on the possibility of a Ventura tsunami: 

http://www.openhazards.com/content/ventura-highway 
I intend to make a YouTube version of Ventura Tsunami shortly. 
Future:  I’ve put in a 2013 SCEC proposal to continue work in this area of research. 
 
Publication: Ward, S. N., 2012. ALLCAL Earthquake Simulator, Seismological Research Let-
ters, November/December 2012, v. 83, p. 964-972, doi:10.1785/0220120056.  SCEC contribu-
tion number 1633. 


