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Probabilistic Post-processing <==== GeoClaw Simulations
11 March 2011 Tohoku event

Time postquake: 1:00

CPU time: 0:01

(1 core of MacBook)

Level 1: �x = 2�
Level 6: �x = 1/3"
Ratios: 3,4,5,8,45.

R. J. LeVeque, University of Washington NTHMP workshop, PMEL, July, 2012

11 March 2011 Tohoku event

Time postquake: 8:00

CPU time: 4:49

(1 core of MacBook)

Level 1: �x = 2�
Level 6: �x = 1/3"
Ratios: 3,4,5,8,45.

R. J. LeVeque, University of Washington NTHMP workshop, PMEL, July, 2012

González, et al., JGR, 2009
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Phase I:  Flooding Depth Annual Probabilities of Exceedance

500-yr

100-yr• Sponsor
- BakerAECOM, as part of FEMA RiskMAP 

program. 
• Final Report completed on 31 January 2013

https://digital.lib.washington.edu/
researchworks/handle/1773/22366

• Primary Products:  
- 0.01 and 0.002 Annual Probability of Flood 

Depth Exceedance
• Sources:

- 2011 Bandon, OR Study:  Witter, et al., 
Simulating Tsunami Inundation at Bandon, 
Coos County, Oregon, Using Hypothetical 
Cascadia and Alaska Earthquake Scenarios, 
DOGAMI SP 43.

- 15 Sources viewed as stochastic realizations 
with conditional probabilities

• Improvements to PTHA Tidal Methodology:
- Adams, et al. (2013), Incorporating Tidal 

Uncertainty Into Probabilistic Tsunami 
Hazard Assessment (PTHA) for Crescent 
City, CA (in preparation).
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Effect of tides on inundation at Crescent City

Source: One of 12 CSZ Mw 9.1 realizations (worst case)

Maximum inundation at MLW: at MHW:
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Physics of Improved Tidal Uncertainty Methodology
Physics Mofjeld, et al. (2007) Adams, et al. (2013)

Tide Effect on 
Inundation

     No nonlinear inundation effects.  Estimated by 
Gaussian approximation to PDF for tide + 
tsunami, using station tide gage constants.

Direct nonlinear modeling at multiple 
levels:  MLW, MSL, MHHW

Tsunami
Time Series

Synthetic (based on Van Dorn, 1984):
  • T=20 minutes
  • 2-day decay time
  • multiple amplitudes

GeoClaw output at each cell.

lar to the method used by Houston and Garcia (1978) in
their statistical study of tsunamis along the U.S. West
Coast.

Of particular interest in the present study are where
the maximum wave heights tend to cluster in elevation
above MLLW and how the spread in elevation of the
PDFs depend on the initial tsunami amplitude relative
to the tidal range. It is found that a simple Gaussian
form fits the PDFs reasonably well. Furthermore, modi-
fied exponential laws are found to closely approximate
the dependences of the PDF mean heights and standard
deviations on the initial tsunami amplitude; these two
parameters are sufficient to quantitatively determine
the Gaussian PDF. The coefficients in the exponential
laws provide a concise characterization of the tidal ef-
fects on the maximum tsunami heights for a given lo-
cation.

In the next section, theoretical tsunamis are super-
imposed on predicted tides on the open coast at Sea-
side, Oregon. These mixed semidiurnal tides are typical
of those along the U.S. West Coast. This serves to il-
lustrate the influence of the tides on the maximum of
the total wave height (tsunami wave plus tide) for wave
trains of various initial amplitudes. This height is la-
beled by the arrival time of the first tsunami wave peak
so that time series (loci) of maximum wave heights can
be plotted as functions of the arrival time. In section 3,
it is convenient to use the differences between these
heights and the initial tsunami amplitude in order to
compare PDFs when the initial amplitude is varied.
Subsequent sections justify the modified exponential
laws for the coefficients in the Gaussian approximation
to the tsunami PDFs and present values of these coef-
ficients for 29 U.S. Pacific tide stations plus the Seaside
location. The discussion addresses the influence of the
18.6-yr nodal cycle of the tides, the insensitivity to using
observed or predicted tides for fitting the coefficients,
and limiting the application of the theory to situations
where nonlinear interactions between tsunamis and the
tides can be neglected.

2. Tsunami time series
Figure 1 shows a typical tsunami time series used in

this study. The wave period of 20 min is within
the middle range (10–40 min) of major transpacific
tsunamis striking the U.S. West Coast. The theoretical
tsunami arrives at Seaside, Oregon (46!00.1°N,
123!55.7°W), at 0000 UTC 2 January 2004. The tides at
Seaside are typical of those along the northwestern sec-
tion of the West Coast; this is also the site for a proba-
bilistic tsunami pilot study recently carried out by the
Federal Emergency Management Agency (FEMA), the
National Oceanic and Atmospheric Administration

(NOAA), and the U.S. Geological Survey (USGS). De-
caying exponentially in amplitude, the maximum tsu-
nami height (4.91 m above MLLW) for this event then
occurs at 1604 UTC, the next higher high water. The
use of an exponentially decaying envelope to charac-
terize the maximum wave heights along sections of tsu-
nami time series is justified by the case studies and
stochastic modeling of Mofjeld et al. (1997, 2000). In
Fig. 1 as well as elsewhere in the study, the decay co-
efficient (" # 2.0 days) is set by observations of Pacific-
wide tsunamis (e.g., Mofjeld et al. 2000). The predicted
tides are based on 37 harmonic constants, where those
for O1, K1, N2, M2, and S2 are from the Eastern North
Pacific 2003 (ENPAC 2003) tide model (for details, see
Spargo 2003; Mofjeld et al. 2004a); the others are in-
ferred from observed relationships at South Beach, Or-
egon (44°37.5$N, 124°02.6$W).

Moving the tsunami arrival time to progressively
later times then generates time series for the maximum
wave height as functions of tsunami amplitude and ar-
rival time. Figure 2 shows the maximum wave height for
successive time series when arrival time is moved for-
ward every 15 min over 1-min sampled predicted tides
and the tsunamis have initial amplitudes ranging from
0.5 to 9.0 m. The result is a set of serrated patterns that
grow in amplitude as the tsunami amplitude increases.
For small amplitude tsunamis, the maximum heights

FIG. 1. Example of a water level time series consisting of a
theoretical tsunami adding to predicted tides at Seaside, OR. The
tsunami arrives at 0000 UTC 2 Jan 2004 and then decays expo-
nentially in time after the first wave. At the time resolution
shown, the rapidly oscillating (20-min period) time series appears
as a solid distribution between decaying envelopes.
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Phase II:  Current Speed and Momentum Flux Annual Probabilities of Exceedance

• Primary Products:  
- 0.01 and 0.002 Annual Probability of Exceedance for Flood Depth, Current Speed and Momentum Flux
- Use sources consistent with USGS NSHM Program

• GeoClaw Currents Compared to Field Data:
- Amanda R. Admire, 2013: Observed and modeled tsunami current velocities on California's north coast. 

Humboldt State University.  (Available at http://humboldt-dspace.calstate.edu/handle/2148/1458.)

Preliminary Comparison of Geoclaw current computations with field estimates of maximum 
current speed in Crescent City harbor during the 2011 Tohoku Tsunami 

Figures are warped to ease comparison. Note that in the eddy 
of the small boat harbor, the Geoclaw estimates of maximum 
current speed are consistent with the field estimates of  ~ 1 – 5 m/s . 

~3#
~4#

~5#

~2#
~1#
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Menlo Park Workshop (3-4 June 2013): “Sources should be consistent with USGS NSHM Program.”
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Candidate Goldfinger et al. (2004-2012)  Sources

230 232 234 236 238 240

40

42

44

46

48

50

52

 Crescent City

Longitude

La
tit

ud
e

Blair−McCrory Contours
Politz Fault Planes
Frankel scenario1.in: Mw 9, T = 513

230 232 234 236 238 240

40

42

44

46

48

50

52

 Crescent City

Longitude

La
tit

ud
e

Blair−McCrory Contours
Politz Fault Planes
Frankel scenario2.in: Mw 8.8, T = 10000

230 232 234 236 238 240

40

42

44

46

48

50

52

 Crescent City

Longitude

La
tit

ud
e

Blair−McCrory Contours
Politz Fault Planes
Frankel scenario3.in: Mw 8.6, T = 5000

230 232 234 236 238 240

40

42

44

46

48

50

52

 Crescent City

Longitude

La
tit

ud
e

Blair−McCrory Contours
Politz Fault Planes
Frankel scenario4.in: Mw 8.4, T = 2500

230 232 234 236 238 240

40

42

44

46

48

50

52

 Crescent City

Longitude

La
tit

ud
e

Blair−McCrory Contours
Politz Fault Planes
Frankel scenario5.in: Mw 8.6, T = 10000

230 232 234 236 238 240

40

42

44

46

48

50

52

 Crescent City

Longitude

La
tit

ud
e

Blair−McCrory Contours
Politz Fault Planes
Frankel scenario6.in: Mw 8.2, T = 5000

1: M9.1, T=520y! 2: M8.8, T=10000y! 3: M8.6, T=5000y!

4: M8.4, T=2500y! 5: M8.6, T=10,000y! 6: M8.2, T=5000y!

Candidate USGS NSHM Sources

                        Bandon sources                            Basis for sources consistent with NSHM
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Summary

• Phase I
- PTHA of Flood Depth
- 0.01 and 0.002 annual probabilities of exceedance (100- and 500-yr events)
- Developed improved tidal uncertainty methodology
- Completed 31 January 2013 (https://digital.lib.washington.edu/researchworks/handle/1773/22366 )

- But ... used Bandon Sources, which are not entirely consistent with USGS National Seismic 
Hazard Mapping Program

• Phase II
- PTHA of Flood Depth, Currents and Momentum Flux
- 0.01, 0.002 and 0.0004 annual probabilities of exceedance (100-, 500- and 2500-yr events)
- URS developing sources consistent with USGS National Seismic Hazard Mapping Program
- Completion by 3 December 2013


