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Probability that wave height will exceed a given level within a certain period of time.

Probabilistic Tsunami Hazard Assessment (PTHA)

Geist and Parsons (2005), Gonzdlez et al. (2009)
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Equations (1)-(6) in Gonzdlez, et al. (2009).
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A few differences in methodology
between Seaside and Crescent City

Model

Seaside
MOST

Crescent City
GeoClaw

Sources

No Japan sources
CSZ ~MO.1

Japan sources
CSZ~9.1 + CSZ<9

Slip Uncertainty

Herrero & Bernard (1994) =>

- slip ~k 2

- approx. symmetric taper
along-dip & along-strike

Karhunen-Loeve
Expansion

- slip ~

- need guidance on taper

Tide Uncertainty

Mofjeld, et al. (2007)
- Gaussian approximation to

the pdf of (tide + tsunami)

Interpolation
- Run model at several

tide levels
- interpolate probability
values

Products

Max wave height

- Max flow depth
- Max flow speed

- Max momentum flux




Time postquake: 1:00

CPU time: 0:01

(1 core of MacBook)

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




Time postquake: 5:00

CPU time: 0:04

(1 core of MacBook)

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




Time postquake: 7:00

CPU time: 0:08

(1 core of MacBook)

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




Time postquake: 7:10

CPU time: 0:09

(1 core of MacBook)

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




Time postquake: 7:45

CPU time: 2:32

(1 core of MacBook)

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




Time postquake: 8:00

CPU time: 4:49

(1 core of MacBook)

Level 1: Az = 2°
Level 6: Az =1/3"
Ratios: 3,4,5,8,45.
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Source Specification

Table 1. Source Specification for Earthquakes Used in This Study®

Source Location M Length (km) Width (km) Slip (m) ( TM Is mean N e ar_Fi el d C S Z 3

AASZ 9.2 1000 100 17.7 inter-event time)
AASZ 9.2 1000° 100 17.7°

AASZ 9.2 1200 100 14.8¢ . . .

AASZ 9.2 1200 100 14.8 Sllp Reallzatlons

AASZ 8.2 300 100 2.1
AASZ 8.2 300 100 2.1
AASZ 8.2 300 100 2.1
KmSZ 8.8 500 100 9.8
KmSZ 8.8 500 100 9.8
KrSZ 8.5 300 100 5.8
KrSZ 8.5 300 100 5.8
KrSZ 8.5 300 100 5.8
SChSZ 95 1100° 100 40.0
CSZ 9.1 1100°¢ Variable Variable

All Sources: Far- & Near-field
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F. 1. Gonzalez, UW/ESS
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New CSZ Sources 2-6 based on Goldfinger et al.’s (2004-20012) turbidite work.
Frankel’s strawman fault parameters (---). Pollitz, et al. (2010) fault planes (---).
McCrory et al. (2012) CSZ Geometry (---).

230 232 234 230 232 234
Longitude Longitude
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Seaside Study — CSZ Slip Distribution
Uncertainty

* Fluck, et al., 1997 fault geometry

* 105 quadrilateral elements

e Stochastic variation of slip
-Herrero & Bernard (1994)

e Constraint:
-M=9.1

e Okada, 1985 crustal deformation

* 12 Realizations adequately capture
the variance of offshore
maximum wave height




Karhunen-Loeve Expansion for Stochastic Slip Realizations
(Working toward Von Karman C(x,y), ala Mai & Beroza (2002), and arbitrary geometry )

Tapering function, symmetric:

The expansion can be calculated
direction by direction to obtain:

Hence the eigenvalues in 2d are
and the eigenfunctions are \ ]

Taper width along strike = 10km

/ / \ The x-dependent part can be replaced with

global mean independent stochastic variables the formula from Wang and He (2008)

Average slip model:

/

Mean slip s(x),
symmetric model.

Normalized eigenvalues. Eigenfunctions for L=50km




Along-dip Tapers
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Effect of tides on inundation at Crescent City

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

Maximum inundation at MLW: at MHW:

R. J. LeVeque, University of Washington ptha/tidesCC2.be




Tidal Stage uncertainty

Mofjeld, et al., (2007): Effects of tides on maximum
tsunami wave heights: Probability distributions, J.
Atmos. Ocean. Technol., 24 (1), 117-123.

Construct a Gaussian approximation to PDF
of (Tsunami + Tide) time series

where [QCRRIER/CMAIREI(] for tides & , the series mean C, and standard deviation o ,

with €, and o approximated by a function of ﬁ and standard tidal parameters:

F. 1. Gonzalez, UW/ESS



Tidal uncertainty

Crescent City bathymetry uses vertical datum MHW.

Tidal range:
MSL~MHW —1m. MW=x~MHW —2m.

Let s = tide stage relative to MHW.

Basing PTHA on MHW simulations is conservative,
but not consistent with probabilistic approach.

Unless: Large waves come in for so many hours that some
wave will almost surely hit at high tide no matter when first
wave arrives.

R. J. LeVeque, University of Washington ptha/tidesi.be




Tidal uncertainty

Suppose we determine for a given event that largest waves are
all seen within a period of At hours after arrival of first wave.

Then we can use tide record to determine the cumulative
probability that the tide stage will be above s at some time
between t and ¢ + At. (Where t is assumed to be a random
time in tide cycle when first wave hits.)

R. J. LeVeque, University of Washington ptha/tides2.be




Tidal uncertainty

For example, if At = 2 hours is appropriate for this event:

R. J. LeVeque, University of Washington ptha/tides4.be
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Maximum flow velocity and momentum flux

Can also do study of maximum velocity or momentum flux.

flow velocity s = vu? + v? momentum flux hs?

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






