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Overview of Tsunami Modeling

* GUIDING PHILOSOPHY:
Most serious threat = local Cascadia subduction zone (CSZ) tsunamis
 THUS with limited resources we:

1. Limited distant tsunami scenarios to maximum considered historical and hypothetical
events.

2. Limited local CSZ scenarios to best deterministic representation of the 10,000-yr
paleoseismic record.

3. Used a static tide at MHHW (mean higher high water).
4. Used the finite element model SELFE with unstructured grids:

e Highly efficient, parallel processing

* Simulates very small features such as jetties without multiple, nested grids

5. Tested CSZ sources for compatibility to data from:
e Paleotsunami deposits
e Paleosubsidence
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1. Megathrust rupture (whole s2)

2. Splay fault rupture (at Pleis.-Plioc. contact)

3. Deep megathrust rupture

(ends at Pleistocene wedge)

* Fault geometry of McCrory et al. (2004)

* (Okada (1985) point source model

* Dynamic coulomb wedge theory
(Wang and Hu, 2006)

jip &

McCrory et al. (2004)
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Fault Model

* Deep megathrust rupture
— “Deep buried rupture”
— Coseismic slip limited to inner, Tertiary wedge
— OQOuter wedge poorly coupled
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Use paleoseismology as
the foundation for
tsunami modeling

10,000-yr record of deep sea
turbidites

Coastal evidence of coseismic
subsidence and tsunami inundation

Tsunami deposits in an Oregon
coastal lake (Bradley Lake)

Tsunami deposits in an Oregon bog
(Ecola Creek marsh, Cannon Beach)
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Assumptions for CSZ logic tree:

A\

Full-margin ruptures efficiently depict the tsunami hazard (e.g., Priest et al., 2014)

A\

Peak slip deficits = times between full-margin (sand) turbidites x convergence rate.

» Partial ruptures (mud turbidites) decrease slip deficit available to full-margin sources.

A T5-T10 B.T9-T15 C.T11-T20
Rogue Channel Cascadia Channel Hydrate Ridge Rogue Channel Rogue Channel Juan de Fuca Channel

RRO207-55KC M807.22PC RRO207:66PC M907-31PC ., Mesor:31PC M8807-12PC
{2 [} o 3o \ 1 '

EXPLANATION

CASC 11:7288 (72207377)
Sampio & “C ogo & 20 range

CASC 11: 7288 (12207377)

Sampio # 4C aga & 20 range, eroson cor

“ Picture at top is from Chris Goldfinger; illustrations are from or modified from Goldfinger et al. (2012).
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Full-Margin Turbidite Mass vs Age
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Comparison of binning: Numbers (of 19) full-margin Cascadia turbidites
binned by slip deficit (follow) times versus mass (Witter et al., 2011; 2013)

Mass binning (colors)
+ slip deficit times
assigned to “T-shirt” scenarios

XL 1200 yrs
L 800
M 525

0 2000 400 600 800 1000

Slip Deficit Time (turbidite follow times)
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Minimum peak CSZ slip needed to account for
coastal paleotsunami deposits at Bradley Lake
and Cannon Beach: 8-15 m

01 -

Depth (km)
8

D
o
P PR |

Surface Def.
o

ﬁzo (c) | | | | ' —— Peak Slip
é 1 N
o 101 !
o |
0 . 1 , , ,
© 10 - L : L :
o
g ]
lllustration from % 01
Wang and He (2007) 2 ]
<-10

0 50 100 150 200
10/28/2014 GSA, Vancouver, BC, 10-21-14 Distance (km)




CANNON BEACH PALEOTSUNAMI EXPERII\/IENT

Simulated tsunami
inundations on1000-yr-
old paleo-landscapes
compared to cored
tsunami deposits.

Figure from Priest et al. (2009)
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Cannon Beach Experiment RESULTS

Minimum peak fault slip = ~ 14 m (splay fault) =15 m (no splay fault)
to inundate past the last 3 Cascadia tsunami deposits

10/28/2014 GSA, Vancouver, BC, 10-21-14



* Validate tsunami
simulations against 4600
yrs of CSZ tsunami
deposits in Bradley Lake

¥ Simulate the L EAST tsunamis

% Experimental variables:
* Landscape
* Sealevel
* Earthguake source
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Bradley Lake Experiment
RESULTS

For AD 1700 shoreline (contemporaneous with an “average” turbidite):
Minimum peak fault slip = ~12 (splay) to 13 m (no splay) (Witter et al., 2012)

For most landward shoreline (smallest tsunami able to reach lake):
Minimum peak fault slip = ~8 (splay) to 9 m (no splay) (Witter et al., 2012)
Mean recurrence of Bradley Lake tsunami sands = 380—-400 yrs

in last 4,600 yrs when geomorphic condition of lake effectively captured tsunami sands,
according to Kelsey et al. (2005)

Mean recurrence of turbidites directly offshore = 300-380 yrs
(Priest et al., 2014)

Mean Slip Deficit from mean turbidite recurrence = 10-13 m
(at 34mm/yr convergence on CSZ)

Mean slip deficit = minimum slip needed to get tsunamis in the lake
a conclusion compatible with conclusions of segment tsunami paper of Priest et al. (2014).
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LOGIC TREE FOR 15 FULL-MARGIN CASCADIA SOURCES

Earthquake | Earthquake Slip Deficit Rupture Scenario |Total scenario
source size Interval (yrs) geometry name weight
XXL 1200 e
(0.025)
0.5/19 events in 10,000 yrs
XL 1050-1200 ..
(0.025)
0.5/19 events
L 650-800 vee
(0.16)
3/19 events Sp|ay faUIt M] 032
(0.6)
Cascadia
subduction Shallow Buried
zone M 425-525 Rupture M2 0.11
(1.0) (0.53) (0.2)
10/19 events
Deep Buried
Rupture M3 0.11
(0.2)
SM 300 vee
(0.26)
5/19 events
10/28/2014 Modified from Priest et al. (2013) GSA, Vancouver, BC, 10-21-14



Qualitative Explanation of Cascadia Tsunami Scenarios
shown on published tsunami inundation maps (TIMs)

Occurrence and Relative Size of Cascadia Subduction Zone
Megathrust Earthquakes

2000

XXL

larger but 1500
much less

frequent XL
tsunamis 1000

500
smaller but

more frequent
tsunamis
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Research-indicated radiocarbon age of CSZ event (most recent in January 1700)

(Modified from
Witter and others,

2011; DOGAMI _ - - . .
Special Paper 43) | Average offshore landslide turbidite mass used as a proxy for landslide size.

10/28/201 GSA, Vancouver, BC, 10-21-14

Average Offshore Landslide Turbidite Mass



Cascadia Earthquake Source Parameters

Earthquake Slip Deficit (yrs) Fault Geometry Earthquake M,, Total
Size [Max Slip (m)] (weight) Scenario Weight
(weight)
Extra-extra- 100 SpIay.fauIt (0.8) XXL1 :9.1 0.02
large Shallow buried rupture (0.1) XXL 2 9.2 <0.001
(1/19/2 = 0.02) [36-44] Deep buried rupture (0.1) XXL 3 ~9.1 <0.001
Splay fault (0.8) XL1 ~9.1 0.02
Extra-large 1050-1200 Shallow buried rupture (0.1) XL 2 ~9.2 <0.001
(1/19/2 =0.02) [35-44] Deep buried rupture (0.1) XL3 ~9.1 <0.001
Splay fault (0.8) L1 ~9.0 0.13
Large 650-800 Shallow buried rupture (0.1) L2 ~9.1 0.02
(3/19 =0.16) [22-30] Deep buried rupture (0.1) L3 ~9.0 0.02
Splay fault (0.6) M1 ~8.9 0.32
Medium 425-525 Shallow buried rupture (0.2) M2 ~9.0 0.11
(10/19 =0.53) [14-19] Deep buried rupture (0.2) M3 ~8.9 0.11
Splay fault (0.4) SM1 ~8.7 0.10
Small 300 Shallow buried rupture (0.3) SM 2 ~8.8 0.08
(5/19=0.26) [9-11] Deep buried rupture (0.3) SM3 ~8.7 0.08

F Witt t al. (2011) with %‘o
10/28/2014 GSA. Vancouver, BC, 10-21-14 onication by Prost et al (2013)



Earthquake Slip Models witer et a., 2011)
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Earthquake Deformation Models
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Elevation (meters)

Hazard Curves for % Confidence Cascadia
Elevation and Inundation Will NOT Be Exceeded
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Red numbers are tsunami scenarios that were computer-
simulated for the whole Oregon coast. Inundation and peak
values of wave elevation, velocity, and other data were
published by Oregon Dept. of Geology and Mineral Industries
(www.oregontsunami.org).
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AKmax

Has maximum directivity to the Oregon coast.
(Source 3 illustration from Tsunami Pilot Study Working Group (2006))

Facility for the Analysis and Comparison of Tsunami Simulations (FACTS)
Maximum Wave Height (cm)
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Maximum-Considered Distant Tsunami Sources for TIMs

Maximum Hypothetical (AKmax)
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INUNDATION AND EVACUATION MAP PRODUCTS

Local-source (Cascadia Subduction
Zone) zsunarm inundation map

Distant-source (Alaska-Aeutian island
Subduction Zone) tsunami inundation map

......

maximum local source (yeliow)

Combine the maximum tsunami scenarlo from eachmap ..

Tsunami evacuation map

Inundation Maps (TIMSs) - 7 inundations whole coast

5 Local CSZ “Tsunami T-Shirt Scenarios”
(SM1, M1, L1, XL1, XXL1 — splay fault scenarios)

e MHHW Tide
e Coseismic subsidence taken into account

* Maps include wave time series, inundated building
exposure, and wave elevation profiles

2 Distant Alaska Scenarios
e Alaska 1964
* Alaska Max

Evacuation Brochures - 2 inundations in towns

maximum distant source (orange)

— XXL1
— Alaska Max
— Routes, preparedness information

Evacuation Mapper 2 inundations whole coast

— XXL1 + Alaska Max on Google type base maps
— www.oregontsunami.org

10/28/2014 GSA, Vancouver, BC, 10-21-14


http://www.oregontsunami.org/

Tsunami Evacuation Map Brochure Explanation
(tested for color blindness)

ASSEMBLY AREA

AREA REUNION

IF YOU FEEL AN EARTHQUAKE:

OUTSIDE HAZARD AREA: Evacuate tothis = ZONA DE PELIGRO EXTERIOR: Evacue a esta
* Drop, cover, and hold

area for all tsunami wamings or if you feel an area para todas las advertencias del maremoto

« Move immediately inland to higher ground earthquake. o si usted siente un temblor.
* Do not wait for an official warning

LOCAL CASCADIA EARTHQUAKE AND MAREMOTO LOCAL (terremoto de Cascadia):
S/ USTED SIENTE EL TEMBLOR: TSUNAMI: Evacuation zone for a local tsu- Zona de evacuacion para un tsunami local de un

nami from an earthquake at the Oregon coast. temblor cerca de la costa de Oregon.

DISTANT TSUNAMI: Evacuation zone for a MAREMOTO DISTANTE: Zona de evacuacion
distant tsunami from an earthquake far away para un tsunami distante de un temblor lejos
from the Oregon coast. de la costa de Oregon.

» Tirese al suelo, cubrase, y espere

* Dirijase de inmediato a un lugar
mas alto que el nivel del mar

* No espere por un aviso oficial




WWWw.oregontsunami.orq

We cannot prevent a tsunami but we can prepare for one.

Oregon Tsunami Clearinghouse

Home | Coastal Residents | Visitors | Boaters | Kids & Teachers | Community Planners | Scientists
Frontpage Evacuation Zone Map Viewer Evacuation Brochures Regulatory Maps Resource Library
Is your family prepared for disaster? :
Y f Y prep f TsunamiReady, s’ v
TsunamiPrepared News
Tsunami news around the

» Without Warning, a new
comic by OEM and Darkhorse
Comics

MAPPER

» June 2014: "Tsunami!
‘What Oregon Boat Owners
Need to Know" PDF brochure
now available.

Tsunami Evacuation Zone
Map Viewer

Search by address or coastal area.
&veb map | iPhone app | Android ajpp

Tsunami Evacuation
Brochures

For coastal communities. Fact Sheet

)
LSZUPE

/0 Tsunami
—~ K SAFETY
g STEPS
FOR. ..
Coastal Residents

What to watch for and how to
prepare. More »

What to do before and after you

GSA, Vancouver, BC, 10-21-14

Tsunami Inundation Maps
(TIM Series)

Maps incorporating all the best tsunami
science available today. Fact Sheet

Tsunami Regulatory Maps
Official maps for implementation of ORS
455.446 and 455.447.

Which type of tsunami map is right for you?

10/28/2014

web

Underwater landslide may have
Science AAAS

About a quarter of the
tsunami's 18,000 victims died
in those ports, yet experts have
struggled to find a satisfactory
explanation for the exceptional
inundation that killed them.
Seismologist Kenji Satake of the
University of Tokyo's
Earthquake ...

Related Articles »

Indian Ocean region vulnerable
Deccan Chronicle

Using sand deposited in the
lagoon during the 2004 Indian
Ocean tsunami and seven older
paleo-tsunami deposits as
proxies for large earthquakes in
the region, the scientists
reconstructed the timeline for
mega-earthquakes along the
Indian Ocean's plate ...

Related Articles »

The Butterfly Effect: Predicting
MIT Technology Review

That, in turn, would allow for
pragmatic actions to be taken
before the metaphoric tsunami
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Tsunami Inundation Map (TIM) - Local Cascadia Tsunamis
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Tsunami Inundation Map (TIM) - Distant Tsunamis
Br‘oo_kigs, Oegon
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Chetco River mouth (Station 8]
> End of simulated gauge station data
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1 Alsska Maximum

Change in water level for two
tsunami scenarios at the simulated
gauge station shown on the map
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