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Probabilistic Approach for the Waves
Generated by a Landslide

* The probabilistic approach, in principle, can provide a consistent
presentation of the hazard (e.g. max flow depth or speed) from a range of
sources (e.g. EQ tsunami, slide tsunami, meteo tsunami, infragravity runup,
storm surge, river flood, dam break, extreme tides, etc.), all combined into a
single hazard surface (hazard curve w/ confidence limits)

* Lets first discuss what a PHTA for landslide tsunamis might look like
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« What we need for a probabilistic landslide tsunami analysis:
» Frequency-Volume Distribution (as a function of location)
v'Data driven or trigger (EQ) driven - G-R / Char model for slides

v'Spatial limits showing data locations used to create relations
(segmentation or zonation)

» Landslide “Scaling Laws”
v'EQ’s have scaling laws to connect slip & area with moment

v'1LS's need scaling laws to connect thickness & area with volume
» Distribution or logic tree showing how the slide might fail

v'Then need distribution or logic tree for EACH of the parameters
within EACH of the possible failure mechanisms

» A model or set of models to simulate the landslide and/or the tsunami
generation & propagation

» A model or set of models to simulate the tsunami propagation from
source to nearshore site of interest
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Where do we start?

Need to connect bulk
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recurrence rate
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MARINE Table 2.1.6-1: Documented Mass Failures along the California Coast (from McAdoo et
GEOLOGY al., 2000).
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debris aprons having positive relief, although subbottom profiles show the distal slide deposits extending across the entire basin floor; dashed
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. Connect slide volume |
and surface area: 160
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ten Brink, U. S., Geist, E. L., & Andrews, B. D. (2006). Size distribution of
submarine landslides and its implication to tsunami hazard in Puerto
Rico. Geophysical Research Letters, 33(11).
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Template PTHA-LS Logic Tree - Slide Geometry / Location

Region
(LS “Segment”)

Slide Centroid

Region A

Depth Slide Shape
Skew Up-
Up-Slope / Slope
/
/
Mid-Slope \ Symmetrical
\
Down-Slope \
\| Skew Down-
Slope

Location Slide Volume Slide Area
V [100 yr] Local Data
) Based Area
Location 1 V [475 yr]
. Area-Volume
Location 2 \ V [975 yr] Eqn A
V [2475 yr]
Area-Volume
V [4975 yr] Eqn B
Location n
1 V9975 yr]

Local Data
Based

216 Different Slide Geometry Scenarios for Each Location. Need weighting factors for Area,
Shape, and Depth




USC University of USC Viterbi
School of Engineering

(LT . 5
!¥ Southern California

Probabilistic Approach for the Waves
Generated by a Landslide

« What we need for a probabilistic landslide tsunami analysis:
» Frequency-Volume Distribution (as a function of location)
v'Data driven or trigger (EQ) driven - G-R / Char model for slides

v'Spatial limits showing data locations used to create relations
(segmentation or zonation)

» Landslide “Scaling Laws”
v'EQ’s have scaling laws to connect slip & area with moment

v'1S’s need scaling laws to connect thickness & area with volume

» Distribution or logic tree showing how the slide might fail
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Template PTHA-LS Logic Tree — Tsunami Generation & Propagation

Slide Geometr Generation Type
metry P slide Motion /
/ Location Class — )
Added Mass Friction Generation
Parameter Set D ffici Coefficient Coeffici Model
from Previous LT rag Coefficient oefficien oefficient ode
High High High Rotational
Prescriptive Mid ” Mid |/ T lati |
: Motion ! Mi B I ranslationa
Slide \
I_(Seo?etrl}/ /,, Low Low Low " Analytical /
ocation “n Empirical Hot Start
Initial Condition #1
Rheology Models, and Parameter sets
| Model A SetA.. | Analytical/
Rheological | Empirical Hot Start
Motion | ———— Model B. Set B Initial Condition #2

108 Different Prescriptive Slide Generation Scenarios for Each Slide Geometry. ~23,000
scenarios for each Location. ~2,000,000 scenarios for each Region. ~20,000,000 scenarios for
all of CA. Each scenario must require <5 minutes to make this feasible.
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Slide Parameters: Length: 200m, Width: 200m, Slope: 1.8928deg, Depth: 304.197

Y

The rest of the
effort relies on
water wave
codes, lots of
ways to do it,
from simple
(linear,
surrogate) to
complex
(nonlinear,
dispersive,
dissipative)
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Source Tsunami Hazard

* Conceptually, including landslide tsunami with seismic
tsunami into a PTHA is no different than a PTHA
based on multiple seismic source regions

» Aggregate the hazard quantity from all tsunami sources to the
record point (receiver location - e.g. 100-m depth contour)

* The challenge lies in the joint distribution of local
seismic sources and local landslide sources

* Consider a PTHA for which we wish to include:
» Distant Source EQ Tsunami
» Local Source EQ Tsunami
» Distant Source Landslide Tsunami (lets ignore this for now)
» Local Source Landslide Tsunami
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Source Tsunami Hazard
 Distant Source EQ Tsunami Hazard is “easy”
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Source Tsunami Hazard
e Local Source EQ Tsunami Hazard is harder
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 Local Source Landslide Tsunami Hazard - two choices to
develop our frequency-volume distribution

1) Data-driven based on volumes estimated from bathymetry (need
many slide records)

2) Data-driven based on volumes, which is used to calibrate /validate
a trigger model (need enough records to calibrate model)

3) In the absence of high-res bathymetry, or no observed slide scarps,

develop a trigger model (no calibration needed!)
* Options 2) and 3) imply a joint distribution with the local
EQ tsunami

v’ Sample the local seismicity

v Each sampled earthquake can generate
* Seismic tsunami (may be ~0) and/or
* Landslide tsunami based on the trigger model
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 Perform analysis using synthetic time series of hazard @ receiver
1) Time series of far-field tsunami

2) Time series of EQ and local seismic tsunami

3) Time series of ground acceleration
4
5) Sum to generate combined hazard time series

Time series of local landslide tsunami
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* Perform analysis using synthetic time series of hazard @ receiver

1) Time series of far-field tsunami

2) Time series of EQ and local seismic tsunami

Local EQ M

3) Time series of ground acceleration
4) Time series of local landslide tsunami
5) Sum to generate combined hazard time series
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* Perform analysis using synthetic time series of hazard @ receiver
1) Time series of far-field tsunami
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* Perform analysis using synthetic time series of hazard @ receiver

1) Time series of far-field tsunami
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So, what is needed to include landslide tsunamis in PTHA?

1. Frequency-Volume Distribution [derived from bathy data, expanded
with an EQ trigger model] for “segments”

v Every local EQ has a chance to generate both a local seismic tsunami
and/or a local landslide tsunami

2. Landslide “Scaling Laws” to connect thickness, area, and aspect ratio
with volume [derived from bathy data, augmented with logic tree |

3. Description of how the slide fails / moves / evolves [ideally developed
via a community-based logic tree approach]

4. A model or set of models to simulate the landslide and/ or the tsunami
generation & propagation, and a model or set of models to simulate the
tsunami propagation from source to nearshore site of interest

» Working through this exercise in CA, with planned workshop to bring
together CA researchers and stakeholders to review available data and
logic tree parameters [this Fall/Winter, hopefully]



