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Outline:
• Thoughts and concerns about hazard
modeling
• Tsunami hazard from deposits
• Tsunami and Storm Boulders

I Three-Dimensional Modeling
I Simplified modeling

• Sand



Thoughts and concerns about hazard
modeling

George E. P. Box
All models are wrong; some models are useful.











Model Coupling
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Tsunami Hazard from
Deposits
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Tsunami and Storm Boulders



φ-Scale Size range [mm] Aggregate name
−8 < > 256 Boulder
-6 to -8 64 - 256 Cobble
-5 to -6 32 - 64 Very coarse gravel
-4 to -5 16 - 32 Course gravel
-3 to -4 8 - 16 Medium gravel
-2 to -3 4 - 8 Fine gravel
-1 to -2 2 - 4 Very fine gravel
0 to -1 1 - 2 Very coarse sand
1 to 0 0.5000 - 1 Coarse sand
2 to 1 0.2500 - 0.5000 Medium sand
3 to 2 0.0125 - 0.2500 Fine dand
4 to 3 0.0062 - 0.0125 Very fine sand
> 4 < 0.0062 Silt, Mud





Scaling Analysis

(h)t + (uh)x = 0

(hu)t + (hu2)x + 1
2(gh2)x = −ghbx

⇓
St(h∗)t∗ + (u∗h∗)x∗ = 0

St(h∗u∗)t∗ + (h ∗ u∗2)x∗ + 1
2Fr2 (h∗2)x∗ = − β

Fr2h
∗b∗
x∗

Strouhal number: St = xref
trefuref

; Froude number: Fr = uref√
ghref

;

Submergence: β = bref
href

. With xref = κ−1, tref = (cκ)−1,
href = hw, uref = c, and bref = lby, where lby is boulder height, c
denotes wave speed, and κ represents the wave number.
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Initial position

δ
α

Dislodgement position

θc

α− Slope, δ − Roughness

θc(δ, α) =
[
π
2 δ − α

]
≥ 0
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ΣF = ma
 

(x, y)→ (θ, r)
 

ΣF = mdθ2

dt2
= mθtt

with the assumption that r = const.



This Equation of Motion can be rewritten [Schmeeckle and
Nelson, 2003]:

V L

(7
5ρs + ρfCm

)
θtt = ΣF

ΣF = D sin (θ − α) + (L + B) cos (θ − α)−W cos (θ)

With
V – particle volume, ρs – particle density, ρf – fluid density,
L – distance between the center of gravity and point of
rotation (r),
Cm – added mass coefficient (0.5 for spheres in water),
D – drag, L – lift, B – buoyancy, W – weight



Example: α = 0 and δ = 1  θc = 0.5π

Initial position

ΣF ≤ 0
θ = 0

Rotating

ΣF > 0
0 < θ < θc

Rotating

ΣF > 0
0 < θ < θc

Rotating

ΣF > 0
0 < θ < θc

Rotating

0 < θ < θc

ΣF > 0

Dislodgement

θ ≥ θc
ΣF > 0

Duration of rotation: Tr = t(for θ = θc)− t(forΣF = 0)

I =
to+Tr∫
to

ΣFdt ≥ Ic
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dbJ
dx

= −i
∑
P,Q

WJ,±P,QbP bQe
−i∆J,P,QθδJ,Q+P

+ 2i
∑
P,Q

WJ,±P,Qb−P bQe
−i∆J,−P,QθδJ,Q−P . (1)



Ẽ =
∫
f>0.05(Spectral Density)∫
f (Spectral Density)

Ẽ(a) = 5.6× 10−4, Ẽ(b) = 2.3× 10−3, Ẽ(c) = 2.6× 10−2





D = ND

N
(2)

N is the total number of realizations (N = 100), and ND is the
number of realizations for which boulder dislodgement occurred.





Tsunami vs Storm



Sand





















Some Final Thoughts:
• It is difficult to separate storms from the
tsunamis in the geologic record!

I We need better models
I We need better field data
I We need better integration between field
and Modeling

• Inferences of flow characteristcs carries
uncertainties!

I Move towards statistical physics
I Machine Learning


