
Numerical Green’s function method

Two steps method (following the approach proposed by Ward, 2001):

1. Creation of a numerical Green’s functions database → Numerical simulations

2. Generation of a generic tsunami scenario → Superposition of  effects

Key point:

Rectangles size

Balance between:

• Solution accuracy

• Computational costs
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Assessing the hazard related to the landslide-generated tsunamis

Taking into account uncertainties related to the geometric and kinematic characteristics of the tsunamigenic source.

Applying Monte Carlo method to perform many tsunami simulations by extracting some landslide properties from their estimated probability distribution functions (as proposed by Grilli et al., 2009).

Developing a numerical methodology able to carry out with acceptable computational costs a large number of different landslide scenarios in a Monte Carlo approach frame-work.

The proposed methodology can be used to perform Probabilistic Tsunami Hazard Analyses (PTHAs).

From an analytical point of 

view…

«…response to unit forcing at a 

point, along a line, or at an 

instant.» (Mei, 1995)

Rectangles size

Accuracy & Comp. costs 

Parametric analysis
Rectangle size selected

according to the

landslide characteristic

dimensions

Moving seafloor for the

generation of underwater

landslide tsunamis (Cecioni &

Bellotti, 2010)

• Reproduction of frequency dispersion of small amplitude tsunamis

in the far field

Fig2. Decomposition of  the sliding area into small rectangles.

Rectangles size as multiple of the grid element size

Fig5. Free surface elevations at the gauges G3 and G4 obtained by decomposing the 

generation area into rectangles of  increasing sizes compared to the target numerical 

solution computed without applying the proposed method (red dashed line).

Discr. Nodes (x) Nodes (y)

a) b/10 = 3 a/10 = 2

b) b/5 = 5 a/5 = 3

c) b/4 = 6 a/4 = 4

d) b/3 = 8 a/3 = 4

e) 2/5b = 9 2/5a= 5

f) b/2=11 a/2=6
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Fig3. Experimental set-up (left) and sketch of  the computational

domain, with indication of  the gauges position and water depth

(right).

Fig4. Sketch of  the five decomposition of  the generation area, in increasing order 

of  rectangles size. Red line: initial position of  the landslide. Gray: landslide 

motion area. Black rectangles: unit source areas.

Fig6. Percentage relative error of  the maximum wave 

height between each parametric solution and the target 

solution.

The percentage relative

errors of Hmax with respect

to the target solution

increase with the size of the

rectangles

From a numerical point of

view…

Basic "brick" to construct tsunami solutions → Tsunami triggered by a bottom uplift

of  unitary magnitude over a small rectangular area

Fig1. Two examples of  forcing function 𝜹 (Mei, 1995).

• Depth integrated → Propagation in the far field
• Fourier transform of the time-varying MSE: full frequency

dispersive (inverse Fourier transform to recover the transient tsunami

solution)

• Linearized: not for steep waves and not inshore

Landslide dimensions

• Length: b = 0.395 m

• Width: w = 0.680 m

• Thickness: T = 0.082 m

Numerical set-up

• Square mesh grid: 𝚫𝒙 = 𝚫𝒚 = 𝟎. 𝟎𝟏 𝒎
• Time step: 𝚫𝒕 = 𝟎. 𝟎𝟏 𝒔
• Solved frequencies: 0 ≤ 𝒇 ≤ 𝟒. 𝟎 𝑯𝒛

Discr. Nodes (x) Nodes (y)

a) b/20 = 3 w/20 = 4

b) b/10 = 5 w/10 = 8

c) b/5 = 19 w/5 = 15

d) b/3 = 14 w/3 = 24

e) b/2 = 21 w/2 = 35

Fig7. Experimental set-up (left) and sketch of  the computational

domain (right).

Ladslide parameters

• Length: b = 0.8 m

• Width: a = 0.4 m

• Thickness: c = 0.05 m

• Release distance: 𝜁 = 0.3 m

Numerical set-up

• Square mesh grid: 𝚫𝒙 = 𝚫𝒚 = 𝟎. 𝟎𝟒 𝒎
• Time step: 𝜟𝒕 = 𝟎. 𝟎𝟒 𝒔
• Solved frequencies: 𝟎 ≤ 𝒇 ≤ 𝟏. 𝟒 𝑯𝒛

Efficiency of the method related to:

• Rectangles size

• The way the rectangles cover the generation

area (because the source term magnitude is

averaged in the rectangular areas)

𝜁

Fig8. Sketch of  the six decomposition of  the generation area, in increasing order of  

rectangles size. 

Fig9. Free surface elevations at the gauges 22S and 24S computed according to the 

proposed method compared to the target numerical solution (red dashed line).

Fig10. Percentage relative error of  the maximum wave 

height.

• Landslide parameters ranging from:

− b = 0.4 – 1.2 m

− a = 0.2 – 0.6 m

− c = 0.01 – 0.09 m

− 𝜻 = 0.3 – 0.6 m

• Numerical Green’s functions database

− Detection largest lanslide area

− Split into 51 rectangular areas

− Numerical parameters: ∆𝑥 = Δ𝑦 = 0.04 𝑚,

∆𝑡 = 0.04 𝑠, 0 ≤ 𝑓 ≤ 1.4 𝐻𝑧

Discr. Nodes (x) Nodes (y)

a) b/10 = 3 a/10 = 2

b) b/5 = 5 a/5 = 3

c) b/4 = 6 a/4 = 4

d) b/3 = 8 a/3 = 4

e) 2/5b = 9 2/5a= 5

f) b/2=11 a/2=6

Uplift of 51 rectangles

Referred to the landslide parameters of the

previous numerical test: b = 0.8 m, a = 0.4 m

Fig11. Sketch of  the computational 

domain, with the discretization of  the 

hypothetical sliding area.

Preparation of  the trial

source

Random

b, a, c, 𝜻

Tsunami waveform at

the points of interest

Numerical Green’s

functions method

Log-normal distribution

Log-normal distribution

Normal distribution

Log-normal distribution

Physical model value

• Zero-crossing analysis → Sample of 𝜼𝒎𝒂𝒙

• Probability distribution fitting → The presence of a tail towards the higher sample values

(positive skewness) suggests that the set could follow a log-normal probability distribution.

• Kolmogorov-Smirnov test

• Single simulation approach → 46.50 h

• Numerical Green’s function method (MSE solved only 51 times) → 5.68 h
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Fig12. Top panel: free surface elevations at gauge 22S, 

resulting from the Monte Carlo simulation. Bottom panel: 

percentile bands (5th, 25th, 75th and 95th percentile).

Fig13. Class distribution of  𝜂𝑚𝑎𝑥.

Fig14. Probability distribution of  𝜂𝑚𝑎𝑥.

Numerical solution given by

the physical landslide model

50% of  the time series
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𝛿 𝑥 − 𝜉 𝑑𝑥 = ቊ
1 𝑖𝑓 𝜉 ∈ (𝑎, 𝑏)
0 𝑖𝑓 𝜉 ∉ (𝑎, 𝑏)

Linearized numerical model → Superposition of effects

𝛻ℎ ⋅ 𝑐𝑐𝑔𝛻ℎ𝑁 + 𝑘2𝑐𝑐𝑔𝑁 = −
𝜔2𝑍

cosh(𝑘ℎ𝑏)


