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Tsunami ModelsTsunami Modelling and Forecasting



What are the required inputs to modelling software and outputs 
from modelling software?  

Tsunami Modelling and Forecasting

inputs: source
  deepwater bathymetry
  nearshore bathymetry
    (50m resolution)
  onshore topography

outputs: distribution of wave heights
  run-up heights
   given locations
  



Source

Deep water 
propagation

Inundation

Sub-sea earthquake, landslide

Offshore bathymetry
(refraction, reflection)

nearshore bathymetry
(refraction, reflection)

Near shore 
propagation

onshore topography

Tsunami modelling framework



• Provide benchmarked and validated numerical modelling methods and 
software applicable for use in the Indian Ocean

• Develop and sustain national and regional capacity to apply numerical 
modelling for tsunami source generation, wave propagation, and coastal 
inundation in the Indian Ocean

ICG/IOTWS Working Group 2

Modelling, Forecasting and 
Scenario Development 



Facilitate the development of a web-based 
Community Model Interface for Tsunami (ComMIT) 

(developed by NOAA/PMEL through USAID funding)
model

• ComMIT provides propagation and inundation mapping capability to countries of the 
Indian Ocean region.

• The model system includes access to pre-computed deep water propagation scenarios.

ICG/IOTWS Working Group 2



ComMIT  Training Courses



ComMIT  Training Courses



ComMIT: COMmunity Model Interface for Tsunami

Deep Water
Propagation

Bathymetric grids
(up to 3)

Model
Parameters

Model Run
Descriptors

Inundation Model

ComMIT



ComMIT 
Community Model Interface for Tsunami



Model Sources

Seismic forcing:

Epicentre location
Length (L)
Width (W)
depth 
Strike, dip, rake (deg)
Magnitude (Mw) or slip 
(uo):



Indian Ocean region: Tsunami 
sources



Indian Ocean region: Tsunami 
sources



Source Characterisation: 
Unit sources

0 0M LWuµ= (Nm)

Seismic moment = rigidity x fault area x slip

(Nm)



0 0M LWuµ=

2
10 03 (log ( ) 9.1)WM M= −

Rigidity (shear modulus) = ~2 x 1010 Pa 

(Nm)

Vs = 3.6 km s-1

Mo in dyne cm

Source Characterisation: 
Unit sources

Seismic moment = rigidity x fault area x slip

(Nm)



0 0M LWuµ=
ComMIT uses unit sources L= 100 km     W=50 km 

Aspect ratio is important

Moment magnitude is dependent only on slip

For a given unit source there is 
a max moment magnitude

Source Characterisation: 
Unit sources



Guidelines for maximum moment magnitude (Mw)

Maximum slip ~30m   (2004 was 20 m)

1 unit   8.5

2 units  8.7

4 units  8.9

6 units  9.0

10 units  9.2

1 unit = 100x50 km

Source Characterisation: 
Unit sources



Unit sources: Examples

1 
unit

2 
units

4 units

10 
units



Tsunami Models



Tsunami Propagation



Deep water propagation 
scenarios pre-run



Tsunami Propagation 
model data base



Tsunami Propagation - 
Nomenclature

H is the wave height
L is the wave wavelength
R is the maximum runup
d is the charateristic length scale for normalization



MOST – Method of 
Splitting Tsunami

Titov



Titov

MOST – Method of 
Splitting Tsunami



Titov

MOST – Method of 
Splitting Tsunami



Titov

MOST – Method of 
Splitting Tsunami



Numerical dispersion and diffusion

MOST – Method of 
Splitting Tsunami



Tips: 
• 10 nodes (grid boxes) per wave length
• Use time step as close (or less) then CFL  

(Courant-Friedrich-Lewy) condition

MOST – Method of 
Splitting Tsunami



ComMIT Grids: A, B, C at 
different scales 



Notes:  
• Ideally grids should have ratio 1:6 (1:10 maximum)
• Boundaries should not intersect

ComMIT Grids: A, B, C at 
different scales 



ComMIT Common Grid 
Format (text file)

Nx   Ny         Size of Array 
(max400x400)

Nx lines of longitude 

Ny  lines of latitude lines

Matrix of bathymetry/topography data     (size: Nx 
by Ny)

Note:  depths are negative land is positive

Coordinate system: Latitude/Longitude



Alternative

Note:  depths are negative land is positive

ARC ASCII Grid 

ncols  249 
nrows  190
xllcorner 79.77292048
yllcorner 6.955485971
cellsize  0.000449943
nodata_value -9999
23.441   23.302  23.2   23.306   23.193  23.106 ........Matrix

Coordinate system: Latitude/Longitude

ComMIT Common Grid 
Format (text file)



ComMIT Grids: A, B and C 



ComMIT Grids: A, B and C 



ComMIT – Model run

• Create/Select Model Run 
• Select Sources
• Launch



ComMIT – Model run



ComMIT – Model run











Thank you
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