Measures of offshore tsunami intensity
The current state of national scale knowledge of tsunami hazard is underpinned by the probabilistic tsunami hazard assessment (PTHA) of Australia (Burbidge et al 2008??). This assessment modelled tsunami generation from all possible subduction zone earthquake sources, and then modelled these tsunami as they propagated across the ocean towards Australia. To model tsunami from all possible earthquake sources was a monumental task, and for the project to be feasible a linear model was used. To model tsunami inundation, more complex non-linear modelling is required, as tsunami behaviour in the nearshore environment is highly complex. Therefore results from the PTHA are given at an offshore depth of 100 m, the limit to which the modelling process was considered valid. The result of this modelling process was a database of synthetic tsunami waveforms at the 100 m contour. From this dataset recurrence intervals of tsunami wave height could be estimated at the 100 m contour around Australia. While this does not tell us what the tsunami inundation hazard is at any particular community on the Australian coast, it does inform assessments of relative hazard, and can be used for prioritisation of communities for more detailed inundation modelling. Furthermore, the dataset of synthetic tsunami can be used as an input into more detailed tsunami inundation models. 

Since completion of the PTHA for Australia, several communities on the east and west coast have been prioritised for scenario inundation modelling. Several factors are included in the prioritisation process, including relative offshore hazard from the PTHA, availability of high resolution elevation data, population exposure and other factors that lead to a perceived high relative risk. The modelling has been done in partnership between state and federal agencies, and has used the ANUGA software package developed at the Australian National University and Geoscience Australia. Current computational limitations mean that inundation modelling can only be conducted for a small number of scenarios. Therefore there comes a point during the inundation assessment process where particular events from the PTHA dataset must be chosen, to be used as input into the ANUGA model. The process of event selection has generally been informed by two factors:

1. Wave height for the recurrence interval of interest; e.g are we interested in the worst credible event, or something more frequent? 
2. Deaggregation of the offshore hazard to determine which tsunami sources contribute the most to the offshore hazard. 

Events have also been chosen to approximate historical events, such as the 1833 Sumatra earthquake and tsunami. 

Inundation modelling has shown that due to the complex behaviour of tsunami in the nearshore environment, inundation can not be predicted based on offshore wave height alone. Cases have been observed where tsunami with smaller wave offshore heights generate significantly more inundation at the same location as tsunami with higher waves. This demonstrates the importance of detailed numerical modelling in assessing tsunami inundation hazard. It also raises questions regarding whether offshore wave height is the best metric that can be used for defining offshore hazard. Are there may be more appropriate hazard measures, that can be used in conjunction with, or instead of, tsunami wave height? An ideal measure is one that approximates direct proportionality between the measure and run-up extent. 
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Where:

E = energy

ρ = density of water

u = horizontal velocity vector

g = gravity

z = vertical axis

However, the quantities we have to work with are uh, the depth integrated velocity multiplied by the water depth h (uh is termed ‘momentum’ in ANUGA, but not actually momentum), and stage (w, height above or below still water level). Further, we take the density of water as a constant 1000 kg/m3 and know that the water depth on the boundary is 100 m. So firstly we calculate the velocity:
u = uh/h = uh/(depth+stage)

We multiply the density term by the water depth to get a depth integrated value (assuming constant density). So the equation becomes:
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Where:
w is the stage height.
Crest integrated energy:
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Reference: Johnson, R.S., 1997. A modern introduction to the mathematical theory of water waves, p23. 
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