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This paper investigates the variability of tsunami run-up at a specific location due to uncertainty in earthquake
source parameters. It is important to quantify this “inter-event” variability for probabilistic assessments of tsunami
hazard. In principal, this aspect of variability could be studied by comparing field observations at a single location
from a number of tsunamigenic events caused by the same source. As such an extensive dataset does not exist, we
decided to study the inter-event variability through numerical modelling. We attempt to answer the question “What
is the potential variability of tsunami wave run-up at a specific site, for a given magnitude earthquake occurring at
a known location”. The uncertainty is expected to arise from the lack of knowledge regarding the specific details
of the fault rupture “source” parameters.

The following steps were followed:

• the statistical distributions of the main earthquake source parameters affecting the tsunami height were es-
tablished by studying fault plane solutions of known earthquakes;

• a case study based on a possible tsunami impact on Egypt coast has been set up and simulated, varying the
geometrical parameters of the source;

• simulation results have been analyzed deriving relationships between run-up height and source parameters;

• using the derived relationships a Monte Carlo simulation has been performed in order to create the necessary
dataset to investigate the inter-event variability of the run-up height along the coast;

• the inter-event variability of the run-up height along the coast has been investigated.

Given the distribution of source parameters and their variability, we studied how this variability propagates to the
run-up height, using the Cornell “Multi-grid coupled Tsunami Model” (COMCOT). The case study was based on
the large thrust faulting offshore the south-western Greek coast, thought to have been responsible for the infamous
1303 tsunami. Numerical modelling of the event was used to assess the impact on the North African coast. The
effects of uncertainty in fault parameters were assessed by perturbing the base model, and observing variation on
wave height along the coast.

The tsunami wave run-up was computed at 4020 locations along the Egyptian coast between longitudes 28.7 E and
33.8 E. To assess the effects of fault parameters uncertainty, input model parameters have been varied and effects
on run-up have been analyzed. The simulations show that for a given point there are linear relationships between
run-up and both fault dislocation and rupture length. A superposition analysis shows that a linear combination of
the effects of the different source parameters (evaluated results) leads to a good approximation of the simulated
results. This relationship is then used as the basis for a Monte Carlo simulation.

The Monte Carlo simulation was performed for 1600 scenarios at each of the 4020 points along the coast. The
coefficient of variation (the ratio between standard deviation of the results and the average of the run-up heights
along the coast) is comprised between 0.14 and 3.11 with an average value along the coast equal to 0.67. The
coefficient of variation of normalized run-up has been compared with the standard deviation of spectral acceleration
attenuation laws used for probabilistic seismic hazard assessment studies. These values have a similar meaning,
and the uncertainty in the two cases is similar. The “rule of thumb” relationship between mean and sigma can be
expressed as follows:

µ+ σ ≈ 2µ.



The implication is that the uncertainty in run-up estimation should give a range of values within approximately
two times the average. This uncertainty should be considered in tsunami hazard analysis, such as inundation and
risk maps, evacuation plans and the other related steps.


