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INTRODUCTION 
Extreme wave analysis is a crucial step in port and offshore structure design and plays a large 
role in budgeting for these costly projects. Criteria obtained from these analyses also have 
important safety implications for those involved. This study details such an analysis performed 
for waves in the southern Persian Gulf, Strait of Hormuz and the Oman Sea regions. Extreme 
significant wave heights and associated extreme wave peak periods for various return periods 
over a domain spanning from 52.625°E to 59.25°E and 23.25°N to 27.75° at a resolution of 
0.125° x 0.125° were obtained by considering local storms occurring during the period 1948 – 
2009 inclusive, representing 60 years worth of data. Several wind fields were calibrated against 
altimetric and QuikSCAT observations of wind speed during significant storm events for the 
period 1992 to 2008. After calibration of the wave model WaveWatch III with respect to 
altimetric observations of wave height, simulations were run for approximately 360 storms 
selected from a long-term climatic wave database. The wave outputs were used to perform an 
extreme analysis using the Pareto distribution and extreme significant wave heights were 
estimated for return periods of 1, 5, 10, 20, 50 and 100 years. 
 
WIND FIELD AND WAVE MODEL CALIBRATION 
In order to force the wave model, ECMWF (used from 1993 to 2009), ERA40 (used from 1958 
to 1992) and NCEP (used from 1948 to 1957) wind fields were calibrated against altimetric and 
QuikSCAT observations of the strongest observed wind speeds during all observed storm events 
spanning 1992 to 2008 for ECMWF and NCEP, and 1992 to 2001 for ERA40. A lack of 
observations during storm events and a generally poor quality of available wind forcings for the 
Hormuz Strait and Oman Sea meant that a simple, generic application of a linear factor to the 
wind speeds was used as an attempt to assure that modeled conditions during storm events were 
on average correctly recreated. The WaveWatch III wave propagation model was calibrated by 
adjusting tuning parameters so as to give wave heights coherent with the associated wind speeds, 
in other words of correct magnitude given any over or underestimations inherent in the wind 
fields. 
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STORM MODELING 
The wave model was run continuously for the entire study period using the three uncalibrated 
wind fields. Time series were output for seven key points spread across the study domain and 
storm events selected for these points based on a wave height threshold and storm duration, all 
the while in a manner that respected the temporal inhomogeneity inherent in the different wind 
fields. The storm events were combined and roughly 360 events were simulated using the 
calibrated wind fields and wave model. 
 
EXTREME ANAYLSIS 
The storm time series output for each sea model point were analysed by performing a regression 
based on fitting a Pareto distribution to the modeled storm peak wave heights. A wave height 
threshold was adjusted to minimise the RMS error of the fit. Extreme significant wave heights 
for return periods of 1, 5, 10, 20, 50 and 100 years were thus obtained. 
 
RESULTS AND DISCUSSION 
The results obtained were compared with previous similar studies and shown to be more or less 
coherent with some differences close to the coasts. The most significant waves were shown to 
occur such as is shown in the figure 1 below. 

 
 

Figure. 1) The 100 year significant wave height extremes 
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