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Introduction

Considering that the usage of fossil fuels caused the high emission of green house gases and
consequently the negative effects of climate change, renewable energy resources are clean and
green alternatives. Marine renewable energies are valuable sources in areas adjacent to the seas
and the wave energy has the highest energy density among the other marine renewable energies
[1]. There are some studies estimated the wave energy potential in Iranian Seas [2-8]. In this
study, spatial, seasonal and monthly wave energy distributions are assessed in the whole Persian
Gulf and also in nine coastal stations based on their importance.

Materials and Methods

Wave energy data were obtained based on the previous studies [2,3] in which the global
modeling of the Persian Gulf was carried out using SWAN numerical model and the variation of
the wave power were assessed. Wave modeling was done using a third generation numerical
model; SWAN [9]. ECMWEF (European Centre for Medium-Range Weather Forecasts) wind
field with temporal resolution of 6 hr and spatial resolution of 0.5 degree was used as model
input and for a 25-yr period (1984 to 2008). Bathymetry data were obtained from NOAA's
National Geophysical Data Center (NGDC) website, with a spatial resolution of 1 min (about
1.67 km). Data obtained from a buoy deployed in the northern part of the Persian Gulf were used
for calibrating and tuning the numerical model coefficients and then, verifying the model
outputs.

Wave power parameter was calculated based on the significant wave height and peak period
obtained from numerical modeling using eq. (1) [10].

P =~ 0.49H2T (1)
s e

in which P shows the wave power while Hs and T, are significant wave height and energy
period, respectively. When the peak period (T,) is available, T is equal to T, multiplied by a
factor that is equal to 0.9 if the standard JONSWAP spectrum with a peak enhancement factor of
y=0.33 is assumed [10].
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Results and discussion

After calculating the wave power parameter in each point of the output grid (covering the whole
Persian Gulf), annual, seasonal (figure 1) and monthly distributions of the wave power were
plotted.
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Fig. 1) Seasonal distribution of the wave power in Persian Gulf.

The seasonal distribution indicates that the wave power is higher in winter and the monthly
distribution shows that the highest values of the wave power are seen in month February. The
lowest values of wave power exist in summer in the Persian Gulf. Comparison of seasonal wave
power distribution shows that the wave energies are higher in the middle parts of the Persian
Gulf in winter and spring while the hot spot move slightly to the west in summer and fall.

For assessing the wave power characteristics in coastal areas of the northern Persian Gulf
(Iranian coasts), nine stations were selected; Arvand, Deilam, Boushehr, Ra's-e-Motaf,
Assalouyeh, Lavan, Kish, Qeshm and Hormuz.

Evaluating the wave power illustrates that between the selected coastal areas, the average wave
power is higher near Lavan Island. But the maximum wave power is higher near Ra's-e-Motaf
area where is known as Bermuda triangle of Iran, because of stormy weather and high waves. As
a sample, monthly wave power values for Lavan station are illustrated in figure 2. This figure
shows that similar to the highest wave power existence in winter in the whole Persian Gulf,
according to figure 1, the wave power is higher in February in Lavan. Comparison of monthly
wave powers indicates that in most coastal stations, the average wave power value increases in
June (compared to wave power in May) and again decreases in July. This is due to the increasing
wave heights caused by strong Shamal winds blow from the North West part of the Persian Gulf
that is the dominant wind in June.
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Power roses were also plotted in order to determine the dominant wave direction in each coastal
station (figure 3). The power roses show that the dominant wave direction changes from North
West in the western areas into South West in the eastern areas of the Persian Gulf according to
dominant wind direction and also the natural orography of the Persian Gulf.
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Fig. 2) Monthly distribution of the average (up) and maximum (down) wave power in Lavan
station.
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Fig. 3) Annual wind roses in coastal stations in Persian Gulf.
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Conclusion

In this study, the wave power was assessed in the Persian Gulf and nine coastal stations. Time
series of wave characteristics were obtained from numerical modeling carried out in the previous
studies and the wave power was calculated in each output grid covering the whole Persian Gulf.
Seasonal and monthly and distributions indicate that the highest wave power values can be
captured in winter, in February. Analysis of the wave power spatial variation in nine coastal
stations shows that the average wave power is higher near Lavan Island while the maximum
wave power is higher near Ra's-e-Motaf. In addition, in most coastal stations, the average wave
power value increases in June and again decreases in July. This is due to the increasing wave
heights caused by strong and dominant Shamal winds. Spatial distribution of the power roses
depicts that the dominant wave direction changes from North West in the western areas into
South West in the eastern areas of the Persian Gulf.
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