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Abstract

This study aims to assess the wave energy at five coastal stations in the Gulf of Oman
using the time series of locally generated wind waves obtained by numerical modeling
for 11 years. For this purpose, the spatial, seasonal, monthly, directional, inter-annual
of wave energy and power were investigated. The spatial distribution shows that the
wave power increases towards the Indian Ocean and the highest mean wave power is
located at the eastern station in all seasons. In addition, monthly mean wave power is
highest during July and August while the monthly maximum wave power is highest
during February at all stations. The ratio of monthly maximum to mean wave power is

also the lowest during May to August. Moreover, Monthly Variability Index is the
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highest in west of the domain where there is no significant wave power potential. In
addition, annual wave power as well as total and exploitable wave energies increases
from west to east, where the dominant waves propagate from the south, and the

exploitable wave energy is approximately 20 times greater than of the central stations.

Keywords: wave power; exploitable wave energy; seasonal and monthly

distributions, monthly variability index

1. Introduction

In recent decades, fossil fuels have caused the increasing in emission of greenhouse
gases which have resulted in increasing the earth’s temperature, and consequently, the
climate change impacts. Fossil fuels are non-renewable and will be finished in near
future. Therefore, renewable energy resources are alternatives for reducing the
greenhouse gases’ emission and confronting the impacts of using fossil sources.
Marine energies are vast and largely untapped resources of renewable energies in
countries surrounding the seas and oceans. As well as the fact that the wave energy
contains the highest energy density among the other marine renewable energy
resources [1], predictability and low visual and environmental impacts make the wave
energy a valuable renewable energy resource [2]. Many studies have focused on the
study of wave energy potential in various locations all around the world, e.g. Atlantic
coast of Europe [2-8], Mediterranean Sea [9,10], China Sea [11,12], Bohai and
Yellow Sea [13], Indian shelf seas [14], around Hawaii [15,16], U.S. Pacific
northwest [17,18], Baltic Sea [19], Caspian Sea [20-23] and Persian Gulf [24,25] and
many other locations.

In this study, wave energy is assessed in coastal areas of the northern Gulf of Oman.



The Gulf of Oman, as an extension of Indian Ocean, connects the Persian Gulf to the
Arabian Sea and Indian Ocean. In addition, because of its natural geographic location,
northern coasts of Gulf of Oman are potential hubs for marine transport. For example,
Chabahar port, located in the northern part of Gulf of Oman, is a free trade-industrial
zone and any development of industries increases the energy demand there. This
energy demand can be supplied by available wave energy as a clean and green
renewable energy resource. Since the Gulf of Oman is located in north of the Arabia
Sea and Indian Ocean, a considerable energy from the waves enters the domain,
mainly due to the monsoon events taking place.

Therefore, in this study wave energy potential is assessed along some coastal stations
located in the northern Gulf of Oman based on the wave characteristics obtained from
the wave modeling. The aim of this study is to locate the most appropriate locations
for wave energy extraction between selected coastal stations with high density
population along the northern coasts of the Gulf of Oman. A prior study has been
carried out by Saket and Etemad-Shahidi [26] in the north-eastern parts of the Gulf of
Oman in which the computational area covered only bay of Chabahar (Fig. 1) as a
part of Gulf of Oman. Our study aims to estimate and assess the wave energy
potential not only around Chabahar area, but also in the Gulf of Oman and some other
coastal areas from a different viewpoint, i.e.; temporal-spatial distributions and the
available and exploitable wave energy. The paper is arranged as follows: Section 2
introduces the material and methods, including the study area and data resources;
Section 3 consists of results and discussion on wave power distribution in the domain
and coastal areas, temporal and directional distributions of the wave power with inter-
annual variations of the wave energy; Section 4 includes the summary and

conclusions.
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Fig. 1. Location of Gulf of Oman, computational grid and selected stations

2. Materials and methods

Wave modeling was carried out using SWAN (Simulating WAves Nearshore)
numerical model [27]. This model has been used extensively for modeling of wave
climate in semi enclosed areas [e.g. 25,28,29]. SWAN is a spectral model developed
for estimation of the wave characteristics, especially in nearshore areas. This model
considers the governing processes for small scale, high resolution applications such as
generation, dissipation and nonlinear wave-wave interactions [30].

The basic equation used in the SWAN is the action balance equation which for the

Cartesian coordinates is as follows [30]:
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in which, N shows the action density and is a function of intrinsic frequency (o), wave
direction (¢), horizontal coordinates (x and y) and the time (t). The first term on the
left-hand side represents the temporal change of N. The next two terms show the
propagation of N in geographical x and y space, respectively (in which, cx and c, are
the propagation velocities in x and y directions, respectively) while the fourth term
depicts the shifting effect of the relative frequency due to variations in depth and
currents (in which, ¢, shows the propagation velocity in ¢ space). The last term on the
left-hand side shows the depth and current-induced refraction (in which, ¢, shows the
propagation velocity in 6 space). The term S on the right-hand side of the equation is a
function of o, 6, X, y and t and consists of effects of the generation by wind,
dissipation (by white-capping, depth induced wave breaking and bottom friction) and
nonlinear wave-wave interactions [30].

In this study, SWAN was executed in the third generation and two dimensional
nonstationary mode and the theory of Komen et al. [31] wind input parameterization
was used. In addition, whitecapping, nonlinear wave interactions, breaking and
friction were also activated to be considered in case they are applicable. The
computational time step was selected as 10 minutes and the model outputs were also
produced in a 0.2 degree (about 20 km) resolution in the computational domain (Fig.
1) with a time step of 3 hrs.

The wind field utilized for wave modeling was ECMWF (European Centre for
Medium-Range Weather Forecasts) with 0.5° spatial and 6 hr temporal resolutions
available from 1992 to 2003, containing both reanalysis (1992 to 2002) and
operational (2002 to 2003) products. This dataset has been modified and localized in

the domain in the previous studies [e.g .32] and has been successfully used for



prediction of wave height and extreme value analysis in this area [33,34]. Hence, it
was used in this study in order to model the wave characteristics, as well. Although
the extreme values of the wave characteristics may be underestimated due to the
underestimation of ECMWF strong winds [35-37], their contribution to mean wave
energy due to their low frequency of occurrence can be neglected. Bathymetry data
were also obtained from NOAA's National Geophysical Data Center (NGDC)
website, with a spatial resolution of 1 min (about 1.67 km in the study area). Wave
data recorded by a buoy located in Chabahar, north of Gulf of Oman, at 60.65° E and
25.267° N (near the Chabahar port), in a depth of about 17 m, were used for the
calibration and verification of the numerical model.

Model calibration and verification were carried out based on the minimizing the errors
for wave power parameter, rather than significant wave height and wave period. Long
term wave energy estimation was carried out using significant wave height and period

[32,38]. The wave energy density is calculated from Eq. (2) [39].
1 2

E=—pgH (2)
16 Jet e

in which p, g and Hs illustrate the water density, gravitational acceleration and
significant wave height (in meter), respectively. Therefore, the wave power is defined
as:

P = EC, = ECn 3)

In which C represents the wave speed and n is the ratio of wave group speed to the
wave speed (it is approximately equal to 0.5 in deep water). C is equal to wave length
divided by the wave period (T) and the wave length is equal to gT%/2x in deep water.
Therefore, the wave power is calculated as follows.

1 o an2x 97 2 (4)
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The real sea states include a large number of regular waves. Therefore, a mixture of
different amplitudes, frequencies and directions is described using a variance spectral
density function. The wave power per unit width of the irregular waves in deep water

Is obtained by [32]:
P =~0.49H 2T, )

in which Te is the energy period and is equal to T, multiplied by a factor. For a
standard JONSWAP spectrum with a peak enhancement factor of y=0.33, the factor
will be equal to 0.9 [32]. Since the peak period was reported, it was also obtained
from the numerical model in order to calibrate and verify the results.

As mentioned before, calibration of SWAN model was carried out based on
minimizing the errors for the modeled wave power. Following Saket and Etemad-
Shahidi [26], three weeks were considered for the calibration period (from Feb., 16,
2000 to Mar., 7, 2000) and two weeks were considered for the verification period
(Jan., 20, 1999 to Feb., 3, 1999) (see also [22,25]). The selection of these periods was
based on the data availability. For quantitative assessment of the calibration results,
error indices, i.e. Bias, correlation coefficient (CC) and root mean square error
(RMSE) were calculated as follows:

Bias =y -X (6)
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D=y )
RMSE = f (8)

in which, x; and y; denotes the measured and modeled values, respectively. X and Yy

are their average values, respectively.



To confirm the reliability of the model, it was validated in the verification period
without changing the coefficients that were optimized in calibration period using error
minimization. Statistical parameters of significant wave height and wave period in the
calibration and verification periods are shown in Table 1. According to this table, the
wave statistics are nearly similar in the calibration and verification periods, and the
longest wave period in the considered five weeks is about 8 s, which implies the
prevalence of seas. Therefore, the swells were not considered in wave power
estimations due to their low occurrence frequency in this region (see also Saket and
Etemad-Shahidi [26]) and only locally generated wind waves (seas) were considered

for wave energy estimations.

Table 1. Statistical wave parameters for calibration and verification

Parameter Period Minimum Average Maximum Star_ldqrd
deviation
Significant wave Calibration 0.25 0.57 1.62 0.25
height (m) Verification 0.18 0.47 1.59 0.24
Wave period (5) Cal_ib_rati_on 3.60 5.02 8.00 0.91
Verification 2.65 3.60 4.72 0.45

Fig. 2 and Table 2 show the results of model verification. According to Table 2, there
is an acceptable agreement between the modeled and measured values of the wave
power. Since the ECMWF wind field underestimates strong winds, some peaks are
underestimated in time series of the modeled wave power shown in Fig. 2. However,
Model calibration and verification were carried out based on the minimizing the error
measures for the total period and not only the peak values. Therefore, this model was

utilized to produce the wave power time series in the Gulf of Oman.
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Fig. 2. Time series of modeled and measured Hs’T, verification period

Table 2. Error indices for HSZT for calibration and verification

Error Index Calibration  Verification

Bias (KW/m) -0.007 -0.236
cC 0.884 0.896
RMSE (kW/m)  2.274 0.908

3. Results and Discussion

3.1. Wave power distribution in the domain

Wave power was calculated from the time series of wave characteristics generated by
numerical modeling for 11 years for all output grid points. Fig. 3 shows the seasonal
distribution of the wave power in the Gulf of Oman. According to this figure, the
wave power increases moving from the north western areas (Strait of Hormuz)
towards the south eastern areas (Indian Ocean). Furthermore, the highest mean wave
powers are approximately 1.3, 2.3, 5.3 and 0.8 kW/m for winter, spring, summer and

autumn, respectively that imply the highest and lowest wave power values exist in



summer (concurrent with the monsoon period) and autumn, respectively. This is in
line with the previous findings of Saket and Etemad-Shahidi [26], focusing on
Chabahar region. In the eastern parts of the domain, the spring mean wave power is

higher than that of winter; while in the western areas, the winter wave power is higher

than that of spring.
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Fig. 3. Wave power (kW/m) distribution in Gulf of Oman in (a) Spring, (b) Summer,

(c) Autumn and (d) Winter

3.2. Wave power distribution in coastal areas

Evaluation of wave power potential in coastal areas helps the planning for extracting

the energy from the waves. For this purpose, five coastal stations were selected in
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northern areas of Gulf of Oman, and their wave power data were obtained based on
the results of wave modeling. These stations named Sirik, Jask, Googsar, Chabahar
and Govatr (stations 1 to 5 located from west to east, respectively) are shown in Fig. 1
and Table 3. In the next sections, their seasonal, monthly, directional, inter-annual and

storage of wave energy will be discussed in detail.

Table 3. Selected stations and wave power characteristics

Station 1D Station no.  Long. (deg) Lat. (deg)

Sirik 1 56.9 26.3
Jask 2 57.7 25.5
Googsar 3 58.7 25.5
Chabahar 4 60.5 25.1
Govatr 5 61.5 24.9

3.2.1. Seasonal distribution of wave power

Seasonal variations of mean and maximum wave power in five stations are shown in
Fig. 4. According to this figure, the highest mean wave power exists at station 5 in all
seasons. In addition, during autumn, winter and spring, the mean wave power
increases gradually from west (station 1) to east (station 5) of the domain. However,
during summer, the increase of mean wave power at stations 4 and 5 is considerable.
This may be due to the summer monsoon affecting the east parts of the Gulf of Oman
adjacent to the Arabian Sea and Indian Ocean. The lowest mean wave power in all
stations occurs during autumn. In addition, in stations 1 to 3, the winter wave power is
higher than the spring wave power which is similar to the results obtained in section

3.1. The annual mean wave power value is similar to the wave power during spring. It
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is obvious that the annual wave power varies according to the wave power increasing
from west to east, in all seasons.

The seasonal distributions of wave power show a significant seasonal variation at
stations 4 and 5. For example, it ranges from approximately 0.3 and 0.8 kW/m in
autumn and winter, respectively to approximately 1.3 and 2.6 kW/m in spring and
summer, respectively. This means that more than 8 times increase in wave power in
summer compared to that of autumn.

The maximum wave power, which is due to the occurrence of storm events, is highest
in winter at all stations and ranges from approximately 34 kW/m at station 3 to
approximately 51 kW/m at station 1. After the maximum winter wave power, the
highest maximum seasonal wave powers exist in spring at stations 1 to 3 (with values
of approximately 15, 19 and 14 kW/m, respectively) and in summer at stations 4 and 5
(with values of approximately 20 and 30 kW/m, respectively).

The maximum wave power is also higher at station 5 in all seasons except for winter
when the maximum wave power is highest at station 1. Moreover, the maximum wave
power is the lowest during summer at stations 1 to 3 and during autumn in stations 4

and 5.
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3.2.2. Monthly distribution of wave power

Fig. 5 shows the monthly distribution of mean, maximum and the ratio of maximum
to mean wave power. This figure represents that the monthly mean wave power is
highest during Jan to March at stations 1 to 3 and during June to August at station 4
and 5 while the monthly maximum wave power is highest during February at all
stations. There is an increase of maximum wave power in June at station 1 which is
located in the western part of domain in the vicinity of the Persian Gulf where it is
affected by the prevailing winds during this period called Shamal winds [40].
Comparison of monthly wave power in different stations indicates that the highest and

lowest values occur mostly at stations 5 (approximately 3.2 kW/m in July) and 1
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(approximately 0.12 kW/m in October), respectively. This figure also illustrates
significant monthly variations at stations 4 and 5. For example, the wave power varies
between 0.28 and 3.2 kW/m at station 5 which implies that the mean wave power is
approximately 11.5 times greater in July than October.

Fig. 5-c represents the ratio of monthly maximum to mean wave power. The lowest
ratio implies the lowest variability of the wave power in a month. Regarding Figs. 5-a
and 5-b, the difference between maximum and mean wave power is very large at
station 1. For example, it is approximately 228 in June where the mean and maximum
wave powers are about 0.2 and 45.7 kW/m, respectively. Since this is very different
from the ratio at other stations and considering the low amount of wave power in this
station, it was excluded from Fig. 5-c. Fig. 5-c also shows the lowest ratios exist
during May to August and the wave power ratio varies slightly during these months.
This ratio increases during November and February in all stations and also during
April in stations 2 and 3, implying a high variation of wave power range.

To determine the monthly variability of wave power and to evaluate the stability of
the calculated monthly wave power, Monthly Variability Index (MVI1) is used [41,42].
The MVI is the ratio of the difference between the maximum and minimum monthly
mean wave power and the annual mean wave power [14]. Table 4 shows the mean
monthly, annual and MV 1 values for all stations during 11 years. According to this
table, the MV1 values range between 1.26 at station 3 to 2.41 at station 1.Sanil Kumar
and Anoop [14] also assessed the wave energy resources in the Indian shelf seas and
estimated the MVI varies from 1.5 to 3. Zhou et al. [12] also represented the temporal
(annual, seasonal and monthly)-spatial distribution of wave energy in Beibu Gulf,
China and indicated that the maximum MV is about 1.1 that implies a stable monthly

wave condition. Therefore, based on mean annual wave power and MV 1 values (Table
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4), the most inappropriate place for wave energy extraction is station 1 in which the

lowest wave energy and highest MVI can be seen.
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Table 4. Monthly and annual mean wave power and Monthly variability index

Station Mean wave power (kW/m) Mgnt_hl_y
Mean Variability

NO0.  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec annual  index

1 0.39 046 041 0.17 015 0.20 0.29 0.30 0.19 0.12 0.19 0.27 0.14 241

2 059 0.78 050 0.36 030 0.42 053 054 0.22 0.13 0.18 0.26 0.40 1.60

3 0.48 0.69 049 040 042 054 0.68 0.60 0.25 0.15 0.17 0.21 043 1.26

4 0.67 092 0.82 0.73 111 176 241 201 0.62 0.22 0.21 0.29 1.00 2.19

5 0.75 094 092 093 148 244 321 262 0.79 028 0.28 034 1.28 2.30

3.2.3. Directional distribution of wave power

Directional distribution of the wave propagation for different intervals of wave power
values are shown in Figs. 6-10 using wave power roses of five stations. According to
these figures, the dominant annual wave direction is W-SW at station 1, SE at station
2, W at station 3 and S at stations 4 and 5. The dominant wave direction in most of the
stations is S or SE in summer due o the waves coming from the Indian Ocean, and it
changes during the other seasons. In addition, the dominant wave direction varies
from W-SW, W-NW and W at western stations to S and S-SW at eastern stations in
spring. In summer, the dominant wave direction in western stations rotates to SE

(except for station 1) and the south waves are dominant at the eastern stations.
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3.2.4. Inter-annual variations in wave power
Assessment of inter-annual variation of the wave power is required to ensure the
stable wave energy, and it has been carried out in many studies (e.g. [14,25,43]).

Therefore, in order to analyze the long term variation of wave power, inter-annual
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variation of the mean wave power was also investigated. Fig. 11 shows the inter-
annual trend of mean annual and seasonal wave power during 1992 to 2002. This
figure illustrates a slight increase and then a slight decrease of mean annual wave
power during 1992 to 1996 and 1997 to 2001 at stations 2 to 5.

The annual variation of mean wave power is nearly similar to those of the spring,
summer and autumn trends for these stations while the winter trend is different.
Comparison between inter-annual variations of wave power in all stations indicates
that the highest annual wave power always occurs at station 5 in all years except for
winter 1992 when the wave power was higher at station 2; while generally, the lowest
wave power has occurred in station 1 during this period. In addition, the mean annual
and seasonal wave power values are nearly similar in stations 2 and 3 during 1992 to
2002. In addition, the highest variations of the annual wave power occur at stations 4

and 5 and seasonal comparison also shows the highest variations during winter.
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3.2.5. Wave energy potential

Two indices are generally used for evaluation the potential value of wave energy
converter deployment consisting of the total and exploitable storage of wave energy,
according to equations 8 and 9.

Ei=Pmean*t 8)
Ee=PrmeanXte 9)
In which E; and E. represent the total and exploitable storage per unit area,
respectively while t shows the total hours all year round (=8760 hr), t. shows the
exploitable time per unit area in theory, which means the corresponding hours to wave
power value greater than 2 kwW/m. This threshold was used to estimate t. because the
wave energy worth exploitation when it is greater than 2 kW/m [42,44].

Table 5 shows the total and exploitable wave energy values at different stations.
According to this table, the total and exploitable wave energies increase from west to
east and the richest wave energy is located at station 5 at the east of the domain where
the total and exploitable storages of wave energy are 1.1x10*and 0.2x10* kWh/m,
respectively. Zhou et al. [12] also calculated the total and exploitable storage of wave
energy in the whole Beibu Gulf and showed that the highest total and exploitable
storages are approximately 1.2x10* and 0.26x10* kWh/m which are nearly similar to
the corresponding energy at station 5.

The second place with rich wave energy is station 4 with 0.88x10*and 0.13x10*
kKWh/m total and exploitable wave energies, respectively. The poorest storage of wave
energy can be found at station 1 where the total and exploitable wave energies are
only approximately 0.12x10* and 0.0005%10* kWh/m, respectively. Moreover, the
total and exploitable wave energies at stations 2 and 3 are nearly similar (total: about

0.35x10*and 0.38x10* kWh/m, respectively and exploitable about 0.01x10* kWh/m).
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These results indicate that the exploitable wave energy at station 5 is approximately
20 times greater than those of stations 2 and 3 and also is approximately 1.7 times
greater than that of station 4. Therefore, station 5 which is located near Govatr port is
suggested as the best location between the selected areas for wave energy extraction.
The temporal-spatial distribution of the wave energy in northern coasts of Gulf of
Oman indicates that the richest total and exploitable wave energy occurs at stations 4
and 5 located at the east of study area, during summer (June to August) with the

dominant waves propagating from south to north.

Table 5. Total and exploitable storage of wave energy (kWh/m) per unit

Stﬁg?” 1 2 3 4 5
t 37.06  249.09 24718 126669 1658.31
E. 121739 354663 376851 8778.68 11170.04
E, 515 10085 106.34 1269.39 211454

4. Summary and Conclusions

In this study, wave energy obtained from the locally generated winds was assessed in
the whole area and also five coastal stations in the northern Gulf of Oman, to locate
the most appropriate locations for wave energy extraction. Wave data was obtained
based on the numerical modeling using SWAN. Wind data used for wave modeling
was ECMWEF and measured wave data were used to calibrate and verify the numerical
model. Regarding that the highest measured wave period was 8s in five weeks of
measurement, swells were neglected and the model was calibrated and verified on
order to simulate locally wind generated waves, accurately. Hence, the wave energy

was estimated based only on the locally wind generated wave. After verifying the
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SWAN model and running it for the period of 1992 to 2002, the wave power was
calculated from the produced time series of wave characteristics. Spatial distribution
of the wave power in the Gulf of Oman illustrates that the wave power increases from
the Strait of Hormuz towards the Indian Ocean. Furthermore, the highest and lowest
wave power values exist in summer and autumn, respectively.

Wave power potential was also assessed at five selected coastal stations located in
northern areas of Gulf of Oman. Seasonal variations of the mean and maximum wave
powers at the coastal stations show that the highest mean wave power occurs at the
eastern station (station 5) in all seasons. In addition during autumn, winter and spring;
the mean wave power increases gradually shifting from west to east while the increase
of mean wave powers at stations 4 and 5 are considerable during summer, when the
summer monsoon affects the east parts of the Gulf of Oman. Unlike the mean wave
power, the maximum wave power is highest in winter at all stations. The results of
monthly distribution of the wave power represent that the monthly mean wave power
is highest during Jan to March at stations 1 to 3 and during June to August at stations
4 and 5, while the monthly maximum wave power is highest during February at all
stations. There is an increase of maximum wave power in June at the western station
(adjacent to the Persian Gulf) where the area is affected by Shamal winds.

Moreover, the highest and lowest monthly mean wave powers occur mostly at stations
5 and 1, respectively. The ratio of monthly maximum to mean wave power is the
lowest during May to August. It varies slightly during these months, while the ratio
increases during November and February at all stations, and also during April at
stations 2 and 3 (middle stations). In addition, assessment of MV 1 shows that the
highest value exists in the western part of the domain. The MV firstly decreases and

again increases moving from west to east, and station 3 has the lowest MVI.
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Therefore, the most inappropriate place for wave energy extraction is suggested to be
station 1 with the lowest wave energy and highest MVI. Furthermore, the dominant
wave direction at most of the stations is S or SE in summer; mainly due to the waves
coming from the Indian Ocean and it changes during the other seasons.

Analysis of inter-annual variation of the mean wave power represents that the annual
variation of mean wave power is nearly similar to that of the spring, summer and
autumn trends for these stations while the winter trend seems to be different from the
other seasons. The results also indicate that the highest annual wave power occurs in
station 5 in all years except for winter 1992, when the wave power is higher in station
2. The total and exploitable wave energy values were also estimated at different
stations, and the results illustrate also that the richest wave energy can be found in the
eastern part of the domain, where the total and exploitable storage of wave energy
reaches 1.1x10*and 0.2x10* kWh/m, respectively.

Finally, it was shown that the richest area for wave energy extraction is station 5,
located near Govatr port in the eastern part of the study area, and the highest energy
exists during summer (when the energy demand is high) with the dominant waves
propagating from the south. The second suitable station for wave energy extraction is
station 4, which is located near Chabahar port and the poorest wave energy is located
at station 1, at the west of the domain near the Strait of Hormuz, where the monthly

variability index reaches the highest value.
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Figures Caption
Fig. 1. Location of Gulf of Oman, computational grid and selected stations

Fig. 2. Time series of modeled and measured H¢’T, verification period

Fig. 3. Wave power (kW/m) distribution in Gulf of Oman in (a) Spring, (b) Summer,
(c) Autumn and (d) Winter

Fig. 4. Seasonal and annual distributions for (a) mean and (b) maximum wave power
(kW/m)

Fig. 5. Monthly distributions for (a) mean, (b) maximum and (c) ratio of
Maximum/mean wave power (kKW/m)

Fig. 6. Wave power roses, (a) spring, (b) summer, (c) autumn, (d) winter and (e)
annual, in station 1

Fig. 7. Wave power roses, (a) spring, (b) summer, (c) autumn, (d) winter and (e)
annual, in station 2

Fig. 8. Wave power roses, (a) spring, (b) summer, (c) autumn, (d) winter and (e)
annual, in station 3

Fig. 9. Wave power roses, (a) spring, (b) summer, (c) autumn, (d) winter and (e)
annual, in station 4

Fig. 10. Wave power roses, (a) spring, (b) summer, (c) autumn, (d) winter and (e)
annual, in station 5

Fig. 11. Inter-annual distributions of seasonal mean wave power (KW/m)
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Fig. 1. Location of Gulf of Oman, computational grid and selected stations
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