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Abstract 
Wave energy is one of the recently developed renewable energy sources which can be an appropriate 
alternative to fossil fuels with limited negative environmental impacts. This kind of energy is unevenly 
distributed over the world, varying by location and time. In this study, wave parameters are simulated for 
wave energy assessment in the Chabahar zone, using SWAN model and a wind field with 0.5 degree and 3 
hours spatial and temporal resolutions, respectively. After validating the numerical model and wind field, 
wave parameters were modeled at 45 sites along the Chabahar coastline for 23 years and hot spots were 
specified for wave energy extraction considering the economical justifications. For determining the dominant 
wave energy directions in the specified location, the combination of significant wave height intervals and 
mean wave directions was evaluated and the results indicated that most of the waves propagate from S and 
SSE direction, i.e. the waves are coming from the Indian Ocean to this area. For assessing the obtained 
results and regarding the direct effect of the wind on wave parameters, wind speed and direction were 
studied in this region. Directional and seasonal separations of the wind data showed that the waves are 
produced by the 120-day wind of Sistan which is known as Levar. This wind starts to blow from the middle of 
May to the middle of September and the maximum wind speed occurs in July. In addition, for investigating 
seasonal variations of the wave energy, seasonal average wave energy was also obtained. The results 
represent that the highest wave energy can be captured in June, July and August, from the south and south-
east directions. The average energy value during these months is determined as approximately 10 MWh/m. 
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1. Introduction 
Wave energy is one of the recently developed 
renewable energy sources with the potential to 
contribute to the electricity market [1]. This source 
of energy can be an appropriate alternative to 
fossil fuels with high power density and limited 
negative environmental impacts [2,3]. Wave 
energy is unevenly distributed over the world, 
varying by location and time [4]. The best wave 
climates are found in the 40-60 ̊ latitude range and 
waves are more powerful along the western edge 
of continents due to the prevailing west-to-east 
winds [5]. Although the highest energetic ocean 
waves are concentrated in the temperate zones, 
some attractive wave climates are also found in 
equatorial zones where strong winds blow [6]. In 
addition, wave power varies in time, from year to 
year, season to season etc.  
Chabahar in Sistan va Baluchestan province is 
located in the south-east of Iran and north-east of 
the Gulf of Oman (Figure 1). Although the 
Chabahar zone is not included among the richest 
in wave energy resources, Chabahar coast line is 
connected to the Indian Ocean by the Gulf of 
Oman, therefore the most energetic wave climate 
is found there. In addition, the effect of Indian 
monsoonal winds is remarkable in the area. This 
area is subject to seasonal winds from different 
direction. The most important of this kind of wind is 
the 120-day wind of Sistan known as Levar which 

normally starts around mid-May. Monsoon winds 
make Chabahar the coolest southern part of Iran in 
the summer. However, the weather is hot and dry 
during this season. Therefore, extraction of 
electrical energy from renewable and sustainable 
energy sources is very important in this area. 
Since the study on the wave energy is in the early 
stages in Chabahar, it is necessary to evaluate the 
potential of this source of energy and describe the 
characteristics of the energy source in terms of the 
sea states. This characterisation plays a great role 
for selecting the most appropriate Wave Energy 
Converter (WEC), tuning and even designing a 
special device [7].  
This study investigates the directional and 
seasonal wave power in the Chabaha. For 
simulating wave parameters, the SWAN 
(Simulating WAves Nearshore) numerical model 
was implemented, and the results were validated 
based on recorded wave data. After validating the 
wave model, wave characteristics were hincasted 
for 23 years (1985-2007) along the Chabahar 
coastline. Since WECs must be adapted to the 
local wave climate, the directional and seasonal 
wind parameters and wave power were evaluated 
at a high-energy spot with the economical 
justifications. Finally, the wave energy resource 
was characterised in terms of significant wave 
heights and energy periods. 
 



2. Wave model and data set 
In order to model the wave parameters, the SWAN 
numerical model [8,9] was used. The model is a 
third-generation spectral wind wave model, 
developed for estimation of wave parameters in 
coastal regions.  
The SWAN model is a finite-difference scheme 
which solves the spectral wave action balance 
equation without any a priori assumption on the 
wave spectrum shape [10,11]. The wave field is 
described by the two-dimensional wave action 
density spectrum, N(σ,θ) where σ is the angular 
wave frequency (i.e. the radian frequency in a 
frame of reference moving with current velocity) 
and θ is the wave direction (i.e. the direction 
normal to the wave crest of each spectral 
component). 
The SWAN model solves the spectral action 
balance equation for the Cartesian coordinates [9]: 
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The first term on the left-hand side shows the local 
rate of change of action density in time, the next 
two terms represent the propagation of action in 
geographical space where cx and cy are the 
propagation velocity in the x and y-spaces, 
respectively. The fourth term represents the 
shifting of the relative frequency due to variations 
in depths and currents in which, cσ is the 
propagation velocity in the σ-space. The last term 
on the left-hand side demonstrates depth-induced 
and current-induced refraction and propagation in 
directional space in which, cθ is the propagation 

velocity in the θ-space [8]. The term S=S(σ,θ) 
represents sources or sinks of wave energy. This 
term shows the effects of generation, dissipation 
(by whitecapping, bottom friction and depth-
induced wave breaking) and nonlinear wave-wave 
interactions. Further details can be found in 
[8,9,12]. 
For simulating the wave parameters, the SWAN 
model was executed in the two-dimensional 
nonstationary mode. The model was implemented 
on nautical coordinates covering the Gulf of Oman. 
The geographical domain was divided into 92 x 82 
uniform cells with 0.0333 ̊resolutions in x and y 
directions, respectively. The bathymetry data was 
obtained from the Iranian National Center for 
Oceanography (INCO). The spectral space was 
resolved in 18 directions (20 ̊ angular bandwidth) 
and 25 logarithmically spaced frequencies, 
between 0.04 Hz and 1 Hz. The Cumulative 
Steepness Method (CSM) [13] was used for 
approximating whitecapping. Quadruplet nonlinear 
interactions, depth-induced wave breaking and 
bottom friction were activated in the model.  The 
model execution time step was selected as 10 
minutes. 
The model was run for the south-east of Iran, 
between the longitude of 59.5 ̊E - 61 ̊E and the 
latitude of 25 ̊N - 25.45 ̊N. Since there is a direct 
correlation between the quality of wind data as an 
input of numerical models and the results of 
numerical wave hindcast, selecting an appropriate 
wind field is crucial for wave modeling and 
hindcasting [14,15]. Therefore, a measured wind 

Figure 1   The Chabahar zone and locations of  Chabahar port, buoy and ADCP. 



field integrated with the meteorological stations 
near the shoreline and QuickSCAT satellite data 
was used for simulating the wave characteristics. 
The wind data in these stations have been 
recorded 3-hourly from 1985 to 2007, continuously. 
This wind field covered the Gulf of Oman with a 
resolution of 0.5 ̊ x 0.5 ̊. 
The model was validated using the measurements 
of a Datawell Directional Waverider buoy and an 
ADCP, deployed by Islamic Republic of Iran 
Meteorological Organization (IRIMO), located near 
the port of Chabahar at 60.65 ̊E and 25.267 ̊N, and 
60.534 ̊E and 25.234 ̊N, respectively (Figure 1). 
Time series of the modeled significant wave 
heights against the buoy and ADCP 
measurements during the verification period are 
shown in Figure 2. As seen, there is a very good 
agreement between the model results and 
measurements. 
Based on the directional wave energy spectrum 
S(f,θ), it is possible to compute the wave 
parameters of interest. The spectral moments of 
order n are defined as: 
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where f is the wave frequency. The energy period 
(Te) of the sea state and the significant wave 
height (Hs) in terms of the spectral moment 
respectively are given by: 
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Hs = Hm0 = 4(m0)1/2                                           (4) 

 
Therefore, the wave energy flux per unit width of 
the progressing wave front in terms of energy 
period and significant wave height in deep water is 
approximated: 
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where ρ is the mass density of sea water (1025 
kg/m3), g is the gravitational acceleration. It should 
be noted that further details on irregular wave 
theory can be found in [16]. 
 
3. Results and discussions 
 

3.1 Hot spots 
Having validated the wave model, 45 sites along 
the Chabahar coastline were selected to 
characterise the wave energy potential. At each 
site, 5 points were considered perpendicular to the 
coastline with the intervals of 3.3 km. The three-
hourly values of significant wave height, energy 
period, and mean wave direction within the period 
1985-2007 (23 years) were analysed for each 
point. The wave energy was calculated at each 
point using equation (5) to specify the hot spots for 
wave energy extraction in the area of study. It was 
found that the appropriate nearshore points for 
extraction of wave energy are located at the depth 
between 35 and 45 meters. These points were 
evaluated and the result showed that there is no 
significant difference between annual energies of 
hot spots along the Chabahar coastline. One of the 

Figure 2   Comparison between the modeled and measured significant wave height in the verification period: (a) buoy, (b) 
ADCP. 
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most important factors for selecting an area for the 
installation of a wave farm is the proximity to the 
cities. Since the Chabahar port is located in the 
studied area, a site near this area can be the best 
spot for installing a wave farm. The Chabahar port, 
located at 25.29 ̊N and 60.63 ̊E  (Figure 1), is one 
of the most important ports of Iran and the closest 
Iranian port to the Indian Ocean. This port officially 
has been designed as a free trade and industrial 
zone in the Gulf of Oman. Therefore, a site with 
the maximum annual energy, located at 25.22 ̊N 
and 60.47 ̊E with the water depth of 38 m, was 
selected for assessing the directional and seasonal 
wave power. In addition, the population density is 
low in the other part of Chabahar. Therefore, there 
is no economic justification to extract wave energy 
in such areas. 

 
3.2 Average directional and seasonal 

variations of wave power  
For determining the dominant wave energy 
directions in the specified location, the combination 
of significant wave height intervals and mean wave 
directions was evaluated. Table 1 shows the 
percentage of occurrence for different significant 
wave height intervals in sixteen directions. The 
results indicated that the most of the waves 
propagate between SSW and SSE direction. For 
appraising the obtained results and considering the 
direct effect of the wind on wave parameters, wind 
speed and direction were studied in the period 
1985 to 2007. For this purpose, the monthly 
averaged wind speed and wind direction are 
plotted in Figure 3. This figure shows that the 
prevailing wind direction in the studied area varies 
from SSW to SSE. The wind speed is higher from 
June to September with the directions of S and 
SSE. This summer wind is called the 120-day wind 
of Sistan which is known as Levar. This wind starts 
to blow from the middle of May to the middle of 
September and the maximum wind speed occurs 

in July. The results indicate that most of high 
waves in this area are produced by this kind of 
wind which comes from the Indian Ocean. 
 
Table 1   Percentage of total time in an average year of 
sea states in different ranges of mean wave direction 
and Hs 

Direction 
(m) sH 

<0.5 0.5-1 1-2 2-3 3-4 >4 Total 
N 0.00 0.02 0.00 0.00 0.00 0.00 0.02 
NNE 0.01 0.01 0.01 0.00 0.00 0.00 0.02 
NE 0.02 0.04 0.01 0.00 0.00 0.00 0.06 
ENE 0.04 0.07 0.01 0.00 0.00 0.00 0.13 
E 0.13 0.24 0.07 0.00 0.00 0.00 0.44 
ESE 0.41 0.60 0.14 0.01 0.00 0.00 1.16 
SE 1.32 3.17 2.04 0.49 0.14 0.00 7.16 
SSE 6.73 13.34 6.07 1.46 0.39 0.00 27.99 
S 9.98 10.04 3.51 0.41 0.02 0.00 23.97 
SSW 9.11 7.85 2.97 0.53 0.10 0.00 20.55 
SW 5.16 6.16 3.38 0.74 0.36 0.00 15.80 
WSW 0.95 0.80 0.44 0.06 0.03 0.00 2.28 
W 0.19 0.09 0.02 0.00 0.00 0.00 0.30 
WNW 0.05 0.02 0.00 0.00 0.00 0.00 0.07 
NW 0.01 0.00 0.00 0.00 0.00 0.00 0.02 
NNW 0.01 0.01 0.00 0.00 0.00 0.00 0.02 
Total 34.15 42.45 18.65 3.70 1.04 0.00 100.00 

 
To study the seasonal variations of the wave 
energy, the seasonal average value of wave 
energy was also determined. The annual 
distribution of wave energy on a seasonal basis is 
plotted in Figure 4. This figure shows that the 
seasonal averaged wave power varies between 
1.5 kW/m and 4.4 kW/m. The highest average 
energy occurs during the summer, and the lowest 
is associated with autumn. 
For determining the energy value and 
characterising the wave energy potential in terms 
of sea states during the summer, the joint 
significant wave height and energy period 
distribution in the period 1985–2007 was tabulated 
considering six significant wave height intervals 
and seven energy period intervals. The results of 
the (Hs, Te) analysis, with wave energy data 
expressed in kWh/m are shown in Table 2. As 
seen, the average value of energy during this 

Figure 3   Monthly averaged wind speed and direction, 1985 to 2007. 
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season is determined as approximately 10 
MWh/m. In addition, the bulk of energy is 
associated with a significant wave height between 
1 and 3 m and an energy period between 4 and 8 
s. 
 
4. Summary and conclusions  
This study investigates the directional and 
seasonal wave power in the Chabahar zone. To 
determine the wave climate, a hindcast dataset 
covering 23 years (1985-2007) was used. The 
wave model SWAN was implemented to simulate 
wave parameters and the results were compared 
with buoy and ADCP measurements. After 
validating the numerical model and wind field, the 
wave parameters of interest i.e. Hs and Te with 
their direction were modeled at 45 sites along the 
Chabahar and hot spots were specified for wave 
energy extraction considering economical 
justifications. The easternmost site near to the 
Chabahar port was identified as the most 
appropriate area for wave energy extraction. 
To evaluate the dominant direction of wave energy 
at this site, the characteristics of the wave energy 
resource in terms of significant wave heights and 
wave directions were assessed. It was found that 
most of the waves propagate from S and SSE and 
are produced by a seasonal wind in the studied 
area. This wind blows out of the Indian Ocean from 
the middle of May to the middle of September. 

After determining main wave energy direction, the 
seasonal variations of wave energy in this area 
were investigated and it was found that the highest 
wave energy can be captured during the summer 
(from June to August) and the amount of energy 
during this season is around 10 MWh/m.  In 
addition, the bulk of energy is associated with a 
significant wave height between 1 and 3 m and an 
energy period between 4 and 8 s. 
Although the amount of wave energy estimated 
along the coast of Chabahar is low, the available 
wave power is still a remarkable energy source in 
this area. With increasing WECs efficiency in the 
future and advancing technological capabilities for 
extracting wave energy, the extractable energy 
might eventually become more than expected 
today. 
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