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Abstract: The study explored wind-wave energy distribution in 

parts of Ondo State coastal and offshore locations, Nigeria. This 

was to identify suitable locations for the deployment of wind 

turbines and wave energy converters (WEC) for the government’s 

proposed renewable energy initiative in the area. It involved the 

use of daily, one-hourly averaged wave height, wave period, and 

10m wind speed data spanning from January 1, 1989, to December 

31, 2023, derived from ERA5 reanalysis data sets. The wave height 

and wave period data were used to compute the wave power 

density, while the 10m wind speed data was used to estimate the 

wind power density. The two-parameter Weibull distribution 

function with the gamma function were used to compute the wind 

power density. The threshold condition of wave power density 

above 6 kW/m and a coefficient of variation below 2.0 was used to 

determine the relatively rich energy regions of wave power. Also, 

the wind power classification was used to determine the class of 

dominant wind power in the area. Results revealed that the wave 

power varied from 0.01–4.57 kW/m, while the wind power varied 

from 7.66–83.43 W/m².  
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The southwestern part of the study area (offshore) exhibited the 

largest wind power density. The studied locations were adjudged 

unsuitable for large-scale wind-wave energy generation. The 

energy potentials could only be adequate for non-grid-connected 

electrical and mechanical applications. However, probing deeper 

offshore could detect bankable regions of wind-wave energy 

deposits. 

Keywords: ERA5 Reanalysis Data, Renewable Energy, Wave 

Energy Converter, Wind Turbines. 

I. INTRODUCTION

The attention dedicated to the utilization of renewable

energy resources has increased dramatically in recent years. 

The maritime environment houses a vast supply of renewable 

energy and has great potential for the development of 

renewable energy projects. Ocean resources are clean energy 

sources with significant potential over large areas, as 

evidenced by tidal currents and ocean surface waves [1].  

It is also possible to harness wind energy in these locations. 

However, offshore wind farms involve higher construction 

and maintenance costs [2].  

Promoting the combined harvesting of wind and wave 

energy resources, either through hybrid devices or co-located 

wind-wave farms, could present an opportunity to counteract 

this shortcoming and offset significant costs [3].  

[4] Conducted a study on hybrid marine energy projects in

Europe and discovered that, due to their abundant resources 

and suitable depth conditions, the north and west have the 

most potential for combination technologies. Numerous 

studies have been conducted to evaluate the wind-wave 

energy potential in different parts of the world [5], but very 

few have emphasized how these resources might be utilized 

in tandem [6]. Current research on the combined exploitation 

of wind and offshore waves indicates that this is a viable 

option in several European and global locations [7]. 

Additionally, several studies have estimated how these 

resources relate to one another and enhance economic 

competitiveness. 

Offshore wind resources offer more benefits than land-

based wind resources [8]. Among all marine renewable 

technologies, wind energy from offshore sources is the most 

advanced in terms of installed capacity, commercialization, 

policy frameworks, and technological advancement [9]. The 

development of new offshore solutions, such as wind turbines 

with larger rotors, deep-sea locations, 

and floating platforms, is currently 

the main focus of concern [10]. 

Floating technology can be viewed 
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as a commercially viable way to harness readily available 

wind resources, particularly at greater depths (>50 m), where 

traditional fixed offshore wind turbines are no longer 

economically feasible [11]. Wave energy converters (WECs) 

have been identified as devices with the potential to play a 

significant role in the medium to long term [12]. While wave 

power generation is the primary reason for utilizing and 

exploiting wave energy, it can also be used for heating, 

desalination, pumping, and other applications [8].  

Several authors have investigated the feasibility of 

combining floating wind turbines with WECs. Wind-wave 

technology is a sustainable solution for reducing the sporadic 

availability of wind and wave resources, thereby improving a 

site's overall marine energy potential [13]. As a result, the 

integration of combined renewable energy technologies helps 

lower energy costs and reduce power fluctuations [14]. 

[15] Examined, based on a literature review and data from 

Africa Energy Outlook 2019, the feasibility of adopting 

renewable energy from the ocean for socioeconomic 

development in sub-Saharan Africa, given the region's 

enormous potential for ocean-based energy sources. 

Numerous studies have recently detailed the possible 

geographical impacts of renewable energy instruments on the 

oceans [16]. 

There are regions in the Mediterranean where wind-wave 

energy exhibits low mean values, but they are not negligible. 

The Gulf of Lions, the Sicily Straits (Central Mediterranean), 

the Sardinian beaches, the northeastern coasts of the Balearic 

Islands (NW Mediterranean), and specific spots in the 

Aegean Sea are also promising areas for joint exploitation.  

The Ondo coastal environment is part of the Atlantic 

Ocean and is endowed with abundant wind-wave energy 

resources. The area is, therefore, one of the proposed 

locations for the development of renewable energy. Nigeria 

plans to generate 30,000 MW of electricity by 2030, with 

3,000 MW coming from renewables and 27,000 MW from its 

power plants to serve its population of over 200 million. 

However, power generation currently hovers just above 5,000 

MW. At present, little to no studies have been conducted on 

the wind-wave energy potential in the study area. The 

dwindling oil resources in Nigeria have necessitated the 

consideration of the area for the exploration of bankable 

wind-wave energy potentials. Renewable energy is 

environmentally friendly and reliable. 

This study, therefore, evaluates the potential of wind and 

wave energy and estimates areas viable for the combined 

exploitation of both resources in the region. It is intended to 

provide the required baseline information for harnessing 

wind-wave energy in the study area to generate steady, 

cheaper, and sustainable electricity through an 

environmentally friendly process. Investment in this project 

is expected to improve power supply, enhance socioeconomic 

activities, attract investors, and create employment 

opportunities. These attributes of renewable resources are 

analyzed in the present study using reanalysis data for both 

wind and wave conditions of the sea states. Furthermore, the 

bivariate distribution of wave energy is analyzed, and an 

investigation is conducted to identify sites with relatively rich 

wave energy, ideal for the installation of wave power plants 

for electrical energy generation. 

This work is organized as follows: Section 2 provides 

detailed information about the study region. The analytical 

methods used to evaluate wind and wave power in the study 

region, followed by the results and discussion, are presented 

in Sections 3 and 4, respectively. Finally, Section 5 concludes 

the work.  

II. DESCRIPTION OF THE STUDY AREA 

A. Geography and Topography of the Study Area 

Figure 1a illustrates the study area, which is located 

between latitudes 5.83°N and 6.3°N and longitudes 4.3°E and 

5.08°E. 

 
(a) 

 
   (b) 

[Fig.1: (a): Location Map and (b) Topography of the 

Study Area] 

There are two main seasons in the tropical environment, 

with the rainy season lasting approximately seven months 

(April to October) and the dry season lasting roughly four 

months (November to March) [17]. The area's coastal regions 

typically feature rainforest-type flora, with an abundance of 

trees and grasses growing along riverbanks. The environment 

is characterized by high-energy waves, which have resulted 

in incessant sea incursions into inhabited areas [18]. The 

hydrological setting of the study area is Niger River-

dependent and drains a significant portion of West Africa 

with sediment-laden water, which empties into the Atlantic 

Ocean through 14 major river inlets [19]. Due to its low-

lying, predominantly flat topography (Fig. 1b), the region is 

highly vulnerable to coastal erosion 

and flooding, particularly during 

high tides [20]. 
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B. Rainfall Pattern and Geology of the Study Area 

The Ondo state coastal region is known for heavy 

precipitation varying from about 2,000 mm/annum in Irele 

and Okitipupa environs to about 3,000 mm/annum in Ilaje 

and Ese-Odo areas [21]. The Coastal Plain sands constitute 

the major shallow hydro-geologic units in the area. Aquifers 

are characteristically continental sands, gravels, or marine 

sands. The lateritic earth overlying the sands, as well as the 

underlying impervious clay/shale member of the Akinbo 

Formation, constitute protective configuration for the aquifer 

units [22]. Surface geology in this coastal area is made up of 

the Benin formation and also the recent alluvium. The 

heterogeneous and loose nature of the Benin formation makes 

water table to occur at fairly deep depth beyond the reach of 

most ordinary hand-dug wells [23]. 

III. DATA SOURCE  

The primary source of data used for this study is the ERA5 

Reanalysis, spanning a 34-year period (1989–2023). The 

choice of ERA5 is based on previous works that highlight its 

relevance in African regions. The dataset is highly reliable 

and up-to-date, providing hourly, synoptic, daily, and 

monthly data fractions for trend analysis and ocean weather 

monitoring and forecasting, particularly over data-sparse 

regions like Africa [24]. 

The data were downloaded over a box extending from 

latitudes 5.83°N to 6.3°N and longitudes 4.3°E to 5.08°E at a 

0.5° × 0.5° spatial grid resolution (Figure 1a). 

IV. METHODOLOGY 

The method of study involved using 1-hour values of 

significant wave height and wave period to compute wave 

power density, followed by the computation of wind power 

density using 10m wind speed data. The parameters 

(significant wave height, wave period, and 10m wind speed) 

were extracted from both buoy (observational) data and 

ERA5 Reanalysis. 

Wave power density was estimated from significant wave 

height and wave period using Equation 1. 

𝑃𝑤 =
𝜌𝑔2

64𝛱
𝐻2

𝑚𝑜𝑇𝑒 = 0.49𝐻2
𝑚𝑜𝑇𝑒   …   (1) 

where Pw is wave power (kW/m), Hmo is the wave height 

(m), and Te is the wave period (s). 

 Additionally, the wind power density was computed using 

equation 2 [25]. 

𝑃𝑑 =
𝑃(𝑣)

𝐴
=

1

2
𝜌 ∫ 𝑣3

∞

0

𝑓(𝑣)𝑑𝑣 =
1

2
𝜌𝑐3𝛤 (1 +

3

𝑘
)  …   (2) 

Where A is the swept area of the wind turbine rotor (W/m2), 

Pd is the wind power density (W/m2), P (v) is the wind power 

(watts), and ρ is the air density, typically taken to be 1.225 

kg/m3. 

Where, 

𝑓(𝑣) =
𝑘

𝑐
(

𝑣

𝑐
)

𝑘−1

exp [− (
𝑣

𝑐
)

𝑘

]  …   (3) 

 

𝑐 =
�̅�

𝛤(1+1 𝑘⁄ )
   …   (4) 

 

𝛤(𝑥) = ∫ exp(−𝑢)𝑢𝑥−1
∞

0

𝑑𝑥   …   (5) 

 

𝑘 = − (
𝜎

�̅�
)

−1.086

   …   (6) 

 

  for 1 ≤ k ≤ 10 

The wave power stability was determined using the 

Seasonal Variability Index (SVI) and the Monthly Variability 

Index (MVI) in Equations 7 and 8, respectively.  

       

𝑆𝑉𝐼 =
(𝑃𝑆1 − 𝑃𝑆4)

𝑃𝑦𝑒𝑎𝑟⁄     …   (7) 

 

and the MVI is expressed as:          

          

𝑀𝑉𝐼 =
(𝑃𝑀1 − 𝑃𝑀12)

𝑃𝑦𝑒𝑎𝑟⁄    …   (8) 

Where Ps1 and Ps4 are the maximum and minimum 

seasonal mean wave power densities, respectively, PM1 and 

PM12 are the maximum and minimum monthly mean wave 

power densities, respectively, and Pyear is the annual mean 

wave power density. Higher index values indicate larger 

wave energy variations and decreased stability compared to 

lower index values. 
The wind coefficient of variation (COV) was estimated 

using equations 9 and 10. The formula is as follows: 

𝐶𝑂𝑉 =
𝑠

�̅�
    …   (9) 

Where s is the wind standard deviation (STD) and is 

evaluated as: 

𝑆 = √∑ 𝑥𝑖
2𝑛

𝑖=1 −(∑ 𝑥𝑖
𝑛
𝑖=1 )

2
/𝑛

𝑛−1
   …   (10) 

𝑥
 is the mean value. 

According to [28], the threshold conditions for determining 

the relatively rich energy region of wave power density were 

established: the average wave power density must exceed 6 

kW/m, and the coefficient of variation must be less than 2.0. 

It is an interpretational tool developed by [26]. For the 

purpose of this study, an in-house MATLAB code was 

developed to identify the relatively rich wave power energy 

regions in the study area. 

       Additionally, another in-house MATLAB code was 

written to determine the bivariate distribution of wave energy 

in the study area. 

For the purpose of this study, 

Equation 11 was used to calculate the annual, seasonal, and 

monthly wave power density (WVPD). It is expressed as a 

percentage cumulative frequency as follows: 
 

𝑓(𝑊𝑉𝑃𝐷) = 100(𝑛
𝑁⁄ ) …   (11) 

 

Where N is the total of the WVPD values and n is the 

frequency of WVPD that satisfies each of the stated intervals 

of WVPD with respect to various wave powers. 

For the purpose of validating the ERA5 Reanalysis data, 

the accuracy of the wave parameters from ERA5 Reanalysis 

was evaluated through conventional statistical analysis, 

consisting of the correlation coefficient, mean bias error, and 

root mean square error. These are 

given  
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by Equations 12, 13, and 14, respectively [27]: 

𝑐𝑐 =
∑ (𝑥𝑖−�̅�)(𝑦𝑖−�̅�)

𝑛
𝑖−1

√∑ (𝑥𝑖−�̅�)2𝑛
𝑖−1 ∑ (𝑦𝑖−�̅�)2𝑛

𝑖−1

   …   (12) 

 

𝐵𝑖𝑎𝑠 = �̅� − �̅�    …   (13) 

 

𝑅𝑀𝑆𝐸 = √
1

𝑁
∑ (𝑦𝑖 − 𝑥𝑖)2

𝑛

𝑖−1
  …   (14) 

where xi represents the buoy data, yi represents ERA5 

Reanalysis data, x and y are the mean values of buoy and 

ERA5 Reanalysis data and N is the total number of 

observations.  

V. RESULT AND DISCUSSION 

Table I presents the percentage cumulative frequency of 

the annual, seasonal, and monthly wave power density 

(WVPD) in the study area, as computed using Equation 11. It 

shows the annual, seasonal, and monthly percentage 

cumulative frequency distribution of wave power between 0 

and 40 kW/m. 

It was observed that the frequency of wave power values 

clusters around 0 to 5 kW/m, with occasional bursts of higher 

wave power across the area. Additionally, the wave power 

within the 0 to 5 kW/m range is higher during the dry season 

than the wet season over the majority of the locations. 

However, higher wave power (5 - 10 kW/m) between June 

and October is more frequent during the wet season. It can be 

inferred that lower wave power occurrences prevail in the dry 

season, while higher wave power occurrences are more 

prominent in the wet season. 

Figure 2 shows the spatial distribution of the annual and 

seasonal mean wave power density (WVPD). From Figure 

2a, it can be observed that the annual WVPD varied between 

0.01 and 4.57 kW/m. The high range (2.42–4.57 kW/m) of 

WVPD occurred around Ajapa, Opuama, Mahin, and the 

North-West, North-East, and South-East flanks of the study 

area. 

The WVPD distribution in the dry season (Figure 2b) 

revealed the same trend as the wet season (Figure 2c). 

However, the wave power is stronger in the wet season. The 

wave power density still reflects the mean annual distribution 

in the study area. Wave energy converters for domestic 

purposes can be deployed in these identified areas. 

 

Table 1: Percentage Cumulative Frequency (f) Distribution of the Annual, Seasonal and Monthly Wave Power Values 

for the Study Area 

 0≤wvpd≤5 5≤wvpd≤10 10≤wvpd≤15 15≤wvpd≤20 20≤wvpd≤25 25≤wvpd≤30 30≤wvpd≤35 35≤wvpd≤40 wvpd≥40 
Annual 89.84 8.57 1.22 0.25 0.07 0.03 0.01 0.01 0.00 

Dry Season 96.70 3.02 0.25 0.02 0.00 0.00 0.00 0.00 0.00 
Wet Season 84.98 12.50 1.90 0.42 0.12 0.05 0.02 0.01 0.00 

Jan 98.65 1.21 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Feb 99.30 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mar 97.11 2.63 0.14 0.02 0.00 0.00 0.00 0.00 0.00 

Apr 93.47 6.35 0.18 0.00 0.00 0.00 0.00 0.00 0.00 

May 89.07 9.60 1.10 0.13 0.01 0.00 0.00 0.00 0.00 

Jun 82.18 15.48 1.98 0.30 0.06 0.00 0.00 0.00 0.00 

Jul 77.98 17.37 3.39 0.80 0.24 0.08 0.04 0.01 0.00 

Aug 83.05 13.97 2.20 0.39 0.15 0.07 0.04 0.02 0.00 

Sep 83.46 12.64 2.52 0.83 0.30 0.13 0.06 0.03 0.01 

Oct 85.47 11.92 1.90 0.47 0.06 0.03 0.03 0.01 0.00 

Nov 90.97 7.91 1.03 0.09 0.00 0.00 0.00 0.00 0.00 

Dec 97.26 2.59 0.05 0.00 0.00 0.00 0.00 0.00 0.00 

 
(a) 

 

(b) 

 
(c) 

Fig.2. (a) Annual, (b) and (c) Seasonal Mean WVPD in 

the Study Area 

Table II shows the monthly mean values of the wind 

parameters: shape (k), scale (c), wind power density (WPD), 

and wind speed (u). These values 

reflect the wind pattern in the area. 

It can be observed that the wind is 

more stable in August (the peak of 
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the rainy season) and most erratic around October and 

February. Additionally, the high value of c is observed in 

August, while the lowest values occur around November and 

January. The minimum value of covariance occurs in August, 

supporting the maximum value of k in the same month and 

indicating the degree of stability of the wind in the area. This 

trend is also supported by the high values of the WPD ratio 

and wind speed ratio, whereas the values are lowest between 

November and January. The wind strength is highest during 

the rainy season and weakest during the dry season. 

Table 2:  Monthly and Annual Mean Wind 

Characteristics 

Mon 

th 
k 

c 

(m/s) 

WPD 

(w/m2) 

u 

(m/s) 
σ 

cov 

(%) 

WPD 

Ratio 

u 

Ratio 

Jan 3.06 3.67 35.85 3.28 1.22 37.84 0.88 0.96 

Feb 3.64 4.06 46.50 3.67 1.20 33.50 1.14 1.07 

Mar 4.15 4.27 51.61 3.88 1.07 28.29 1.27 1.13 

Apr 3.68 3.99 43.38 3.61 1.11 31.51 1.07 1.05 

May 3.06 3.36 27.84 3.01 1.09 37.41 0.68 0.88 

Jun 3.20 3.58 33.61 3.21 1.12 36.08 0.83 0.94 

Jul 4.15 4.48 61.56 4.08 1.14 29.00 1.51 1.19 

Aug 5.00 4.80 73.25 4.41 1.07 25.03 1.80 1.29 

Sep 3.61 3.98 44.24 3.59 1.14 32.86 1.09 1.05 

Oct 2.93 3.13 23.14 2.80 1.05 38.87 0.57 0.81 

Nov 3.13 3.04 20.82 2.73 0.97 36.70 0.51 0.79 

Dec 2.99 3.30 26.73 2.96 1.10 38.11 0.66 0.86 

Annual   40.71 3.44     

 

On the other hand, Figure 3 shows the distribution of the 

annual and seasonal wind power density (WPD). The annual 

WPD varied from 7.66 to 83.43 W/m². The spotted highs are 

located around the southwest and southern flanks of the study 

area. The northeast flank revealed low WPD values in 

contrast to the WVPD counterparts. The previously identified 

coastal settlements and low-lying locations recorded low 

values of WPD. The near-bankable wind locations are located 

offshore to the southwest. However, only domestic wind 

turbines are recommended for deployment in the area. By 

standard classification, the area falls under class 1 (Table III). 

Table 3:   Wind Power Classification [28] 

Power Class Power Density (w/m2) at 10 m 

1 0 < P ≤ 100 

2 100 < P ≤ 150 

3 150 < P ≤ 200 

4 200 < P ≤ 250 

5 250 < P ≤ 300 

6 300 < P ≤ 400 

7 400 < P ≤ 1000 

 

(a) 

 
(b) 

 
(c) 

[Fig.3: (a) Annual, (b) and (c) Seasonal Distribution of 

WPD for the Period 1989-2023]  

The wind power, like the wave power density, is stronger 

during the wet season than the dry season. 

Figure 4 is a plot of time series and scatter plots of wave 

height (a), wave period (b), and 10m wind speed (c). These 

parameters were extracted from ERA5 Reanalysis sites over 

the buoy coordinates. They are meant to compare ERA5 

Reanalysis data with the buoy data. 

Qualitatively, there is a visual correlation between ERA5 

Reanalysis and the buoy data. Quantitatively, it is evident in 

the scatter plot (Figure 4) that the parameters from ERA5 

Reanalysis and their observed values are highly correlated, 

with the correlation coefficient (cc) larger than 0.8 for the 

three cases and significant at the 99% level. The calculated 

negative mean bias errors (MBE) of -0.09 m, -1.28 s, and -

0.27 m/s show that the ERA5 Reanalysis data are slightly 

higher than the buoy data. The errors of ERA5 Reanalysis, 

which are 0.22 m, 1.36 s, and 0.55 m/s, are low when 

analyzed using the root mean square error (RMSE). 

In general, the ERA5 Reanalysis data are consistent with 

the observations, showing that ERA5 Reanalysis can well 

reproduce the above parameters and represents a reliable data 

source for wind and waves. 
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(a) 

 
(b) 

 

 
(c) 

[Fig.4: Time Series and Scatter Plots of (a), Wave Height 

(b), Wave Period and (c), 10 m Wind Speed] 

 

 

 

 

[Fig.5: Annual and Seasonal Temporal Trends in WVPD 

for the Period 1989-2023 Over the Study Area, Unit: 

kW/myr-1] 

Figure 5 presents the long-term temporal trends in wave 

power density (WVPD) for the period 1989–2023 over the 

study area. It explains the annual and seasonal temporal 

variations in wave power for the years considered. The annual 

trend is 0.0097 kW/myr⁻¹, while the trends during the dry and 

wet seasons are 0.0093 kW/myr⁻¹ and 0.01 kW/myr⁻¹, 

respectively. The trend is stronger during the wet season. The 

minimum values of wave power for the year, dry season, and 

wet season are 0.64 kW/m, 0.75 kW/m, and 0.56 kW/m, 

respectively. 

The annual maximum values of 

wave power for the year, spanning 

between the dry and wet seasons, 
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are 2.69 kW/m, 1.97 kW/m, and 3.62 kW/m, respectively. 

These values occurred in the years 1998, 2011, and 2012. The 

increasing trend in wave power over the years and seasons 

can be attributed to the significant influences of storminess, 

atmospheric circulation, and monsoonal variation. Between 

the years 1991 and 1993, the abrupt fall and rise in wave 

power are associated with hurricane intensity and storminess 

in the basin, accompanied by the weakening and 

strengthening of the West African Monsoon. 

Figure 6 is a map displaying the spatial variation of the 

variability index of wave power. It describes the pattern of 

wave power stability in the study area. The high Monthly 

Variability Index (MVI) and Seasonal Variability Index 

(SVI) regions are located around the North Central, 

Southeast, Central, and a few patches around the Southwest 

of the study area. A larger portion of the study area (blue) 

denotes regions of the highest stability of wave power. 

For both the MVI and SVI shown in Figure 6, the wave 

power is least stable along the coast, in locations around 

Ebute Ipare, Ojumole, Obe nla, Awoye, Ijo-odo, and 

Opuama, as well as in a few regions offshore. For these 

locations, the MVI varies between 2.42 and 6.27, and the SVI 

varies between 1.2 and 1.54. The greatest stability (1.2–1.3 

for the MVI and 0.45–0.5 for the SVI) is found in waters north 

and south of Ugbonla, sporadic regions offshore, and in the 

extreme northwest of the study area. 

For the variability indexes presented in Figure 7, wave 

power is most stable in the years 2005 and 2011, with values 

of 0.9 and 0.37, respectively, for the MVI and SVI. 

For the MVI, the peak stability occurred in year 1992 with 

a value of 2.6, while for the SVI, the least stability occurred 

in the year 2012 with a value of 0.89. 

 

 
(a) 

 
(b) 

[Fig.6: Spatial Variation of Wave Power Variability 

Index in the Study Region] 

 

[Fig.7: Temporal Variation of Wave Power Variability 

Index in the Study Area] 

Figure 8 is a plot of annual and seasonal temporal trends in 

WPD for the period 1989-2023. The WPD generally showed 

increasing trends for the year and seasons. The annual trend 

is 0.011 W/m²/yr, while the trends during the dry and wet 

seasons are respectively 0.021 W/m²/yr and 0.004 W/m²/yr. 

The trend is stronger during the dry season. 

For the annual and wet season averages, the WPD is 

minimum in the year 2008, with respective values of 33.19 

W/m² and 33.55 W/m², while the largest values of 46.4 W/m², 

41.5 W/m², and 54.2 W/m² are respectively found for the 

annual, dry, and wet seasons. Peak values of WPD for both 

the annual and wet season occurred in the year 2020, while 

for the dry season, it occurred in the year 2000. 

 

 

[Fig.8: Annual and Seasonal Temporal Trends in WPD for the 

Period 1989-2023 Over the Study Area (w/m2yr-1)] 

Table IV shows a bivariate distribution of wave height (Hs) 

and wave period (Te) in the study location. It can be seen from 

the table that the most frequent sea states (bold and 

highlighted in green) concentrate between 3.5 s and 8.5 s for 

Te and values ≤ 5 m for Hs. 

Table 4: Number of Occurrences of Different Sea 

States in the Study Area 

Hs/Te 1-3.5 3.5-6 6-8.5 8.5-11 11-13.5 >=13.5 

0-2.5 0.11 11.19 2.56 0 0 0 

2.5-5 0 0 0.04 0 0 0 

 

A scatter table is frequently used to 

display the frequency of 

occurrence of sea states defined by 

a characteristic wave height (Hs) 
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and wave period (Te) [29]. The total annual wave power for 

different sea states is presented in Table V [30]. It can be seen 

that the main wave energy (bold and highlighted in green) 

[31] is also concentrated between 3.5 s and 8.5 s (Te) and for 

values ≤ 5 m (Hs) [32]. When relating these results to the 

number of occurrences (Table V) [33], it is observed that the 

most frequent sea states coincide with the most energetic sea 

states [34]. 

Table 5: Total Wave Power (in GW/m) Corresponding to 

sea States for Different Ranges of Hs and Te in the Study Area 

Hs/Te 1-3.5 3.5-6 6-8.5 8.5-11 11-13.5 >=13.5 

0-2.5 146316 5415184 463474 438 0 0 
2.5-5 0 24 1225 0 0 0 

VI. CONCLUSION 

This study explored the wind-wave energy resources over 

parts of Ondo State's coastal and offshore locations, using 34 

years of ERA5 Reanalysis data. The average wave power 

density varied from 1.01 to 4.57 kW/m, while wind power 

density ranged from 7.66 to 83.44 W/m². Areas of relatively 

high and low wave power stability were nearly evenly 

distributed across the study area. The shape parameter "k" 

indicated that the wind is most stable in August and least 

stable in October. Therefore, August is the most appropriate 

month for stable and continuous wind power production. The 

scale parameter "c" showed that wind power is most spread 

in August and least spread in November. Seasonal analysis 

indicated that wind power is more stable and more spread 

during the wet season. 

For the annual and seasonal mean wave power density, the 

wave power in the 0–5 kW/m category prevailed in the study 

area. The wind power density (WPD) values varied from 7.66 

to 83.44 W/m², which falls within Class I of the wind power 

classification rating. The wave power density (WVPD) in the 

0–5 kW/m category had the highest cumulative frequency in 

the area but fell below the 6 kW/m relative-rich energy region 

threshold. Therefore, it is advised that the study area may not 

be economically viable for bankable energy generation. 

Validation analysis revealed near-perfect agreement 

between buoy (observational) and ERA5 Reanalysis data. 

Based on the findings, it is recommended that these locations 

are not economically viable for large-scale wind-wave energy 

generation. The identified energy potentials may, at best, be 

adequate for domestic purposes. However, it should not be 

overlooked that higher bankable energy potentials may exist 

deeper offshore. 
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