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Introduction

Ocean energy recourses do have a great
potential [1].

Besides the intrinsic uncertainty of
wind [2] and oceanic [3] processes we
examine whether 2D cases exhibit similar
dependence.

Aim: to investigate the spatial
variability without the influence
of any structures.



Data source

 Data source : Copernicus Marine 
Service [4]

 Hourly resolution
 Significant wave height (Hm0) and 

Period(Tp)

 Region: Athos, Northern Greece, 
Pacific Ocean

 Dataset: Mediterranean Sea Waves 
Analysis and Forecast [4], Global 
Ocean Waves Analysis and Forecast 
[5] 

Athos region

Region of data 
acquisition : Pacific 
Ocean 



Data source – Copernicus marine service 

First set- small scale 

 Dataset ‘’Mediterranean Sea
Waves Analysis and Forecast
‘’

 16X16 pixels area of
measurements (5km X 5km
resolution)

 24hours of measurements

 Mild weather conditions

Second set- small scale

 Dataset ‘’Mediterranean
Sea Waves Analysis and
Forecast ‘’

 16X16 pixels area of
measurements (5km X
5km resolution)

 24hours of measurements
 Extreme weather

conditions – storm event

Third  set –large scale

 Dataset ‘’Global Ocean
Waves Analysis and
Forecast’’

 1120X1120 pixels area of
measurements (9km X
9km resolution)

 3 hours of measurements
 Mild weather conditions
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4.126 4.136 4.148 4.158 4.188 3.675 3.418 3.453 3.576 3.713 3.834 3.921 3.955 3.805 3.641 3.511

Extreme conditions Mild conditions 
0.856 0.883 0.905 0.922 0.941 0.96 0.981 1.001 1.009 1.011 1.017 1.038 1.073 1.113 1.156 1.195

0.852 0.876 0.893 0.906 0.921 0.941 0.962 0.983 0.993 0.995 1 1.019 1.053 1.092 1.138 1.183
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0.606 0.616 0.619 0.611 0.591 0.544 0.619 0.783 0.79 0.777 0.761 0.734 0.697 0.709 0.776 0.864

0.597 0.604 0.602 0.583 0.538 0.403 0.489 0.762 0.769 0.752 0.729 0.686 0.619 0.612 0.688 0.783



Images 

… of wave clustering

We also collected sequent close-up frames of ocean waves that show the spatial-
dependence in their motion:

Source:https://y
outu.be/g2P2ni
2yN4o

Careful selection of images with spatial information quantify how clustering alters
over area, characterizing spatial variability.

The 2D Climacogram [6] quantifies this variability through the variance of the
brightness intensity in greyscale.

https://youtu.be/g2P2ni2yN4o


Methodology

The estimation of the variability of the wave process includes:

 marginal moments (mean, standard deviation, skewness, kurtosis)

 Spatial correlation structure measured through the 2D-
climacogram (i.e., variance of the averaged process vs. spatial scale).

 periodicity of the wave processes (more information will be presented in the

next presentation ‘’ Investigation of stochastic similarities between wind and waves
and their impact on offshore structures by Sofia Efraimia Vrettou et al.)



Results - Marginal characteristics
First  set- small scale   /   ATHOS-Mild & PACIFIC-Mild
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Results - Marginal characteristics
Second  set- small scale /  ATHOS-Extreme Event
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Coefficient  of  Variability

Data wave height (m) time period (s)

min 0.82 3.67

max 1.06 4.80

min 0.12 7.61

max 0.29 9.23

min 0.04 2.99

max 11.30 20.67

mild conditions - 

ATHOS

extrene 

conditions -  

mild conditions - 

PACIFIC

mild conditions-  

ATHOS

mild conditions - 

PACIFIC

0.11

extrene 

conditions -  
cv 0.07 0.02

cv 0.17

0.28

images cv 0.16 -

cv 0.44



Results - Climacograms
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Results - Climacograms

Hurst Factor

mild - ATHOS 0.57

extreme - ATHOS 0.78

mild- PACIFIC 0.92
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Results - Climacograms

γ(k)

Scale k

From the analysis of the images taken, we formed the 2D- Climacogram of the 
average wave height:
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Average Hurst = 0.94



Conclusions

1. In all data sets used  its obvious that exist strong correlation in smaller scales 
and long – range dependence on larger ones. 

2. There are similarities  between significant height’s and time period’s marginal 
characteristics. The height’s Coefficient of Variability (Cv) is almost double 
the time period’s Cv in each case. 

3. On larger scale both images and data retrieved from the Pacific region 
maintain a high Hurst – Kolmogorov indicator, showing the existing  long-
range correlation.

4. There is no similarity to the white noise behavior. In all cases it is established 
that spatial correlation exists. 



Thank you for your attention!
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