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the work developed during the task 5.3 of the project.

This document summarises Hothe functionalitiesas well as the more technical aspects of the code
implemented for this module.

In order to fill one of the gaps of the existing DTOcean toolset, a Site Characterisation tool has been
designed and implemented in the DTOceanPlus platio

The Site Charactésation tool receives as input the environmental data of the chosen site and
providesthe user the main characteristics ofigisite in terms of bathymetry, seabed types, marine
species, waves, tidal currents, winds and water levelacludes time seés of pertinent parameters

as well as statistics on these parameters like probability distributions, scatter diagrams or extreme
values.

The Business Logic of the code, i.e. the actual functions of the SC module, has been impleimented
Python 3. Moreoverthe code is provided with an Application Programming Interface (API),
developed in OpenAPl, in order to interact and communicate with the other modules of the
DTOceanPlus platform: A Graphical User Interface (GUI) is under devel@pomersistent with the
other modules, in Vue.js, allowing the user to interact easily with the SC tool, inputting data and
visualising results.

The Business Logic of the code has been fully verified through the implementation of unit tests,
guaranteeing eay maintainability forfuture developments of the tool.

A section of Examples completes the present document, showing the capabilities of the tool.

Finally, future work in discussed, in particular the link to the new database which will be coeaiteg
the European Resource@e project.
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API Application Programming Interface

CgE Wave energy flux

Cp Currentavailable power

Dp Wave pealdirection (Meteorological convention).
EJPD Empirical JoihProbability Distribution

ENVS Environments for fatigue analysis

EPD Empirical Probability Distribution

EXC Extreme contours (or environmentabntours)

EXT Extreme value analysis

Gamma JONSWAP peak shape parameter

GEBCO General Bathymetric Chart of the Oceans

GUI Graphical User Interface

Gustl0 10mwind gusts

HO Bathymetry (distance from bottom to MSL)

Hs Significant wave height

Ifremer YT OOEOOO & OAT € AEO itétidn delIAMERA OAEA DPT OO0 1 8 %@D|
Mag Tidal current magnitude

Mag10 10m-wind magnitude

MSL Mean sea level

OpenAPI Language that describes the API

SC Site Characterisation

SHOM Service Hydrographique édcéanigue de la Marine
Spr Wave directional spreading

STD Standard deviation of a variable

Te Wave energy period

Theta Tidal current direction (Oceanographical convention)
Thetal0 10m-wind direction (Meteorological convention)
Tp Wave peak perid

WLEV Water level, relative to the bottom (XE+HO)

XE Water surface fluctuation, relative to MSL
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the work developed during the task 5.3 of the project.

In order to fill one of the gaps of the existing DTOcean toolset, a SC tool has been dksigde
implemented in the DTOceanPlus platform.

The SC tool receives agput the environmental data (bathymetry, sea weather climate, etc.) of the
site and outputs posprocessed data to the other tools and to the user for direct visualisation.

It was originally planned to couple the DTOceanPlus toolset with TELEMMESCARE, a suite of
solvers for use in the field of fremurface flow, but due to the withdrawal of one of the partners, it
could not be done.

However, the user can import his own databas®ithe SC module and thus obtain precise results at
his site of interes

This document summarises:

1) The use cases and the functionalities of the Site Characterisation tool, grtveduser with
the physical characteristics of the siwwaves, tidal currets, winds and water levels (Section
2).

2) The actual implementation of the tool, describing the architecture of the tool, the
technologies adopted for the implementation and the results of the testing (Section

3) A set of extensive exampleto provide the reader with an overall view of the capabilities of
the tools (Sectiorb).

1.2 SUMMARY @& THE DTOCEANPLUS PROJECT

4EA 3EOA #EAOAAOAOEOAOGEIT O1T1T1 AAIT1 gwithhtheOEA DI 4
EU-funded project DTOceanPlusitps://www.dtoceanplus.eu.

DTOceanPlus will acceleratee commercialisation of the Ocean Energy sector by developing and
demonstrating an open source suite of desitpols for the selection, development, deployment and
assessment of ocean energy systems (includingsygiems, energy capture devices and gsh

At a high level, the suite of tools developed in DTOceanPlus will include:

} Structured Innovation Tool (S), for concept creation, selection, and design.
} Stage Gate Tool (SG)using metrics to measure, assess and guide technology development.
} Deployment Tools, supporting optimal device and array deployment:
A Site Characterisation (SC): to characterize the sitecluding metocean, geotechnical, and
environmental conditions.

DTOceanPlus Deliverddy Grant Agreement N&85921 Page8|48
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Machine Characterisation (MC): to characterize the prime mover;

EnergyCapture (EC): to characterize the device at an array level;

Energy Transformation (ET): to design PTO and contraitgmns;

Energy Delivery (ED): to design electrical and grid connection solutions;

Station Keeping (SK): to design moorings and foundasicolutions;

Logistics and Marine Operations (LMO): to design logistical solutions and operation plans
related to te installation, operation, maintenance, and decommissioning operations.

} Assessment Toolsto quantify key parameters:

A

System Performance rad Energy Yield (SPEY): to evaluate projects in terms of energy
performance.

System Lifetime Costs (SLC): to evalagirojects from the economic perspective.

System Reliability, Availability, Maintainability, Survivability (RAMS): to evaluate the rétiabi
aspects of a marine renewable energy project.

Environmental and Social Acceptance (ESA): to evaluate the emviemtal and social impacts

of a given wave and tidal energy projects.

These will be supported by underlying common digital models and a global database, as shown
graphically inFigurel-1.

STAGE-GATE TOOL
Development

FIGUREL-1: REPRESENTATION OBTOCEANPLUS TOOLS.

DTOceanPlus Deliverddy Grant Agreement N&85921 Page9|48



D5.2 DTOcean+
Site Characterisatiog alpha version e —~—

2." 1 #+' 2/ 5. %

The aim of the SC module is to characteran MRE site for the deployment of a technology.

To charactese an MRE site (WEC or TEC in our case), it is necessary to chagattteristatic"
parameters of the site (bathymetry, bottom sediment type, presence or not of endangered species),
but also the "temporal" parameters, including a faster evolution (waves, currents, winds and water
levels). The latter will therefore be charactwil by time series, but also by statistics making it
possible to understand or predict their evolution.

The results of the SC module will therefore serve as inputs to the other modules of the DTOceanPlus
suite and may also be used directly for the user wighes to obtain information on a given site.

DTOceanPlus Deliverddy Grant Agreement N&85921 Pagel0]|48
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TheSite CharacterisatiogSC) module will:
A Extract 1D direct values (no temporal dimension) from databases (DTOcean+ ones or user
inputs), like bathymetry, bottom sediment types endangered marine species;
A Extract 1D (punctual) or 2D (longitude/latitude) temporal data from physical databases

(DTOcean+ ones or user inputs), like waves or currents databases;
A Compute statistics on these databases.

3.1 THE USE CASES

The User can:

1) Runthe SC module before running the set of Deployment Design tools of DTOceanPlus.
2) Usethe SC module in standalone mode.

Table3-1 summarises the dependencies of SCotber modules in DTOceanPlus; note that SC is the
first module to ke run and therefore does not need any service from other modules.

TABLE3-1: DEPENDENCIES OF FROM/TO OTHER MODWES IN DTOCEANPLUS.

Modulesthat provide services that SC| Modules that are consumingservices from
consumes SC

Energy Capture (EC),
Energy Delivery (ED),
Station Keeping (SK),
Logistics & Marine Operations (LMO),
Environmentaland Social Impact (ESA),
System Performance Energy Yield (SPEY]

3.1.1USE CASE BEFORE DEPLOYMENT DESIGN TOOLS

In this casethe User will run SC module in order to set up the site characteristics andhikgmwill

run one or more Deployment Design Tools. The user will be asked to complete the inputs data that is
needed to run the module. As a result, graphs ofmsite charateristics and statistics will be exposed

to the user for verificatioms shown irFigure3-1.

DTOceanPlus Deliverddy Grant Agreement N&85921 Pagell|48
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SITE CHARACTERISATION USER \

/ Other modules of \
DTOcean+ suite
Statistics Energy Capture
P

USER

Databases

FIGURE3S-1: USE CASE FOR USINGE SITE CHARACTERATION TOOL BEFOREURINING THE
DEPLOYMENT DESIGN TOOLS.

3.1.2STANDALONE MODE

In this casdFigure3-2), the User will ruthe SC module in order to know the site characteristics. The
user will be asked to complete the inputs data that is needed to run the module.essilh, graphs of
main ste characteristics and statistics will be exposed to the user for verificattoshown irFigure
4-5.
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SITE CHARACTERISATION

m

Statistiss USER
computations

Databases

FIGURE3-2: USE CASE FOR USINGE SITE CHARACTERATION TOOL STANDALONE.

3.2THE FUNCTIONALITIES

The SC Module reabs the following tasks:

1) Database extractions:input databases are selected by the user, and the SC module reads all
the input files and extracts the requeste@riables (sectio3.2.])

2) Compute statistics based on the extractions based on the extracted variables, a list of
statistics is computed, from basic ones to multivariate extreme values analysis (s&cHdh

To be consistent wit the other tools, e level of complexity of the project and for which the
assessments can be carried out has also been accounted for. Indeed, during the implementation (see
Section4), this has been consideret three different levels of complexityA low complexity level
(CPX1), an intermediate stage (CPX2) and a full complstdtye(CPX3).

The three levels of complexity produce the same results in terms of congitgistics, but the inputs

are different:at complexity level 1, 1D (punctual) databases are proposed to the user who defines the
wanted levels of energy for waves and tidal currents; at complexity level 2, 2D (longitude/latitude)
databases are proposetb the user who defines the wanted levels exiergy for waves and tidal
currents, and finally, at complexity level 3, the user can choose his own databases.

The complete execution time of the SC module (extraction + statistics computatiappioximately
10 minutes.

For complexity levels 1 and i2the user has already created a site with the requested energy levels,
the execution time will be a few seconds.
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3.2.1DATABASES AND EXTRACTIONS

3.2.1.Direct values

Some databases are fixed in timjs meanghat they were created at a given time and they do not
include a temporal dimension. The values retrieved from these databases are called "direct values"
(for example, the bathymetry or the bottom superficialdiment typology).

These databases and how their variables are extracted are presented below.

Databases
This section presents the direct values databases used in the SC module.

1/GEBCO_20109:

GEBCO'sim is to provide the most authoritativeublicly availabldathymetry of the world's oceans
It operates under the joint auspices of the International Hghaphic Organization (IHO) and the
Intergovernmental Oceanographic Commission (IOC) (of UNESCO).

The GEBCO_2019 GHGEBCQOQ]Jis the latest global bathymeic product released by the General
Bathymetric Chart of the Oceans (GEBCO) and has been developaualgtn the Nippon Foundation
GEBCO Seabed 2030 Project. This is a collaborative project between the Nippon Foundation of Japan
and GEBCO. The Seabed 203WjPct aims to bring together all available bathymetric data to
produce the definitive map of the watlocean floor and make it available to all.

The Nippon Foundation of Japan is a Aarofit philanthropic organisation active around the world.
GEBCO is aimternational group of mapping experts developing a range of bathymetric data sets and
data products,operating under the joint auspices of the International Hydrographic Organization
(IHO) and UNESCO's Intergovernmental Oceanographic Commission (IOC).

The GEBCO_2019 product provides global coverggigure 3-3), spanning 89° 5%2.5"N, 179° 59'
52.5"W to 89° 59' 52.5"S, 179° 59' 52.5"E on a 18eaamnd grid. It consists of 86400 rows x 43200
columns, giving 3,732,480,000 data points. The datlues are pixetenter registered i.e. they refer
to elevations at the center ajrid cells.

DTOceanPlus Deliverddy Grant Agreement N&85921 Pagel4|48
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FIGURE3-3: GEBCO_2019VERVIEW

The variable extracted from this databaseH§, the depth of the water, i.e. the height of water
between the bottom and the local mean sea level. The unit associated with the variabliedasn MSL
(meters from the mean sea level).

Note that for reasons of disk space, the bathymetry present in thenf®@ule has been degraded
(only one mesh out of 20 has been retained).

2/World Sediment Map (SHOM):

The map of the worldGarlan et al, 2018]s initially based on a map of the oceans entitled
Sedimentological Map of the World published by UNESCO, digitibby SHOM in 1995. This fairly
coarse map is intended to provide basic information on the nature of all seabed. In the second step,
this map was proggssively improved by integrating more precise maps, produced by SHOM or
digitized from published documads. This version of the world map is the third published version. It
includes the cards listed at the end of the manual. These maps are integratettiéweorld map when

their quality and the interest of their content motivated their integration and vatidn in the SHOM
Sedimentological Database (BDSS), and when their scale is less than or equal to 1: 5BQ0G0

34).
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FIGURE3-4: WORLD SEDIMENT MARSOURCE: SHOM).

The variabé extracted from this database tke type of sedimen{rocks,pebbles sands,..). There is
no unitassogated with this variable.

From this database, the macroscopic roughness lengfhs also computed. To do this, we use
Nikuradse's formula which says that the gross roughness is equal to 2.5 times the average diameter
(D50) of the sedimentzQis given irmeters.

Table 3-2 gives the correspondence between the type of bottom sediment and the macroscopic
roughness length.

TABLE3-2: BOTTOM SEDIMENT TRES AND ROUGHNESS N&TH.

Sediment type \ D50 jmm] Z0[m]

Rocks 100 0.250

Peebles 50 0.125

Gravels 10 0.025
Sands 1 0.0025
Fine sands 0.1 0.00025
Mud 0.02 0.00005

No data 0 0
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3/Endangeredspecies:

A local database of maps tH#rge-scaleprobability of presence for each species is grited to Site
Characterisation module.

This database including the global geographical information of all species has been built from
AquaMapgKaschner et al., 2016] .his collaborative project aims at@iucing computergenerated

(and ultimately, expetrreviewed) predicted global distribution maps for marine species on a 0.5 x 0.5
degree grid of the oceans.

Models are constructed from estimates of the environmental tolerance of a given species witltrespe

to depth, salinity, temperature, primary produvity, and its association with sea ice or coastal areas.
Maps represent mean annual distributions of species and do not account for changes in species
occurrence due to migration or unusual environmergaénts such as El Nifio. They are based on data
available through online species databases suclrighBas@&nd SealifeBasand species occurrence
records from OBIS or GBIF and using an environmental envelope model in conjunction with expert
input.

Moreinf Of AOET 1T EO AOAEI AAlnkenfalandSdclalr&dp@rcdTodapisad 8 Y O %l
OAOOEI T 68

The variable extracted from this database is thibability of presence of 26 endangered species
listed in international and European conventions. Tt associated with the variable %.

Extraction

The databases we just mentioned are in netCDF formiattCDF (Network Common Data Form) is a

set of software libraries and machiriedependent data formats that support the creation, access and
sharing ofarray-oriented scientific data. It is also a conumity standard for sharing scientific data.

The Unidata Program Center supports and maintains netCDF programming interfaces for C, C++, Java
and Fortran. NetCDF format is selfscribing, portable, scalableappendable, sharable and
archivable.

These netC® A£EI1 AO AOA OO1 OAA ET A £ 1AAO T £ OEA 3# |
through a Python dictionary.
Data extraction scripts refer to this dictionary according to the user's choices to reafiléabeand

extract the necessary variables. Thigraction is carried out at the points of the site of interest thanks
to the gecreferencing (longitudes and latitudes in WGS84) of the databases.

For certain variables such as HO (bathymetry), a spatieipolation is also carried out in order to take
into account the points in the vicinity by achieving an average weighted by the distance to the point
of interest.
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3.2.1.ZTime series

Some databases are timdependent, thatmeansthat they include a temporal dimension with
several time steps. The values retrégl/from these databases are called "time serigef example,

the significant wave height or the tidal current magnitude

Forcomplexity levels 1 and 2, the time series are all extracted from the HOMERE database. Indeed,
this database which currently cevs the coasts of metropolitan France will soon be extended to
Europe, from the North of Scotland to the South of Portugal, astf the ResourceCode project
(http://www.emec.org.uk/projects/oceamenergy-projects/tootdevelopment/resourcecode

project/).

This database anddw its variables are extracted are presented below.

Databases

HOMEREdatabase was performed by Ifremer using the numerical evamodel WaveWatchlll®
(WW3 version 4.09 [Boudiére et al., 2018]W3is a thirdgeneration spectral wave model based on
the conservation equation for the density of wave action.

The propagation scheme used in this configuration is an explicit propagébionnstructured grid
[Roland, 2008; Roland, 2009]. The use of unstired meshes permits to adapt the grid resolution at
different scales in the same computational domain, from the coastal zone (refined mesh of-~ 100
200m) to offshore (mesh 4£0km).

The time step is aboul hour It extends from 43.29°N to 52.90°N anaiin 8.54°W to 4.72°E and
covers a periofrom 1994 to 2016

The setup used in this configuration for the generation and dissipation of waves [Ardhuin 2009;
Ardhuin, 2010] is the one thatas developed during the research projdOMWAGA(Integrated Ocean
Waves for Geophysical Applications) and tested in preparation mode in the context of operational
demonstrator Previmer [Lecornu, 2008]. The evolution and nonlinear wave interactions adtellex

by theDIAmethod (Discrete Interaction Appximation) [Hasselmann, 1985].

The simulated seatate conditions were performed on a highsolution bathymetry stretching from
southern North Sea to the northern coast of Spain, covering the entireinental shelf of the Bay of
Biscay. The bathymetrywas obtained using data from tf@HOM(Hydrographic and Oceanographic
Service of the Navy) for the coastline and measurement campaigns conductd&RyMERand
SHOMfor the entire field:100m and 500nDTM[Loubrieu, 2008].

The wind fields used to force he model are fromCFSRreanalysis (Climate Forecast System
Reanalysis, [Saha, 2010]) conducted in 2010 by NizEP (National Centes for Environmental
Prediction). These wind fields were-amalysed over the period 1972009. Their spatial resolution
varies from 0.25° at the equator up to 0.5° higher latitudes.

Currents, water levels and storm surge®re calculated using the hydrodynamic coARS2D
(Model for Applications at Regional Scale)ARS20s a nodel developed byFREMER.azure, 2008]
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and basedon shallow water equations. It consists of seven nested models whose resolution differs
according to rank (ranks 0, 1 and 2).

Data from MétéeFrance were used as meteorological forcing for the m&dARSD. Ranks 0 and 1

are forced using data from meteological model/ARPEGHD.5°[Broker, 1991; Broker 1994] with a 6

ET 0008 OEIi A OOAP8 -1 AAIT O T &£# OATE Wwh xEOE EECE
meteorological modeAROMED.025°[Seity, 2011] witta Xhour time step.

To make easier the procesgjrof ocean current data and water levels used as inputs by the wave
model, an atlas of harmonic componentgas computed. A replay of tide data was performed over
one year (2008) and an analysis of harmarimponents of the tide for each of the seven maito.

Tides and tidal currents can thus be evaluated for each year over the entire field. Tidal harmonics and
water levels are updated every 30 minutes and are interpolated onto the wave model mesh.

A lamge set of in situ data from various sources, idahg ocean surveys is at disposal for validation
purpose.

Comparison was made with data from the Cetn@ANDHISuoys network and Météd-rance buoys
along the French coast.

From this database, several vables are extracted:

A Waves significant wave hight (Hs), wave peak period (Tp), wave peak direction (Dp), wave
energy period (Im1 or Te), wave energy flux (CgE);

A Tidal currents zonal component of tidal current (Ucur) and meridional component of tidal
current (Vcur);

A Winds zonal component ofvind speed (Uwnd) and meridional component of wind speed
(Vwnd);

A Water levelswater level fluctuations (Wlev).

For complexity level 1, variables are extracted in 1D, just at the location of interest. For complexit

level 2, variables are extracted in 2be closest points of the database which are in the area of
interest (i.e. the lease area of the project) are extracted.

From the time series database described above, sites representing different levels of éoeng@ves
and currents have been definetlis procedure is described in the following section.

Levels of energy

For the first 2 levels of complexity, the user chooses his site according to the energy levels of the waves
and currents he wishes. He can dse 3 energy levels (Low, Medium and Hifgr)waves and the

same for currents. There are therefore 9 (3x3) sites representative of the energy levels that are
available for the first 2 levels of complexity.

DTOceanPlus Deliverddy Grant Agreement N&85921 Pagel9|48




D5.2 DTOcean+

Site Characterisatiog alpha version

Figure3-5shows the 9ites (HOMERE database) that were selected.
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FIGURE3-5: REPRESENTATIVE POINTFOR THE 2 FIRST YELS OF COMPLEXITY.

At complexity level 1, the extractions are carried out atolnt on the site (the centeof the lease
area).

At complexity level 2, the extractions are performed at several points in the 2D database which are
located in the lease are&igure3-6 shows the points of the HOMERE database (black circles) around
a point ofinterest and also the lease area and the corridor related to this site.

Indeed, for the first 2 levels of complexithe lease areas and the corridors are automatically defined.
For complexity level 3, the user will enter their lease area and theidoorin the form of a shapefile

file (ESRI).

For the last level of complexitjefrel3), the user will be able to uplo#ttkir own databases (anywhere

in the world), in one or two dimensions (see sectBB.1.3. Note that the 2dimensional databases
offer more detailsto the calculations performed by the other modules of the DTOcean+ suite,
especially in terms of device placement.
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FIGURE3-6: EXAMPLE OF SITE FOROMPLEXITY LEVER.

Extraction
The databases that we memtned previously consist of monthly or annual files in netCDF format.

The SC module will therefore extract these files, whatever their number, by referring to a template
defined in a Python dictionary (easily asséble for any code evolution).

In the casef 2D databases, a mesh regrid is performed in order to obtain a regular grid on the right
of way of the lease area. The mesh size obtained at the end of this regrid is optimized so as not to
degrade the input d&a.

Timeseries list
Table3-3presents the list of timeseries that are extracted from the 2D databases.
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TABLE3-3: LIST OF TIMESERIESXTRACTED FROM 2DATABASES.

\WEVES

hs(significant wave height) m

tp (wave peak period) s

dp (wave peak direction, coming from) o

te (wave energy period) s
CgE (wave energy flux) kW/m

gamma (JONSWAP peak shape parameter)

spr (wave directional spreading)

Wind

mag (current velocity) m/s
theta (current direction, going to) °

U (current zonal velocity) m/s
V (current meridional velocity) m/s
Cp (current available power) W/m2

WWECETAEVES

XE (water surface fluctuation, relative to MSL)

mag10 (10rrwind velocity) m/s
thetalO (10mwind direction, coming from) o

U10(10mwind zonal velocity) m/s
V10 (10mwind meridional velocity) m/s
gust10 (10rwind gusts) m/s

WLEV (water level, relative to bottom => XE + bathymetry)

3.2.1.3Jser databases

For complexity level 3he user can entetheir own files. If he does not have all the necessary input
files for the SC module, he will also be able to use the DTOceanPlus databases of the previous 2 levels

of complexity.

In order to use his own data, theser must respect certain formats whiae described below.

Direct values formats

Direct values databases must be in NetCDF forméip6://www.unidata.ucar.edu/software/netcdy/

Files are atructured matrix whose dimensions arenlgitude and latitude Examples can be found in

the Databasedolder of the module.

Possible names for the longitude variable are: 'longitude’, 'lonf, . O
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Possible names for the latitude variable atatitude', 'lat', 'y'or'Y".

Possible names fothe bathymetry variable are: 'HO', 'Band1l’, 'elevation’, 'Bathymetry', 'DERTH'
'depth'. Convention is positive values in the ocean, referenced to the mean sea level.

Possible names for the seabed typeiable are: 'seabed_typer 'sediment_type!
Paossible name for the roughness length varialgt€roughness_length'

User inputs in terms ofrelangered specieare possible via the ESA tool graphical user interface.

Timeseries formats
Temporal databases must be either inNetCDF format or in CSV format
(https://en.wikipedia.org/wiki/Commsaseparated_values)

For the NetCDF format, the file must contain all variables and dimensions of the variablemare
longitude, latitude.

&1 0 OEA #36h OEA AAlI E1 EOADI ECEAEIRARMEMAAAOADOOO A
&1 O X$ OEiIi AGAOEAOR T AAAAA OAOEAATI AO AOA OEA A1
'hs' (significant wave Hght), 'tOm1' (wave energy period), 'spr' (wave directional spreading), 'fp' (wave

peak frequency), 'dplwave peak direction), ‘cge’ (wave energy flux), ‘wiv' (water level fluctuation),

‘ucur' (zonal component of tidal current), 'vcur' (meridional compoingf tidal current), ‘'uwnd' (zonal
component of 10rwind), 'vwnd' (meridional component of 1Gmind).

Figure3-7shows an example of CSV file that can be used in the SC modulen@geties).

A B C D E E G H | J K L

1 times hs tOm1 spr fp dp cge wlv ucur veur uwnd vwnd
2 | 01/01/2019 09:00 5.1 9.7 20.5 0.12 276.2 567.2 0.36 0.68 0.27 10.4 9.3
3 | 01/01/2019 10:00 5.2 9.2 215 0.1 2713 522.2 0.46 0.58 0.47 8.4 11.3

FIGURE3-7: EXAMPLE OF CSV HLFOR 1D TIMESERIES.

For 2D timeseries, needed variables #re following (if a variable isfOOET Ch Z£EI 1 OEA AT |

'hs' (significant wave height), 'fp' (wave peak frequency), 'dp' (wave peak direction), 'wiv' (water level
fluctuation), 'ucur' (zonal component of tidal current), 'veur' (meridionahponent of tidal current).

Figure 3-8 shows an example of CSV file that can be used in the SC modulenf2Beties) which
indicates that all the points (couple of longitude/latitude) must be dfied at each time
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A B G D E F G H |
1 |times lon lat hs fp dp wlv ucur veur
2 | 01/01/2019 09:00 4.85 49.12 5.1 0.12 276.2 0.36 0.68 0.27
3 | 01/01/2019 09:00 4.87 49.14 5.2 0.1 271.3 0.46 0.58 0.47
4 (..
5 | 01/01/2019 10:00 4.85 49.12 5.0 0.11 274.1 0.39 0.63 0.23
6 | 01/01/2019 10:00 4.87 49.14 5.2 0.09 271.4 0.45 0.55 0.49

FIGURE3-8: EXAMPLE OF CSV FELFOR 2D TIMESERIES.
3.2.2 STATISTICS

3.2.2.1Statistics definitions

Basic statistics

Basic statistics are computed for every variable extracted from the databases presentdu
previous sectionBast statisticsincludemean, min, max, mediaandstd values where:

U Themeanis the average value of the timeserié®. the sum of individial values over time
divided by the number of individual values.

U The min and max are respectively the lowest and thkighest individual values of the
timeseries.

i Themedianis a simple measure of central tendency. To find the median, the individual values
are arrangedn order from smallest to largest value. If there is an odd number of observations,
the median is the riddle value. If there is an even number of observations, the median is the
average of the two middle values.

U The standard deviatiostd isa numerical value used to indicate how widely individuals in a
group vary. If individual values vary greatly from t®up mean, the standard deviation is
big; and vice versa.

Figure3-9is provided to the user in order to have an overview of the basic statistics on a site.

Variable Min Mean Max Std
Waves 0.17 1.37 9.4 0.83
Hs [m]

Currents 0.04 1.71 3.96 0.96
Mag [m/s]

Winds 0.1 7.47 27.29 3.63
Magl0 [m/s]

Water levels 52.97 56.39 59.81 1.66
WLEV [m from MSL]

FIGURE3-9: OVERVIEWOF BASIC STATISTIG3N A GIVEN SITE.

EPD

EPD (EmpiricaProbability Distribution) represents the distribution of the variable, directly extracted
from the database. It shows the percentage of occurrence of the variable inside a range of bins.

In SC modulgthis statistic is also available broken down by months.
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Figure3-10shows an example of an EPD statistic on Hs (significant wave height).
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FIGURE3-10: EMPIRICALPROBABILITY DISTBUTION OF HS AT AIGEN SITE.

EJPD

EJPD (Empirical JdiProbability Distributionyepresents the distribution of two variables, considered
together. It shows the percentage of occurrence inside bins.

In SC module, this statistic is alavailable broke down by months.

Figure 3-11shows an example, provided to the user, of an EJPD statistic on Hs (significant wave
height) and Tp (wave peak period).
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FIGURE3-11: EMPIRICAL JOINT PRBABILITY DISTRIBUTIN OF HS AT A GIVENIBE.

ENVS

This statistic computes the wave environments Hs/Dp in order to calculate the fatigue analysis in the
module StationKeeping of the DTOcean+ suitk.uses the statistic EJPD jointly cut Hs and Tp by

bins and then classifies the results from the most probable environment to the less probablé one.
alsoassociates to each of these environments the mean wave peakgérp), the maximum current

speed and its associated current direction, the maximum wapeed and its associated wind

direction.- 1 OA ET &£ O AGET 1T EO AOAEI AAT A ET O$a8¥w 30AO0E

EXT

EXT(EXTreme)statistic is based on an Extreme values gsa. It uses probabilistic laws to predict
extreme events (also called extreme valuesreturn values) for a particular phenomenon, over large
return periods that usually exceed the duration of the measured or modelled data.

There are two definitions odn extreme event, given by the two theorems of the extreme value
theory.

E 4 E A -Tigpgtodédenko theorem (known as the first theorem of the extreme value theory)
states that the distribution of block maxima can be accurately described by a Gemerdizreme
Values distribution (GEV).
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E 4 EA oBalleimddé Aaan theorem (known a$he second theorem of the extreme value
theory) states that the distribution of peaks over a threshold (POT) can be accurately described by a
Generalized Pareto distriliion (GPD).

In the SC module, GEV is used to compute the extreme values of tidal cuienedtthe GPD is used to
computethe extreme values of waves and winds.

Figure 3-12is provided to the user in order to have an overview of the extreme values for each
parameter on a site.

FIGURE3-12 OVERVIEW OF EXTREMCONDITIONS AT A GEN SITE.

EXC

EXC (Extrem€ontours) ishe statisticseextremecontours, also known as environmental contour, this
statistic represents a rational procedure for defining an extreme sea statitondTheobjectiveis

to define contours in the environmental parameter space alongolwtextreme responses with given
return period should lie (Winterstein et al., 1993) (DRR-C205, 3.7.2).

The extreme contours represent extreme conditions for the gqming variable (in SC module, the
significant wave height) and the expected associatedlie of a second variable (in SC module, the
wave peak period)ln SC module, extreme contours are computed following the IFORM approach
(Figure3-13.

FIGURE3-13 EXTREME CONTOURS OFf5 AND TP AT A GIVENITE.
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