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Abstract — This paper investigates the capacity of appropriate
Earth Observation Systems (EOS) - in situ and satdlite
measur ements, numerical models — to deliver basic variables
from which high level information relevant for Marine
Renewable Energy (M RE) resour ce assessment can be generated.
In addition, an operational solution for the production and
dissemination of such information is proposed and set up.

First, the parameters expected by end-users for accurate MRE
resource assessment are identified. It turns out that a
combination of appropriate spatial coverage and resolution,
duration of time series and accuracy has to be met for the EOS
data set to be relevant for the production of such parameters.
Consequently, long term, high resolution hindcasts of sea states
are identified as offering the best compromise over in situ and
remote sensing measur ements, which are best suited for models
calibration and validation. Based on this analysis, a 19-year sea-
state hindcast, Homere, has been selected. Homere accurately
delivers relevant basic variables at appropriate time and spatial
scales, over an area covering the south of the North Sea, the
Channel, and the Atlantic coast of France and has been used to
produce high level, end-user oriented information for the

Such information is quite a recent topic and its nature
scope follows an ongoing research and eswls’ consultation
process. The aim of this paper is to demonstrate the a
value brought by the Earth Observation Systems (EOS
referred to by the Global Earth Observation Systen
Systems (GEOSS),e. integrating data coming from remc
sensing, in situ measurement networks and large s
numerical models, for the assessment of marine reso
The first part is dedicated to presenting the basics of m
resource assessment, focusing on wave and tidal c
technologies, which experience steadiest development
highest investments. Then, the suitability of each EO
produce basic variables relevant for marine resc
assessment is investigated and discussed. Afterwards, fc
brought on the production of marine resource assess
parameters from Homere database ([7]) and on

dissemination. Finally, the capacity of Homere-like datab
against on-site measurements for appropriate assessm
MRE resource is developedithin the Discussion part, al

characterization of marine energy resource. Finaly, added value of the dissemination platform that is b
dissemination tools, respecting international standards of developed is addressed in the Prospects part.
inter operability, have been developed with a user-oriented state 140 - 130
of mind in order to deliver theinformation. 3
g 120 y
a
Keywords— Marine energy, Earth observation system, hindcast 2 100 6/
database, dissemination, open data % 80 =
B %
l.  INTRODUCTION : o (L
Marine energy is a fast developing industry and reseaif “ 1 . ., 5 *
domain if we rely on the recent evolution of the number E 20 ——r
patents or scientific publications related with Marin®

Renewable Energy (MRE) ([1Fig. 1). Several recent papers 02001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

and reports address the topic of marine energy potential Year

terms of resource, technology and development maturlﬁy. 1: Number of published articles where the terms “ocean energy” or

either in France, Europe or worldwide ([1], [2], [3], [4], [5];‘marine energy” appear in keywords, abstract or title (from [8]).

[6]). Also, many MRE-related projects are being funded at the

national or European level (EMACOP, MaRINET, OceaNET, Il. MARINE ENERGY RESOURCE ASSESSMENT

OCEANERA-NET, etc.). Resource assessment is possibly the most ct
Amongst the pool of information/guidelines considered womponent of the site selection process for the deployme

be relevant for supporting the marine energy sector, precisearine renewable energy farm. It is aimed at i) achievir

characterization of physical environmental constraints specifinderstanding of wave and tidal climate from which estirr

to the marine environment, usually reduced to the expressidrenergy production can be made, ii) providing informa

“marine resource assessment”, is one of the key elements. for engineering design and operating management. Ther



it should provide an estimate of the available energy resoudectional spectra miss the directional characteristics o
ard an assessment of the operating and survival characteristiage field (Fig. 2).

of a specific site. The potential resource for energy productionTphe wave spectra describe the relationship betweel
should be ascertained, including seasonal and inter-annifdciral density of free surface elevation’@mand the
variations, and constraints on resource harvesting shoulds@@uency (Hz). The convention is to describe the spectrt
identified. In this part, some technology-specific kepon-directional form S(f), which is expanded by a directi
parameters will be presented that are suitable for wave @fdribution D(f, 0) where f and 0 are the frequency and
tidal resource assessment, as well as for installation &fibction respectively. The directional spectrum is given b
operating conditions. E(f.8) = 5(f). D(f.8)

Key wave parameters are calculated from the |

directional spectra, using spectral moments. Thespectra
1) Technology: Amongst others, comprehensive and up t@oment is defined as:

date report on wave energy technologies and status is .
presented in [9]. Also, more details about wave extraction MMy =J‘D fr3fdf

equipment and theory can be obtained from the referencerhe wave power density per linear meter of wave ¢

A. Wave Energy

work [10]. (kW/m) is given by (deep water approximation):
Wave energy research has not yet led to a dominant wave P= L) HI.T
energy conversion technology, with new devices and concepts 64m ™0F

being proposed continually. This is partly due to the different Where p and g are the seawater density and the acceleration
characteristics of the wave resources available at variglug to gravity respectively. P corresponds to the basic qu
water depths, which will ultimately require different technicdendering the power per unit of wave crest contained ir
solutions for power capture. In addition, and depending on thiave train.

concept, wave energy devices have not reached the same sta

of de\?elopment. l\/gljgny projects are still in the concesét' Hidal Current Energy
validation phase. Amongst more than 100 existing pilot adyl Technology: Amongst others, comprehensive and uj
demonstration projects throughout the world, only a handfildte report on tidal current technologies and statL
of technologies have undergone large scale testing and @eesented in [12].

close to commercialization. . _ _Tide-related currents represent a major ocean el

The wide variety of technologies yields a lack of industrigbsource. Tidal current technologies have had more th
cohesion and limited supply chains for the variety Qfew devices introduced between 2006 and 2013. Some
components required. Also, evaluation and comparison fccessfully undergone full scale demonstration testing.
technologies and their potential for large scale developmenidsnnologies are expected to commercialize earlier than
difficult. technologies, as evidenced by the number of tidal con

2) Key wave parameters: Following extensive consultationthat have managed to generate electricity during full-
with marine energy stakeholders, [11] have identified bagl@monstration with devices in the range of 1 MW. Un
key wave parameters that should be obtained through Yve technologies, there seems to be a convergence il
marine energy resource assessment process (Table 1).CWIfent technologies towards horizontal axis designs (76
wave parameters presented in Table 1 can be computed ffeghdevices), which are similar to designs (albeit smaller)
the directional wave spectra, as measured by dedicaf@ wind turbines. 12% are vertical axis turbines and c

devices, or simulated by state of the art wave models. N&thnologies encompass reciprocating devices (2%), tida
and Archimedes screw.

TABLE 1: KEY WAVE PARAMETERS TO BE COMPUTED FOR WAVE RESOURCE ASSESSWIE ADAPTED FROM[11]

Symbol Formulation Notes
Significant wave height Hmo 415'E: Statistical measure of the largest wave heigh
|17,

Mean Wave Period Toz -IE- Measure of the mean time between wave cyc
A

—_— Period of a monochromatic wave of height H

Energy wave period Te . which contains the same mean energy as the

i irregular sea where }4 = sqrt(2)H during T
. Mz Mty Inverse of the most energetic frequency of th
Peak wave period To m; energy spectrum
M ean direction Om Mean direction of propagation of wave energ

Spectral bandwidth i (m= M _ -_|:| Characterize the spectral spread of the sea-<
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TABLE 2: KEY TIDAL PARAMETERS TO BE COMPUTED FOR TIDAL RESOURCE
ASSESSMENT
10 bol/
Symbol Notes
For mulation
8 . Average height of the high water
0 Mean h'.gh MHWS occurring at the time of spring
o~ water springs .
E 6 tides
S Mean high Average height of the high water
) MHWN - : .
water neaps occurring at the time of neap tide
4 M ean low Average height of the low water
water sorinas MLWS occurring at the time of spring
2 spring tides
Mean low Average height of the low water
MLWN - : ;
0 . water neaps occurring at the time of neap tide
0 0.1 0.2 0.3 Tidal Harmonic elements in the
Frequency (Hz) constituents of formulas for tide and tidal
_ o sea surface A.cos(wt+¢) currents. A is the amplitudey is
Fig. 2: Example of non-directional wave spectrum elevation and the pulse and ¢ is the phase of the
currents constituent.

2) Key tidal parameters: The principal goal is to assess the
power generation capability of a tidal flow. The total energy

available in the flow is given by: D. Extremes and Long Term Extrapolation

E = J‘ oA |ul?de Estimates of then-year return value of significant wave
Tot = ) height— the value which is exceeded on average once ewer
wherep is the density of the wateu,is the flow velocityAis years, typically 20-year to 100-yeaare needed for the safet)
the flow cross-sectional area anid time. control and design of ships and offshore structures suct
Tidal ranges can provide a quick overview of hot spot&arine energy converters. This information typically provid
worldwide, with greatest ranges vyielding higher resourcengineers with “metocean” conditions which induce loadings
Tidal currents can be easily predicted but are highly sensitid response of the structure capable to lead to its failure.
to local scale features such as local bathymetric constrictigrigbability of occurrence or exceedance of such conditic
or capes. This contributes to the fact that accurate tigiring the operational life of the structure should |
resources are largely unmapped. Major tidal streams hauéficiently low to correspond to an acceptable risk.
been identified along the coastlines of every continent,The low level of probability considered, combined wit
making it a global resource, albeit very localized. (mostly) short duration of the time series available, make t
The key parameters that should be obtained and repoifegse extreme conditions have generally not been encount
through the resource assessment are the mean high anddaeing the duration of observation/simulation of tF
water levels at spring and neap tide, the tidal constituents ofetocean” parameters. Therefore, extreme values are
sea surface elevation and currents (Table 2) as well as @k@apolated from standard distribution functions match

flow velocity exceedance curves. with exceptional values of time series of shorter duration. 1
result, however, can be very sensitive to the extrapolat
C. Weather Windows model and to the accuracy of the exceptional values extrau

Verifying that all aspects of a project, includingrom the time series.
deployment, service and recovery can be conducted safely is
an additional issue for MRE projects. I1l. EARTH OBSERVATION SYSTEMS FORMARINE ENERGY
The statistical characterization of weather windows for a RESOURCEAPPLICATION
particular site is used by the operation and maintenance teamiSarth Observation Systems as referred to by the Glo
to design tasks so they can be safely carried out in approprizéeth Observation System of Systems (GEGSS).
sea conditions, within a specific time frame. Also, thisitegrating data coming from remote sensing, in s
information is of primary importance when estimating themeasurements and large scale numerical models, are expe
availability of the devices which, eventually, will impact theo produce relevant information for marine ener¢
energy production and the profitability of the project. applications.
Operational criteria for the characterization of sea states are
usually based on the wave height. The information should fe Measurements

compiled in three formats: Resource measurement is a fundamental part of .
. wave height exceedance, resource assessment study for marine renewable en
. event duration occurrence,

«  eventtemporal spacing. L http://www.earthobservations.org/



development. It provides the only means of quantifying thegh resolution bathymetry and refined mesh. 3D ma
available resource with high degree of accuracy, providimgovide current velocity information for several levels of
spectral wave data, tidal components and time series of ramter columns. Considering their high requirements
data. computational capacities, they should only be use

Wave buoys are the preferred method for in sidvanced stage of development of a tidal energy projeci
measurement of wave spectra ([13]). However, they are codtlyvery site-specific simulations.
floating surface devices, and therefore are vulnerable to ) o
collision, interference and severe weather conditions. An Current Usesof EOSfor Marine Energy Applications
alternative method is the use of Acoustic Doppler Profilers Some advanced products specifically dedicated to 1
(ADPs) which can be deployed on the seabed. Benefitseslergy resource assessment and based on sea state h
using ADPs for wave measurements include subsurfdieve been published ([14], [15], [16], [17]). In particu
(seabed) positioning, capacity to measure both wave spettgye and tidal resource assessment presented in [3] a
and current velocity profiles and relatively affordable pric&re based on the processing of Homere basic variable
However, and for wave energy deployment, ADPs ageuld be considered as a reference work for prelimi
reaching their operating limits at 50 to 60 m depthgesource assessment.

Moreover, they cannot transmit data to shore unless advance#l Geographical Information System (GIS) dedicatec
mooring/transmission system is set up. Remote sensM&E is developed by the CEREMA, the CETE Normar
instrumentation includes satellite, aircraft and terrestrigientre and Ifremer. It allows efficient overview of more t
sensors. The parameters accurately retrieved from satellt€9 GIS layers of marine and coastal data related with |
(Hmo and T,) are not sufficient for accurate wave resourdé is updated with new layers on a regular basis and air
assessment and are mostly used for model calibration. La@gtablishing the most appropriate sites for the deployme
based high frequency (HF) radar is a relatively neMRE farms.

technology for wave and tidal resource assessment and has th#owever, information currently available from m
potential to combine the benefits of measured data with $@urces are not suitable for the marine energy res
geographical coverage provided by local to regionaksessment regarding accuracy, completenesst@asyes:
modelling. information and following criteria:

For tidal energy, summary statistics of current profiles are* Spatial resolution is too low (usually > 1 km) &
the basics to assess the performance of the device, in addiiloits the relevance of corresponding information to e
to peak ebb and flood currents at neap and spring tides. Tratgge of development of an MRE project.
parameters can be derived from time series essentially Basic wave variables delivered are not alw
obtained from ADP sensors. One month measuremeégpropriate (T is typically missing) or computed fro
campaign is the minimum duration to be able to distinguiglarametric spectrum rather than full directional spectrum.
the main tidal constituents from harmonic analysis and predict Sea level and wave/current interactions are typic
tidal streams in the future. Such predictions cannot accountffiot taken into account which impacts the accuracy of
flow variations related with atmospheric and other nomdodel, especially in coastal waters.
periodic effects, which are likely to be of lesser importance at* Information for extensive resource characterizatic
sites with energetic tidal flows. Turbulence parameters thiap limited (little information on weather windows, extre
affect the efficiency and survivability of the device can also values or wave scatter diagrams).
determined from the analysis of current time series, provided® Dissemination tools/formats often require some |
the sampling rate of the current meter is sufficiently high.  of computing knowledge to get access to the information.

. This kind of information can also be purchased fi
B. Modelling consulting agencies that offer end-users oriented product

Modelling sits alongside measurements as an essersmlvices. They usually use a combination of open sc
component of any wave and tidal resource assessment statydels and data sets as a basis for the production of rel
While measurements will always be necessary in order tawget-oriented and cost-efficient information. When a spe
provide calibration and validation data for models, models areasurement campaign is necessary, the prices of the ¢
able to provide wide spatial coverage and long-term dataseds reach very important amounts. Fugro Oceanor, |
that cannot be retrieved through measurementgalon Argoss, Actimar (France) and OpenOcean (France) are

Numerical simulations that could appropriately be used fof the main companies in this field.
wave resource assessment should provide basic variables over
a refined grid (< 200 m in coastal areas) and during a !V.INFORMATION PRODUCTION AND DISSEMINATION
minimum of about 20 years. Homere database ([7], [18]) is a sea state hindcast pro

For tidal resource assessment applications, hydrodynatmc Ifremer in order to fulfil the requirements for Mari
models simulating coastal flows at regional down to loc&hergy Converters design and optimizatittnis built on &
scales (10 to 50 m resolution) are appropriate. The simulatiefined grid with spatial resolution down to 200 m near
of current velocities averaged over the water column can dmast, over a domain extending from the south of the |
sufficient (2D hydrodynamic models) for resource assessm&ga down to the north of Spain. Homere provides 19
purposes provided that they are run using a combination of



long, hourly time series of all the basic variables necessaryljopatialized information: For spatialized information, or
generate accurate description of the spatial and tempaialgle numerical value of a specific quantity is assigne
variability, and statistics of MRE resource from a nationahich Homere Computational Grid Points (HCGP),

scale down to the scale of a production site. annually-averaged Hd, winter-averaged wave power dens
20-year return value of ki, etc. All these quantities can
displayed, for instance, as colour maps (Fig. 4, Fig. 5)
spatial resolution depending on the local density of the H(
Spatialized information that has been computed within
frame of this work is presented in Table 3.

Fig. 4 clearly showsHomere’s potential in terms @
accurate localization of marine energy sites with r
interesting resource. It also emphasizes the very high sei
variability at sites where the resource is most impor
Therefore, and considering the important issue of extra
power froma variable resource, it might be more reason
to target sites with lower resource, but also lower sea:
signal.

Study area

Homere

FRANCE |

°w oW *w [ e (3
Fig. 3: Geographical coverage of Homere and study area detailing Home|
Computational Grid Points (HCGP) distribution -

2,27

TSt

All the high level information produced in this work is -
based on the processing and analysis of the basic variable
delivered by Homere which is, to our knowledge, the most
advanced and appropriate source of data for proper MR
resource assessment. The objective is to deliver to marinsi-\ NS
energy stakeholders information that supports the differen T
stages of development of a marine energy project. Note thagms
characterizing the uncertainty of the information produced,
albeit highly recommended, will not be tackled in the present
article. We are relying on the fact that Homere has
experienced a full range of calibrations and validation tests
against in situ and satellite measurements (8 different’
altimetry sensors) as well as against the National Oceanic an
Atmospheric  Administration’s (NOAA) model. The L 7 s &
correlation coefficients betweenfimeasured by wave buoys R T S
at 15 different sites and,fgtaken from Homere vary betweenFig. 4: Seasonal averages of wave power density P (in kW per m of
0.89 and 0.97. When compared to altimetric data, tAg- &) winter,b)spring, c) summer, d) fall.
correlation coefficient reaches at least 0.97, and is betweerThe capacity of a wave device to extract energy fro

0.94 and 0.97 when  values are compared with NOAA’s  certain sea state is given by its power matrix (Fig. 5, m
outputs for deep and intermediate water depths. Further resgifels). Wave scatter diagrams describe the probabilit
about Homere’s validation are detailed in [18] and testify t0 occurrence of those sea states. Scatter diagrams are high
the accuracy of the variables computed. specific, especially in coastal/shallow areas, and power me
are highly device- and design-specific. Combining both,
o ) possible to give a first approximation of energy generation

A number of indicators relevant for marine energyave device at a certain site. For instance, right panels of
applications have been produced on a limited geographic agggy that the energy produced by the first technology (in
(study area, Fig. 3). This area was chosen because strong §dakw of nominal power installed) is likely to be much lo
currents and significant wave energy resource combined Wit the energy vield of the second technoldgyneans ths
important spatial gradients could be expected. Those gradieﬂ:,@,sloo\,\,er matrix of the second technology matches much
show how much appropriate spatial resolution, down & resource of the investigated area than the power ma
couple hundred meters in coastal areas, is essential {@f first technology. The information delivered is twofold.
accurate resource assessment and optimal site selection.o‘\?ﬁsedm:_,S it inform the wave device developers about the f
choice of the information produced was based on therix and corresponding design they should target for
description of the relevant parameters for marine energystem, but also does it directly assess the amount of elec
resource assessment presented in IPafwo different kinds production. Similar information can be produced u:
of information were produced: spatialized information angomere’s basic variables for tidal devices, provided the pov
point information. curve of the device is known.

A. Information Produced



TABLE 3 : SPATIALIZED INFORMATION PRODUCED

Annual Avg./Std Seasonal Avg./Std Monthly Avg./Std

H_ v v v

Te v v v

Tp v v v

P v v v

om v v v

Extreme values NA NA NA
Tidal Current Ellipses v
Power of Flow v

Techno.- .
echno.-Spec P v v

electricity production

In order to make the information as widely dissemini

2) Pq'nt mforr'n'atlon: Point information refers to HCGP'an used as possible amongst the MRE community, atte
specific quantities that are represented by a set of NUMENTER been paid to consider and use international and recot
values/graphs/tables, e.g. scatter diagrams, exceedance tag €s ‘

S N . € standards to support interoperability. The C
monthly variability, etc. Point information that has bee egspatial  Consortium  (OGC) is  developing
generated at every single HCGP of the study area is preseg eaementing a series of open standards for geospatial cc
in Table 4. Some examples of such information are presen&e@ services. Amonast those services. the Web Map St
in Fig. 5. Fig. 5a is showing the height-dependant directio é]/ : 9 ' P

Lo ) MS) is a standard for serving georeferenced map i
d_|str|but|on of the wave field. We can observe t'hat for th er the InternefTo enable the “search and discovery” of the

- ) o 'Iiformation produced, metadata has been created for
majority of the waves coming from the west. This mformathR/MS It ensures the user to have access to the most ¢

is capital when addressing the issue of farm layo . ; ;
directionally sensitive devices, anchoring design, etc. Fig.%Orrnatlon about the map/data that are being displaged

shows the probability of exceedance of a certain wave hei 9ge format, map bounding box, coordinate refer
P y g)éséem, abstract, etc.). Metadata  meeting

and participates in characterizing the access to the site, fatiﬁacommendations of the ISO 19139 international star
aging, loadings on structure, etc. The site-specific wa@

scatter diagram, used for first approximation of ener ie ve been created then deployed into an OGC CSW (C
9 ' PP gy V! ?(ijice for the Web) compliant Catalog. Using such star

by a certain wave device is presented in Fig. 5c. Fig. 5d and, - ; .

. ; . : nd interoperable approach enables information layers
5e give the same information as Fig. 5a and 5b but for the .
current. Fig. 5f1, 5f2 and 5f3 present the annual evolution fresponding metadata to be accessed by any desktop

) : S t?sed or mobile software respecting OGC standards. A
monthly wave helght,.perlod and power. Low V.a”at.)'“ty 0%) resulting information from the current work is achie
these parameters is preferred when estimating Eh?ough the webservice-energy.org GEOSS Comm

Condiions of accessiblly of & cerain sie, ofien based on [EE0Y: Ntp:/geacatalog.webservice-energy.org
y ' hanks to imbedded interactive map display functiol

significant wave height, is essential when designing operatl\?IgW and possibly query result maps, the Catalog enabl

and maintenance strategy. This information is delivered d8cess the numerical values of spatialized information us

Fig. 6. o o ~WMS “GetFeaturelnfo” operation for any HCGP. This
~ Combining the pool of both spatialized and poi§peration opens up a window where the values of the
information allows accurate characterization of the resouré@a-state parameters at the requested point are disg
Precise inter-site comparison is also permitted considering f}gm the same window, point information as defined in
geographical extent where this information is being producegrevious chapter can be accessed through a dedicated
B. Information Dissemination Strategy For instance, graphs represeptmg the monthly vangtu_)r
) ) ) ) Hmo, Te and wave power density can be accessed clickir

T_he purpose is to have high !evel information relevant fgiq corresponding link. The same operation is used to a
marine energy at end-userslisposal. In consequence, gcatter diagrams, weather windows and any other H(

appropriate strategy for disseminating previously genera@&eciﬁc information defined in Table 4.
information is necessary.
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Fig. 5: Wave technology-specific annual electricity production (in kWh/kW installed) for a submerged, bottom-referenced heaving buoy (upper p
floating, two-body heaving converter (lower panel). Technology-specific power matrices were taken from [19], and were used against each H(
(Hmo, Tp) scatter diagram to assess the electricity production over the area. Note that energy yield calculations do not take into account the techn:

constraints such as limitations in depteent depth or farm effects. This figure essentially focuses on how much the fitting between the power matri
local resource influences the energy yield.

Access to MRE resource assessment is still undawitches from being essentially driven by ocean-atmosj
development and only a limited number of information iexchanges of momentum, to being driven
currently delivered at each point. The quantity of informatidmathymetric/topographic features. In coastal areas,
will increase as the development continues. We are atsmmmon that for atmospheric variations, characteristic le
considering providing a dedicated tool to generate tailor-magtales are much longer than for bathymetric gradients. S
interactive outputs. Please contact the authors for details alradients of sea states have therefore much shorter
upcoming and planned developments. scale near the coast (typicallyfew hundred of meters) thi

offshore (typically a few kilometers to tens of kilomejers
V. DISCUSSION

As water depth decreases (typically shallower than about
100m), spatial variability of off shore sea conditions gradually

TABLE 4: POINT INFORMATION PRODUCED

Interannual Monthly
Annual Seasonal Monthly variability variability
Scatter diagrams v v
(Hmo, TdTp/Too)
Weather windows v v
Flow velocity v
exceedance curve
Waverose (Hmo, Om) v v v
Current rose v
Techno.-Spec. v v

electricity production
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Fig. 6: Characteristics of the weather windows for one specific HCGP. Upper

panel: event duration occurrence; lower panel: event temporal spacing

In the current situation, a majority of MRE projects
MRE-related prospection focus on depths shallower thar
m, and are taking place between the preliminary anc
development stages. According to Fig. 7, on-
measurements are either appropriate for evaluation o
resource during early preliminary stage (global network,
7, dark gray or from very advanced development st
onward (site-scale network, Fig. 7, grayJhe spatia
distribution of the global network is presently insufficient |
too unevenly distributed for precise, spatially resol
description of the resource in shallow waters. Morec
unless an MRE project is precisely planned close to
measurement site, site-scale measurement networks a
suitable for this exercise either, due to the site-exclt
information they are providing. In consequence, on
measurements are missing the traasitbetween the first
stages of development of an MRE project.

In contrary, hindcasts like Homere, if correctly calibre
and validated by onsite measurements, perfectly fill the
(Fig. 7, light gray). HCGP density relevantly adapts \
bathymetry in order to describe the sea state variatio
appropriate resolution. In addition, time series are sufficie
long for strong statistics and trends to be inferred fro
national, down to a site scale.

VI. CONCLUSION

We have investigated the suitability of Earth Observe
Systems as referred to by the Global Earth Observ
System of Systems (GEOSS), i.e. integrating data co



from remote sensindgn situ measurement networks and large ii) From Homere database, which has been identified a
scale numerical models, to provide relevant basic variables fioost appropriate hindcast for the collection of basic varia
marine resource assessment. First, the most appropnegchave produced a number of high level information rele
sources of data have been identified and then they have beenmarine resource assessment. Two kinds of inform
exploited to produce high level, marine energy-orientetere computed. Spatialized information can be displaye
information. Finally, the information produced has beerplormaps showing the spatial distribution of some spe
disseminated with a user-oriented and interoperability statevafiables (e.g. average significant wave height, maxir
mind. More precisely, the main outcomes of this work aflew velocity, etc.). Point information is point-specific a
threefold: consists in graphs/tables/scatter diagrams. It was compu
i) The capacities of each category of Earth Observatieach output point of Homere database.
Systems for marine energy applications, in particular theiriii) The information produced is being implemented in
relevance for marine resource assessment, have beebservice-energy catalog, and disseminated follo
identified. On-site measurements and remote sensing syst&B©OSS recommendations on interoperability. Spatia
are mostly suitable for the calibration and the validation offormation is displayed as color maps selected by the
numerical models. Sea state hindcasts that combine sufficioint information can be accessed by the user by clickir
spatial coverage, high spatial resolution (few hundred affiy grid point, and following the various information-spec
meters) and long simulation time series (several decades) offfets.
the best potential to deliver the basic variables from which
marine resource assessment can be inferred.

State of progress of an MRE project Characteristics of the EOS
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Fig. 7. Relevance of EOS time series for appropriate resource characterization depending on the state of progress of an MRE project. The propert
as well as global and site-scale measurement networks are reported@mtheeristics of the EOS’ arrows, with closer to the tip of the arrow meaning bt
characteristicFor instance, coarse spatial resolution (~10 km), 1 year time series over a global geographical extent is sufficient for very early prelin
but advanced development stage requires spatial resolution of about 100 m, and longer time series over a geographical coverage that can be be
scale but should be wider than the site-scale. This figure was realized based on the recommendations provided by the EquiMai) project ([11]

wave energy extraction and, in a GCOS-like sense, cou
VIl PROSPECTS considered as an essential variable for wave resi
A Resource Characterization assessment [20]. So far, the scripts, algorithms
The work carried out has proven that Homere’s design is  dissemination methods have been developed for a lit
suitable to characterize the marine energy resource frongemgraphic area and a rather short duration (5 years out
national down to a site scale provided that the set of variabyesirs available) compared to the total length of the
it is delivering is appropriately processed. For instance, waseries. The extension of this work to the entire geogre
power density precisely informs about available power farea and time period covered by Homere is in progress.



B. Dissemination Tool [2]

Resource assessment is intended to inform about both the
energy available to a device and the conditions under wh{c]n
the energy farm will operate. The combination of both
information is critical when deciding how and where to site[#
marine energy device, and provides essential insight for
planning, operations and construction. The information our
project is producing is targeting both aspects of the resourgg,
and the dissemination tool we are developing is intended to
provide the users with a “one-Stop shop” for collecting that
information from a national down to a site scale, in a format
that is suitable for a wide range of down the line applications,
Information about energy resource is necessary to device
developers, investors, utilities and government. Information
for wave and current loadings, on a site basis, is likely to
dimensioning parameters or at least, will impact the fina
design of a device. This information is useful for designers,
insurers and classifiers. Finally, statistics about accessibility[%
the site, for a fully operating project, helps defining thﬁo]
installation and maintenance strategy. This information is
required for designers, marine contractors, insurers and
classifiers. Further stakeholders consultation is in progreséjil]
order to precisely meet their expectations in terms of resource
characterization. Considering the wide range of potentjat)
users, a flexible, adaptive and user-oriented dissemination tool
is being designed. Focus has been brought on: [13]

1 - Interoperability: Resource mapping is one of the many
parameters that come into consideration when bringing
together multiple users of the sea to make informed aiddl
coordinated decisions about how to sustainably use maritime
area, which is referred to as Marine Spatial Planning (MSP).
Interoperability fully complies with the integrative role ofis)
MSP, which is an initiative adopted by the European Union. It
dramatically increases the capacity of the informaticH\G]
produced by the current work to be integrated into MSP or
any GIS-type tool, efficiently providing MRE stakeholders
with comprehensive description of marine energy resourédél
characteristics at all scales from site to national.

2 — Open and easy access: The dissemination tool is being
designed keeping in mind that maps, graphs and, most of all,
corresponding numerical values are intended to B8l
downloaded by the users for a more personalized proce ZB?
of the information delivered. This ensures that the information
can be reused for user-specific applications, such as modelling
early insight into the economics of a marine energy project.
This is an essential aspect that most of the disseminatit
platforms do not offer so far.
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