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D6.3 e-Infrastructure use cases and guidelines
1 Introduction
The objective of WP6 in the MARINET2 project is to design and implement the MaRINET 2
e-infrastructure. Within WP6, two key issues are addressed: “Data preservation” and “Data
sharing within a VRE” (Virtual Research Environment) leading to these objectives:
●

Data preservation: a common policy compliant with international standards (RDA –
Research Data Alliance) and European standards for Marine data (SeaDataNet)

●

Data access and service : a Virtual Research Environment (VRE) workplace based on
common national and European e-infrastructures (such as SeaDataCloud)

The MaRINET 2 e-infrastructure supports the objectives via the following actions:
●

Collection and storage of MaRINET 2 experiment descriptions and results to secure
their interoperability and long-term preservation

●

Discovery, visualization and downloading of MaRINET2 experiment descriptions and
results/datasets (previous and ongoing) to support R&D and inform device design

●

Provide secure and controlled access to datasets and virtual tools for joint research
activities

This document outlines a series of use cases, which illustrate how the MARINET2
e-Infrastructure can be used to secure long-term data preservation and easy data discovery,
access and use.
The report builds upon the previous deliverables “D6.1Data Management Plan”, “D6.2
Design specification for MaRINET 2 interfaces and tools”, and “D6.4 MaRINET2
e-Infrastructure pilot”, which define the different components of the MaRINET2
e-Infrastructure.
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2 MaRINET2 data preservation policy and best
practises
In D6.4, the MARINET2 data preservation policy was outlined together with best practises for
data preservation in the project:

2.1 MaRINET2 data preservation policy
A common policy compliant with international standards (RDA – Research Data Alliance) and
European standards for Marine data (SeaDataNet):
●

Preserve, identify, access, cite datasets, projects and scientists. The use of
DOI (Data Object Identifier) is strongly recommended

●

Unambiguous persistent identifier with a commitment for long-term
preservation

●

Efficient for data citation, bibliographic surveys, credits to scientists (ORCID),
credit to MaRINET project (OpenAIRE)

●

Simple: data downloaded in one click

2.2 MaRINET2 best practice for data preservation
●

One persistent DOI per MaRINET2 test site

●

One persistent DOI per dataset to be preserved, with OpenAIRE metadata

●

Cross references between test sites – datasets – scientists – projects –
publications

2.3 Marine in-situ environmental data
A small proportion of MaRINET2 data are ocean in situ observation data. This specific subset
may be published (after initial storage in the Marinet2 environment) for re-use in
SeaDataNet data centres, dedicated to ocean in situ data preservation. It is recommended
to follow this path for this type of data.
One MaRINET2 – SeaDataNet node may be created to publish MaRINET2 specifically ocean
in situ datasets on the SeaDataNet infrastructure. This can be facilitated by MARIS and
IFREMER who are deeply involved in SeaDataNet.
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SeaDataNet (represented by Marinet2 partners MARIS, IFREMER)) will provide support to
manage and standardise marine validated/historical in-situ environmental data as stored by
the partners in an early stage. Important standards available that will need to be applied:
●
●
●

Common Data Index metadata format (ISO19115/19139 compliant) to describe the
observation datasets
List of vocabularies for physical, chemical and other parameters (sea water
temperature, salinity, oxygen… )
NetCDF data and metadata format, ASCII format (ODV – Ocean Data View)

References: https://www.seadatanet.org/Standards
By using these standards early in the workflow, the re-use of the data will be much easier.

2.4 OntoStack – micro services for building and serving FAIR and
machine-actionable controlled terminologies
In 2017, through the international collaboration with domain experts, several wind energy
related taxonomies (e.g., research topics, external conditions, etc.) were developed to
enable better description of published datasets. These taxonomies have been initially
implemented in 2018 in DTU Data (university instance of figshare), and later in sharewind
(instance of b2share). As part of the Marinet2 project we have proposed m
 etadata schemas,
by generalizing seadatanet standard, for data streams (i.e., recorded parameters) and
datasets (collection of data streams) for preparing datasets in NetCDF format for publishing
and preservation.
To establish a controlled vocabulary of parameters, and thus assure the same naming
convention across datasets, we have reused existing vocabularies from Earth Ocean domain
(e.g., CF standard name convention, BODC). However, for engineering parameters there are
no standardized names, or FAIR and machine-actionable controlled terminologies. To
address this issue DTU has assessed, tested and launched a set of microservices named
OntoStack for:
●

Building and maintaining controlled terminologies accessible at
https://data.windenergy.dtu.dk/ontologies/edit/

●

Serving terminologies to humans accessible at
https://data.windenergy.dtu.dk/ontologies/view/

●

Serving terminologies to machines through content negotiation using
https://data.windenergy.dtu.dk/ontologies/view/
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OntoStack is based on open sources solutions such: as Jena Fuseki (graph database),
VocBench (ontology development environment) and SKOSMOS (front-end for graph
database), which are interfaced and spin as a set of orchestrated docker containers.
Currently, DTU serves three controlled terminologies which are:
●

Wind Energy Taxonomy of Topics:
https://data.windenergy.dtu.dk/ontologies/view/wtax/

●

Wind Energy Parameters:
https://data.windenergy.dtu.dk/ontologies/view/wep/

●

IEA Wind Task 32 Glossary of Terms:
https://data.windenergy.dtu.dk/ontologies/view/IEATask32Glossary/

Specifically, controlled terminology of Wind Energy Parameters is not yet completed,
however, it already contains 100 wind energy parameters related to wind turbine blades.
An important remark is that this controlled terminology was made by investigating and
interconnecting several well-known standards (e.g., IEC and DNV GL). Therefore, it is not ’yet
another standard’, but represents a connection of standards.
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3 Data and metadata use cases
A series of X
 X data and metadata use cases have been developed as part of MaRINET2 WP6
in order to demonstrate the use of the MARINET2 e-Infrastructure and its components in
practise. These use cases are described in the following and they may serve as examples for
the implementation of other data sets in the remaining part of the project.
Our ambition is to preserve all data sets generated through the project’s Round Robin
experiments according to the MARINET2 data preservation policy. In addition, we will
preserve as many data sets originating from TNA experiments as possible. The data
preservation activities rely heavily on contributions from partners external to WP6 and, for
the TNA experiments, also partners external to MARINET2.

3.1 MaRINET2 Tidal Round-Robin dataset
In order to showcase the best practise, we present here a use case, which covers all three
aspects outlined above. It is centred around one of the first Round Robin experiments in
MARINET2; the tidal Round Robin test carried out at Boulogne-Sur-Mer in 2018.
A Round Robin test is an inter-laboratory test (identical measurement, analysis, or
experiment) performed independently several times. These experiments deliver data of all
types. Within MaRINET WP2, in relation with WP6, standardization and publication of Round
Robin tests are addressed.

3.1.1 Site catalogue: Boulogne-sur-Mer
As a use case, the Boulogne-Sur-Mer MaRINET2 site test is described in a publication with a
specific “site” DOI (Figure 1). This publication DOI is the persistent identifier of
Boulogne-sur-Mer test site:
Gaurier Benoit, Germain Gregory, Facq Jean-Valery, Bacchetti Thomas (2018). W
 ave and current
flume tank of IFREMER at Boulogne-sur-mer. Description of the facility and its equipment.
19CSMBL18. https://doi.org/10.13155/58163
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Figure 1. Boulogne-sur-Mer MaRINET site DOI landing page
(see also https://doi.org/10.13155/58163)
All MaRINET2 datasets related to Boulogne-sur-Mer test site are listed in the “Related
datasets” section by way of each individual dataset DOI.
The attribution of dataset DOIs is documented in the following.

3.1.2 Data preservation: Round Robin dataset involving Boulogne-sur-Mer site
SEANOE (seanoe.org) is an European data publisher, hosted by Ifremer, used by individual
scientists, institutions or infrastructures, such as ODATIS, the French ocean observation data
infrastructure (https://www.odatis-ocean.fr/en/) or the European EMODnet Ingestion
infrastructure (https://www.emodnet-ingestion.eu/)
The MaRINET2 datasets should be published on SEANOE or equivalent data publishers able
to ensure a long term preservation of datasets and provide a specific DOI for each dataset
with proper links with MaRINET2 sites DOIs and program (OpenAIRE metadata).
As a use case, the following dataset was published on SEANOE and assigned the DOI
10.17882/58265 (Figure 2):
Gaurier Benoit, Ordonez-Sanchez Stéphanie, Germain Gregory, Facq Jean-Valery, Johnstone
Cameron, Salvatore Francesco, Santic Ivan (2018). M
 aRINET2 Tidal "Round Robin" dataset:
comparisons between towing and circulating tanks test results for a tidal energy converter
submitted to wave and current interactions. SEANOE. https://doi.org/10.17882/58265
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Figure 2. Round Robin tidal dataset involving Boulogne-sur-Mer, University of Strathclyde
and CNR-INM sites (see also https://doi.org/10.13155/58163)
With a proper publication on SEANOE, a series of cross-reference links is activated:
●

Link “MaRINET2” toward the project home page
http://www.marinet2.eu/

●

Link “DATA” : the one click download of the dataset, or request form when embargo
applies

●

Link to each authors curriculum (ORCID)
Example : G
 aurier Benoit

link to h
 ttps://orcid.org/0000-0001-9860-6470

●

Link to the dataset licence

●

Example : CC BY-NC h
 ttps://creativecommons.org/licenses/by-nc/4.0/
“How to cite” statement

●

●

●

Link to dataset metadata in various standards
TXT (text), RIS (Research Information Systems), XLS (Excel spreadsheet), RTF (Rich
Text Format), BIBTEX (bibliographic text format)
Link to OpenAIRE EXPLORE MaRINET2 registration
https://explore.openaire.eu/search/project?projectId=corda__h2020::c1957405f8d8b
f48e1ac0f8326209d8b
Link to OpenAIRE EXPLORE Round Robin dataset metadata
https://explore.openaire.eu/search/dataset?datasetId=r341eb926ae9::a4b8a4299ca1
ba870cae99743dab827f
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●

Link to Boulogne-sur-Mer Marinet2 test site presentation
https://doi.org/10.13155/58163

●

Link to related Round Robin datasets from the former Marinet project
https://doi.org/10.17882/57450

3.1.3 MaRINET2 dataset catalogue
As a use case, a simple, robust and sustainable MaRINET2 dataset catalogue was
implemented (Figure 3) based on:
●
●
●
●
●
●

One persistent DOI per MaRINET2 test site
One persistent DOI per dataset to be preserved
One Marinet2 catalogue referencing these
Use of ORCID to credit individual scientists and organizations
Link DATA DOIs with publications (having a publication DOI)
Each dataset described with standardised metadata

It is important to facilitate in this way the cross references between test sites – datasets –
scientists – organization – publications.
Such a catalogue organization based on cross referenced DOIs is a strong implementation
of FAIR data principle:

●

Findable
Project, site and datasets DOI metadata harvested and registered by the major
search engines (Google, Qwant) or science discovery services (OpenAIRE, ORCID)
Accessible

●

A one click download from dataset DOIs
Interoperable

●

●

Dataset DOIs with rich metadata
Reusable
Machine readable dataset DOI licence

Page 12 of 4
 0

Marinet2 – D6.3 e-Infrastructure use cases and guidelines

Figure 3. An automated data catalogue built on FAIR cross-referenced DOIs (Data Object
Identifiers)

3.2 MaRINET2 Offshore wind Round Robin dataset
3.2.1 Experiment description
A round-robin experiment of floating offshore wind turbine testing was conducted in
December 2019 and connected technology from DTU, CENER, and IFREMER in a highly
collaborative fashion. The scaled testing facilities at IFREMER in France offered a unique
environment to replicate and measure both wind and wave effects on the DTU scaled 10
MW offshore wind turbine mounted atop CENER’s semi-submersible floating foundation.
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Figure 4. Scaled wind-wave testing of the offshore floating wind turbine in MaRINET2 Round
Robin experiment

Two weeks of testing was carried out which resulted in a rich dataset of the hydrodynamic
and aerodynamic responses of the wind turbine and floating structure. This is being used to
validate engineering models for specific wind and wave cases and locations at sea which are
designated for floating wind development. The test campaign also provided the opportunity
to measure important features including mooring loads and motion of the structure in 6
degrees of freedom. During this experiment, DTU was able to successfully demonstrate and
test its wind turbine controller specifically designed for floating applications which utilizes
aerodynamic damping control to counteract the motion of the floating structure.

3.2.2 Dataset description and publication
Data collected during the round-robin experiment is comprised of the following:
1.

Wave gauge measurements

2.

Wind sonic measurements
Page 14 of 4
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3.

Stereoscopic optical position tracking data

4.

Wind turbine operational data

5.

Photos and videos (above and below water)

6.

Experiment test logs

7.

Analysis and data management software

Acquisition of the different data sources was collected by multiple measurement computers
during the experiment. To facilitate the creation of a single time-synchronized measurement
dataset, shared reference signals from a wave gauge and wind sonic were connected to
both the DTU and IFREMER data loggers and configured for simultaneous logging.
Normally a simple cross correlation of these time-lagged reference signals would allow for
synchronizing timestamps across all channels. However a software bug was present in the
DTU data logging program which introduced an inconsistent sampling rate independent of
the timestamping. This issue was corrected using a dynamic time warping (DTW) algorithm1,
as illustrated in Figure 5.

Figure 5. Wave-gauge signal before and after timestamp synchronization using a DTW
algorithm
T. Giorgino. Computing and Visualizing Dynamic Time Warping Alignments in R: The dtw
Package. J. Stat. Soft., doi:10.18637/jss.v031.i07.
1
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The quality-controlled dataset consisting of all numerical data (i.e. components #1-4 for
each test case) were collated into NetCDF files which follow metadata and labeling
standards. The raw and processed data files were then packaged together with the test logs
and processing software programs (#6 and 7) and published to the DTU data platform with
DOI: 10.11583/DTU.135240292.
Note that the experiment photos and videos were not included in the published data pack
due to their large size. They are however stored by DTU and can be made available to the
public upon request.

3.3 In-situ tidal and wave data
The European Marine Energy Centre (EMEC) continuously collects oceanographic data on its
sites. Since EMEC is a test centre for wave and tidal stream energy converters, the main
datasets consist of tidal current observations using Acoustic Doppler Profilers (ADP) and
wave observations using Waverider buoys. The ADP observations are done at the full-scale
tidal test site in Fall of Warness, while wave observations are carried out in Billia Croo full
wave test site.
The collected data is then used for resource assessment, model validation, design criteria
development and power performance assessment.
The power performance assessment is part of EMEC’s scope of accreditation as a test
laboratory, under ISO 17025 standard. The standard requires full traceability and
auditability of the data used in the test. As such, EMEC uses own in-house Integrated
Metocean Processing Analysis and Quality Control Tool (IMPAQCT), controlled documents
(QC checklists, metadata files, etc) and standard operating procedures, to ensure full
traceability of the data handling.
EMEC mainly uses the data internally and adopted own data format based on MATLAB©
binary data files, with variable names and structures tightly controlled through internal
documents. Because MATLAB© is a proprietary software and vocabularies are internal to
EMEC, the datasets in this format deviate from FAIR data requirements. Hence, for data
dissemination outside the company, it was decided to use widely acceptable SeaDataNet
(SDN) data formats.
They are well described (Lowry R., et al 2019
https://doi.org/10.13155/56547);
has
several
useful
software
published
(https://www.seadatanet.org/Software) and expert support was available through Marinet-2
project. Furthermore, EMEC internally implements SDN quality control flag convention,
allowing easier transition between the two formats.

E. Simon, F.J. Madsen, A. Pegalajar-Jurado, H. Bredmose, M. Le Boulluec. MaRINET2 2019
scaled floating offshore wind turbine test dataset. DTU Data. doi: 10.11583/DTU.13524029.
2
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Data used in marine renewable energy is often collected at high frequency and the data files
could be big (exceeding 1GB in binary format), leading the data file format choice towards
more compact SDN NetCDF format. Some of the software (e.g. NEMO,
https://www.seadatanet.org/Software/NEMO) allows conversion to SDN NetCDF format from any
ASCII file. However at the time of the data preparation, TimeSeriesProfile data type (which is
used for moored ADP data) implementation was not available. In addition, usage of NEMO
would have required conversion of big data files from compact MATLAB© format to flat
ASCII format to be converted back to binary NetCDF format.
To avoid unnecessary steps, it was decided to develop a data conversion module integrated
with EMEC IMPAQCT software that would convert EMEC style data files to SDN NetCDF
format files. The module was developed following data format description from (Lowry R., et
al 2019 https://doi.org/10.13155/56547). Internal parameter names/units/instruments were
mapped across to SDN controlled vocabularies. Metadata fields in this module are imported
to NetCDF directly from EMEC metadata files during the conversion process.
The resulting module was validated on two levels:
1) Data mapping was tested against original files to make sure the correct variables are
saved under specific names
2) SDN NetCDF format compliance

was

tested

using

Octopus

v1.5.3

(https://www.seadatanet.org/Software/OCTOPUS) software
As part of internal software development procedure, the first step is documented in EMEC
IMPAQCT validation report.
As part of the compliance checks, NEMO software was used to convert a short ASCII
Waverider dataset to SDN NetCDF. The converted file was then used to make sure all
necessary attributes and correct dimensions were present in the data converted using
IMPAQCT. In combination with example TimeSeries files available from SDN website this
allowed quick development and troubleshooting of the conversion module.
Though, some challenges were encountered while ensuring the output ADP data file
compliance with SDN format requirements. With TimeSeriesProfile data it looked like the
Octopus software v1.5.3 did some checks but did not allow the 3rd dimension for the
datasets (see “NetCDF format checks and corresponding errors” spreadsheet at Octopus
webpage). Similarly, the PROFZ parameter (the vertical profile coordinate) was not
recognized as coordinate axis, while shown at (Lowry R., et al 2019
https://doi.org/10.13155/56547)3 as the correct way to assign coordinates. There were no
ADCP example NetCDF files (TimeSeriesProfile type data) available for download, which
would be useful to add in the future.
Lowry Roy, Fichaut Michele, Schlitzer Reiner, Maudire Gilbert, Bregent Sophie
(2019). S
 eaDataNet. Datafile formats. ODV, MEDATLAS, NETCDF. DELIVERABLE
D8.5. https://doi.org/10.13155/56547
3
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Once the validation had been carried out the data was submitted to SEANOE portal (Figure 6
and Figure 7). The process of submission is very straight forward with only limited number
of mandatory fields, making the publication a user-friendly process. It took less then 24
hours for the data to appear on the portal and DOI to be assigned.

Figure 6. EMEC tidal stream data published on SEANOE (see also
https://doi.org/10.17882/70934)
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Figure 7. EMEC wave data published on SEANOE (see also h
 ttps://doi.org/10.17882/77343)

3.4 HF Radar data [ UoP]
The EU projects JERICO-NEXT, EU service Copernicus Marine services and SeaDataNet are
proposing a data management standardization for HF radar observations, based on NetCDF
files, CF compliant (Climate and Forecast), with SeaDataNet common vocabularies for
metadata (easy generation of Common Data Index metadata files).
●

European HF radar NetCDF data and metadata format

MaRINET2 HF radar data pushed on the e-infrastructure should comply with these
standards.
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3.5 Corrosion data
This use case consists of corrosion data, partly obtained from public sources (AEMET and
AGL buoy) and partly directly obtained from our MCTS El Bocal test site through
measurements taken by sensors.

3.5.1 Test site: MCTS El Bocal
The Marine Corrosion Test Site El Bocal (MCTS El Bocal) is a Marine Laboratory in the open
sea whose main objective is to study the behaviour of different materials and coatings
against marine corrosion and biofouling. It’s located on the coast of Cantabria, near
Santander, in the facilities of the Aquaculture Research Plant of the Spanish Institute of
Oceanography (IEO).
In the MCTS El Bocal there are 4 different exposure zones: Atmospheric, splash, tidal and
submerged. It also has a series of racks on the ground for the exhibition of materials in the
atmospheric zone. These racks are located in the facilities of the Spanish Institute of
Oceanography (IEO).
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Figure 8. MCTS El Bocal. Exposure zones.

Figure 9. Atmospheric frames at IEO.

The test site has a series of sensors that are responsible for obtaining environmental data
from the test site in real time. The installation of the sensors for monitoring has been
developed in the MONICOR project: Development of a tool for evaluating the aging of
materials in marine conditions.
This project has received aid co-financed by the European Regional Development Fund
through the FEDER 2014-2020 Operational Program of Cantabria through the INNOVA 2017
grant line.

3.5.2 Data acquisition
The monitoring facility is currently being commissioned and tests are underway. The data
acquisition system is not yet fully operational.
The monitoring system acquires data both from public sources and from the sensors
installed in the test site. The public sources used are the following:
AGL Buoy
The AGL Buoy is an ocean-meteorological buoy that was deployed on September 27, 2007,
at position 43º50'N 3º47'W, located 22 miles north of Cabo Mayor in Santander. The depth
of the water in the buoy is 2850 meters. The data measured by this buoy are publicly
accessible. CTC collects the public data from the buoy and adds it to its database.
AEMET
AEMET is a weather station that provides meteorological information related to the area of
El Bocal, Santander. The data from AEMET are publicly accessible. CTC collects the public
data from AEMET and adds it to its database.
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In the future, when the installation is in fully operation, it will also have the following
sensors:
Water Level Sensor
An ultrasound sensor is used to measure the height of the tide / wave and to know which
specimens are submerged or in the air.
Water temperature sensor
A continuously submerged probe installed in the test site measures the temperature of the
water.
Air temperature sensor
The air temperature probe is located on a structure at the top of the test site.
Cameras
There are also two cameras installed in the test site that allow real-time visualization of
most of the installed test tubes.
In order to be able to visualize the largest possible number of specimens, as well as the tidal
level of the water, a camera is located at the end of a 1m long arm, focused towards the wall
with the beaters.
Other camera is installed inside the structure of the test site, to visualize the facilities that
are there.

3.5.3 Data preservation: Database MCTS El Bocal
Currently, there is no published data set with a DOI, as the data acquisition system is still in
testing. However, three different databases have been created depending on the type of
data they will host.
●
●
●

Sensors: contains the histories of the installed sensors.
Buoy: contains the historical data obtained from the AGL buoy.
AEMET: contains the history of the data obtained from AEMET.

For each of the databases, the tables corresponding to each of the signals that are
controlled have been created; the structure of the databases is common for all the tables
for all the databases.
The sensors database contains the following tables:
●

Air temperature: historical data of the air temperature probe with frequencies of 1
hour and 30 minutes.

●

Sea level: historical data of the ultrasound probe with frequencies of 1 second and 1
hour.
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●

Sea temperature: historical data of the water temperature probe with frequencies of
1 hour and 30 minutes.

The following tables are found in the buoy database:
●
●

Date: historical data of the AGL buoy reading dates with hourly frequency.
Salinity: historical data of the salinity obtained from the AGL buoy with hourly

●

frequency.
Sea temperature: historical data of the water temperature obtained from the AGL
buoy with hourly frequency.

●

Wave height: historical data of the wave height obtained by the AGL buoy with hourly
frequency.

The following tables are located in the AEMET database:
●

Air temperature: historical data of the air temperature obtained from AEMET with
hourly frequency.

●

Humidity: historical data of the humidity obtained from AEMET with hourly
frequency.

●

Precipitation: historical data of the precipitations obtained from AEMET with hourly
frequency.

●

Sea level pressure: historical data of pressure at sea level obtained from AEMET with

●

hourly frequency.
Isolation: historical data of insolation obtained from AEMET with hourly frequency.

3.5.4 Database app
CTC has developed a SW tool to visualize real time and historical data of the parameters
measured by the sensors of the test site through a web platform.
The application is divided into 5 different modules:
●

Synoptic

●
●

Test-Site calculations
Real Data

●
●

Historical
Cameras

The content of each of the modules is briefly described below.
Synoptic
In this module you can view a synoptic that represents the Test-Site with the different
sensors installed in the project. In this window you can see the current value of the sensors,
in addition to the calculation of the average height of the sea level in the last hour.
Test-Site Wet-Dry state
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This module allows queries about the time that a frame, or several, have remained in each
of the three states (submerged, splash or in the air) in the time period defined by the user.
This window allows the selection of one or more (5 maximum) of the frames on which the
calculations are to be carried out.
The results of the calculations are shown in table format and in graphical format, the latter
in bar graph and in donut format. The results are returned in % with respect to the total
calculation time for each of the three states and also in days, hours and minutes format.
Real Data
This module shows the data handled by the application in real time. Both the signals
obtained by the sensors, and the data obtained from AEMET and the AGL buoy.
Historical data
In this module you can consult the historical data of the different signals, both in graphic
format and in table format. The application displays the selected variables for the selected
time interval.
Cameras
This module allows access to the views of the two cameras installed in the test site.

Work is ongoing to extract data from the internal data bases at CTC and convert these to the
standardized netCDF format of MARINET2. Currently, the data is available in Excel format,
which is a typical scenario for industrial partners in MARINET2 and beyond. Once the data
sets have been converted to netCDF, it will be possible to publish them e.g. via Seanoe.
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4 VRE use cases
4.1 Wind Lidar VRE use case
Wind lidar technology has been increasingly used for wind energy applications for over a
decade. During this time there has been an impressive development of a lidar community
and widespread adoption of wind lidars. Lidars are becoming more robust, energy-efficient,
smaller, and cheaper. However, this is not happening at the desired pace. Lidar technology
still needs to be made user friendly to achieve a wider audience, but also quite “open” for
power users. For several years DTU has been tackling these seemingly opposing challenges.
Since 2017 DTU has been pursuing lidar digitalization, thus the goal of including the expert
lidar knowledge in tools that will facilitate the application of lidar technology. Several of such
tools have been developed such as campaign-planning-tool, YADDUM (Yet Another
Dual-Dopler Uncertainty Model) and MOCALUM (Monte Carlo Lidar Uncertainty Model), w
 hich
are Python libraries for lidar campaign planning and configuration (campaign-planning-tool),
and single- and dual- Doppler uncertainty calculations (YADDUM and MOCALUM).
YADDUM i s based on the analytical model of dual-Doppler uncertainty. The model is based
on the law of propagation of uncertainties. YADDUM p
 rovides a simple yet effective
modeling of dual-Doppler uncertainty. Therefore, it represents a tool that can be used for
the measurement campaign planning (to find optimum positioning of dual-Doppler setups
that will provide lowest possible measurement uncertainty) or to calculate measurement
uncertainty in already acquired data.
The worflow with YADDUM is relatively simple and essentially consists of the following steps:
1.
2.
3.
4.

Atmosphere parametrization
Localization and description of lidars
Localization of measurement points
Calculation of the measurement uncertainty

MOCALUM unlike YADDUM is based on the Monte Carlo approach (i.e., not analytical) and it is
not limited to only dual-Doppler setups, but uncertainty of any type of lidar and scanning
configuration can be calculated. The most important features of MOCALUM are:
●

Fast uncertainty modelling

●

Simulation of single or multi lidar configurations

●

Configuration of arbitrary trajectories for single and multi lidars

●

Configuration of IVAP (sector-scan) trajectory for single lidar

●

3D or 4D uniform or turbulent flow field generation

●

Sampling of correlated or uncorrelated uncertainty terms

●

Built-in 2nd order kinematic model for calculation of trajectory timing
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●

3D or 4D interpolation and projection of flow on lidar(s) line-of-sight(s)

●

xarray datasets enriched with metadata

MOCALUM w
 orkflow is quite straightforward and includes following steps:
1. Creating mocalum object
2. Adding lidar(s) and configuring uncertainty contributors to the object
3. Setting up measurement scenario for previously added lidar(s)
4. Sampling uncertainties
5. Generating flow field entailing measurement points
6. Project flow field on line-of-sight(s)
7. Reconstruct wind vector(s)
8. Perform statistical analysis of reconstructed wind vectors
To make both YADDUM and M
 OCALUM easily accessible to users and to demonstrate
e-Infrastructures DTU has configure two Virtual Research Environments (VRE) using binder
in which the two packages are installed. Binder allows to create custom computing
environments that can be shared and used by many remote users. It is powered by
BinderHub, which is an open-source tool that deploys the Binder service (in our case
YADDUM and MOCALUM) in the cloud (i.e., VRE services).
For the VRE demonstrator we have specifically used mybinder.org which is free services.
Through mybinder.org we have created the MOCALUM VRE accessible using the following
link, and the YADDUM VRE which is accessible using this link access link. By setting up the
two VREs end users can access and perform computations with YADDUM and MOCALUM
through their web browser without any need to install them on their local computers.
Additionally, through each VRE users have access to a range of tutorials, written using
Jupiter Notebooks, which will instruct them how to use and interact with the above two
packages (see Figure 10 and Figure 11).
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Figure 10: Five tutorials which can be found in “examples” folder of MOCALUM VRE will
instruct users on how to use this package.

Figure 11. Tutorials are well described and will help users quickly to get familiar with the
package.
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4.2 Windbench VRE use case
4.2.1 About Windbench
CENER is actively working on the Windbench use case, a web portal for managing
repositories for verification and validation (V&V) of wind farm models. The portal has been
developed alongside the IEA Task 31 “Wakebench” whose goal is to establish an
international framework for the development and validation of wind farm flow models.
Validation cases are defined in terms of model intercomparison benchmarks where code
developers and end-users collaborate to compare their results with each other and against
observational data.
During the last stage of Task 31, overlapping with the MARINET2 project, Windbench has
migrated from a centralized content management system (windbench.net) to a distributed
design that is better aligned with the European Open Science Cloud (EOSC) philosophy that
promotes the use of European data management infrastructures and FAIR principles for
data sharing and dissemination4. The value proposition of the new design is:
Validate your code together with your peers and share your data safely to contribute
to a traceable international model evaluation framework for the development of
trustful wind energy engineering tools.
To this end, the following features are developed:
•

A community platform to map and document the development an international wind
energy modeling and evaluation framework.

•

A validation directed research program to establish high-level priorities for
experimental analysis, model development and evaluation to meet the requirements

•

of wind energy applications.
A guide to adopt formal model evaluation procedures and data standards to improve

•

the traceability and interoperability of the framework.
A gateway to open-access resources for modeling, data analysis and validation.

•

A forum to discuss industry challenges and scientific insights that help identify
knowledge gaps.

In technical terms, the benchmarking service is not provided through an automated
workflow since each validation case is built from different types of data and requires a
customized data analysis focused on specific validation quantities and metrics. We shall
treat each validation case individually and collect open-source evaluation scripts to identify
commonalities to design a validation template that can eventually become a standard
workflow. To this end, we are promoting the use of python and Jupyter notebooks as a
common language for coding and documentation to leverage popular open-access libraries
Sanz Rodrigo J, Gancarski P, Harsha Vathsavayi S (2018) Windbench: Building Trust on Wind
Energy Design Tools through Open Science Model Evaluation. Digital Infrastructures for Research
(DI4R), 9-11 October 2018, Lisbon, Portugal, https://doi.org/10.5281/zenodo.3254592
4
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developed by the data science community. The Windbench workflow, described next,
integrates this core development tool inside a traceable validation process that takes place
between the generation of an experimental dataset and the publication of quality-checked
validation results.
The benchmark is managed following software development practices using GitHub code
repositories and cloud data management and computing to establish a virtual research
environment where benchmark participants can collaborate using distributed resources.

4.2.2 Benchmarking Workflow
The workflow of the new Windbench is illustrated in Figure 12. It consists of the following
building-blocks:
•

Modelling communities discuss benchmark opportunities in project workshops to
come up with the definition of validation objectives around a validation dataset. A
benchmark manager will take the lead and draft a benchmark guide to engage with
potential participants. This is now done in a blog platform like “The Wind Vane5”,
hosted in Medium, allowing easy drafting and dissemination through social media.
The benchmark guide will be curated throughout the benchmark process until the

•

publication of the results.
B2Drop is used as a shared data repository to store input, validation and output

•

(simulations) data used in the analysis.
Model evaluation scripts, developed in python with Jupyter notebooks, are hosted in
GitHub as a private or public code repository. This includes templates for data
submission that comply with the NetCDF standard for data and metadata established
by, in this case, the MARINET2 project.

•

Discussions within the benchmark group are carried out using the Slack application
and online meetings.

•

The code and data are fetched by a Jupyter Hub hosted by CSC, partner of the
SeaDataCloud infrastructure. This allows benchmark participants to access a virtual
research environment (VRE) where they can test the evaluation scripts with own data

•

and compare with others during the benchmark process.
The benchmark is typically presented at peer-reviewed conferences and journal
publications. This is a necessary quality-check for the benchmark to be integrated in
the Wind Energy Model Evaluation Protocol (WEMEP)6, an open-source

•

5
6

documentacion project for the Wakebench V&V framework hosted in GitHub. The
curated benchmark guide is included in the WEMEP benchmarks including links to the
associated data repositories.
Datasets are published in open-access repositories like B2Share and Zenodo that are
integrated with the OpenAIRE metadata catalog to improve discoverability. These
repositories allow version control. In particular, Zenodo is integrated with GitHub to

https://thewindvaneblog.com/
https://wemep.readthedocs.io/en/latest/
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provide a DOI to code releases. This is particularly useful when the benchmark is
revisited in the future to track changes introduced in the datasets and the code.

Figure 12. Windbench workflow integrated in the SeaDataNet Virtual Research Environment
(Sanz Rodrigo et al., 2018).

4.2.3 Pilot Benchmark: ALEX17
In November 2019 we launched the ALEX17 Diurnal Cycles Benchmark as a pilot to
demonstrate the new Windbench design while it is integrated in MARINET2 VRE. The
validation study leverages experimental data recently produced in the New European Wind
Atlas (NEWA) project to test multiscale flow models in the prediction of the wind conditions
at a large complex terrain site in Spain7. The benchmark was introduced in The Wind Blog
through the following posts:
•

Santos P (2019) The Alaiz Experiment (ALEX17): revealing mountain-valley large scale
flow patterns. The Wind Vane Blog,
https://thewindvaneblog.com/the-alaiz-experiment-alex17-revealing-mountain-valleylarge-scale-flow-patterns-6176416dbf2, last accessed December 2020

•

Santos P (2019) ALEX17 Diurnal Cycles Benchmark: a large domain in complex terrain.
The Wind Vane Blog,
https://thewindvaneblog.com/alex17-diurnal-cycles-benchmark-a-large-domain-in-co
mplex-terrain-b5029e94485, last accessed December 2020

Santos, P., Mann, J., Vasiljević, N., Cantero, E., Sanz Rodrigo, J., Borbón, F., Martínez-Villagrasa,
D., Martí, B., and Cuxart, J.: The Alaiz Experiment: untangling multi-scale stratified flows over
complex terrain, Wind Energ. Sci. Discuss., https://doi.org/10.5194/wes-2020-89, in review, 2020
7
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Since then, it has gathered 5 active participants with the objective to publish the case in the
next Wind Energy Science Conference (WESC) in May 2021. Model evaluation scripts have
been generated and shared with participants through a GitHub public repository:
•

https://github.com/iat-cener/alex17

Instructions at the README.rst file, guide participants to access the cloud benchmark by
running a Jupyter instance at CSC Notebooks. Data templates and conversion scripts to
transform output data to a standardized netCDF format that follows MARINET2 metadata
conventions are also provided. A screenshot of the ALEX17 model evaluation Jupyter
notebook is shown in Figure 13 with some preliminary results.

Figure 13. Screenshot of the ALEX17 model evaluation Jupyter notebook with some
preliminary results.

4.2.4 Other Relevant Benchmarks: GABLS3 and OWAbench
Since the ALEX17 benchmark is not yet finished at the time of the writing of this report, we
shall use other previous examples to illustrate the complete workflow. In particular, the
GABLS3 benchmark is a precursor of ALEX17 in that it also analysed a diurnal cycle but in
flat terrain conditions. More than 10 participants took part in this benchmark which was
originally developed by the boundary-layer meteorology community for the improvement of
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planetary boundary-layer schemes in numerical weather prediction models8. Figure 14
shows the outcome of the benchmark in terms of a distributed set of open-access data
repositories and publications.

Figure 14. GABLS3 benchmark distributed data: Windbench benchmark guide,
peer-reviewed publication, data repository in B2share, code repository in Github/Zenodo
and docker image.

The GABLS3 case has been integrated in WEMEP to eventually become a golden benchmark
that the wind energy community can use to verify fundamental physics of atmospheric
boundary layer models implemented in engineering design tools. Figure 13 shows a
screenshot of the WEMEP site where a summary of the benchmark is provided together
with links to all the relevant reports, presentations and datasets.

Bosveld FC et al. (2014) The Third GABLS Intercomparison Case for Evaluation Studies of
Boundary-Layer Models. Part A: Case Selection and Set-Up. Boundary-Layer Meteorol 152,
133–156, https://doi.org/10.1007/s10546-014-9917-3.
8
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Figure 15. Documentation of the GABLS3 benchmark in WEMEP9.
Another relevant benchmark conducted recently, also with more than 10 participants from
research institutions and industry is the Offshore Wind Accelerator (OWA) Wake Modelling
Challenge10 (OWAbench). This case used operational data from 5 offshore wind farms to test
engineering wake models in the prediction of array efficiency, i.e the ratio between net and
gross power due to wake losses. The process required proper handling of data privacy since
the operational data could not be shared with benchmark participants, some of which
participated with anonymous profiles. In these conditions, benchmark scripts are still made
available to participants but making sure results are anonymized by using non-dimensional
metrics and anonymous participant identifiers. These limitations also favour the adoption of
a blind-test approach where benchmark participants make predictions without access to the
https://wemep.readthedocs.io/en/latest/windconditions/benchmarks/gabls3.html
Sanz Rodrigo J et al. (2020) Validation of Meso-Wake Models for Array Efficiency Prediction
Using Operational Data from Five Offshore Wind Farms. J. Phys.: Conf. Ser., 1618, 062044,
doi:10.1088/1742-6596/1618/6/062044
9

10

Page 33 of 4
 0

Marinet2 – D6.3 e-Infrastructure use cases and guidelines

validation data. This provides an objective assessment of the state-of-the-art but does not
allow using the observational data for calibration. At the end of the process, data owners
decide on how much of the data can be disclosed publically. In this case, evaluation scripts
and input/output data were published but validation data remained restricted.

4.2.5 Conclusions
The new “Windbench workflow” has been received positively by early adopters from the
wind flow modelling community. Adopting a distributed approach instead of the previous
centralized content management system allows a more versatile user experience by
leveraging well-established generic applications and data management and computing
infrastructues. It also provides flexibility for end-users to select the most suitable platforms
in the dissemination of their results. With focus on the wind energy community, the WEMEP
open-source documentation project provides links to all these resources in a cohesive way
by allowing a community-driven track record of quality-checked benchmarks. Hosting
WEMEP in Github allows keeping track of changes as they are produced in research projects
like MARINET2.
At a technical level, these are some key lessons learnt:
•

Complying with netCDF standards is not straightforward even when templates are
provided. This is especially true for industry where CSV format seems more
convenient. In most cases, the benchmark manager had to take care of reformatting
all the outputs to a common standard. Providing model evaluation scripts provides
an incentive for participants to test their outputs with a functional script before

•

submitting the data to the benchmark manager.
Managing user accounts with a third party, like CSC, in the loop introduces
unnecessary delays in the process. The benchmark/project manager should be able
to administer access to the project at the VRE server within some predefined
allocation limits agreed with the service provider as it is done in PRACE to manage
high performance computing resources.

•

The notebooks run smoothly in CSC cloud, allowing the end-user to have a notebook
instance running in a few minutes after log-in, necessary to fetch the data from
B2drop. A more advanced service would allow the user to save changes in the
notebook, for example, when using own data to run a self-evaluation with a
sensitivity analysis before submitting the most suitable output data to the

•

benchmark manager. The ultimate goal is to allow the user to sync his/her local
working directory with the cloud where he/she can leverage the notebooks
developed by other collaborators in the benchmark setting.
Managing private data in the cloud is not possible unless the VRE provider and the
benchmark participants adhere to the same NDA that the benchmark manager has
signed with the data provider. This is not likely to happen unless there is a
project-level agreement in place that facilitates the transfer of access rights.

Future implementations of a public VRE could consider adopting a similar functionality as
that provided by Kaggle for the data science community. Kaggle allows running benchmarks
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(so called competitions) and share datasets and notebooks among the community of users.
End-users are incentivized by monetary or social credit gained by scoring high in
competitions and by sharing their notebooks (kernels) which is a good proxy for prospect
employers and peers to judge their data science skills.
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5 Guidelines to the MaRINET2 e-Infrastructure
In the following, we outline a number of resources developed within MARINET2 WP6 to
guide and assist data owners and ensure that data sets originating from the project’s Round
Robin and TNA experiments are preserved according to the MARINET2 data preservation
policy outlined in D6.4.

5.1 Guidelines and examples on Github
In order to share the knowledge and tools developed in WP6, a Github domain has been set
up for MARINET2 at https://github.com/Marinet2/. At present, the domain contains three
elements as listed below. New information and examples will be added continuously as they
become available to the WP6 partners.

Figure 16. Overview of the content of the Github domain at https://github.com/Marinet2/.
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5.2 Materials from the workshop ‘Bring Your Own Data’
A workshop witht the title ‘Bring Your Own Data’ (BYOD) was organized on June 23, 2020 by
members of WP6 (DTU, CENER, and IFREMER). The workshop purpose was to gather the
owners of MARINET2 data sets and guide them on how to convert and preserve these data
sets in order to live up to the MARINET2 data preservation policy. All slides and recorded
presentations from the workshop are available through the links below and may be used for
guidance throughout the project.
Slides presented during the BYOD workshop:
1. Marinet2 (meta)data standard by Nikola Vasiljevic, ORCiD 0000-0002-9381-9693, DTU
Wind Energy
2. Marinet2 standard implementation: data conversion workflow and tools by Pawel
Gancarski, ORCiD 0
 000-0001-9198-8429, CENER
3. Marinet2 standard implementation: IFREMER Round Robin example by Corentin
Guyot, IFREMER
4. Data publication and preservation by Frederic Merceur, IFREMER
5. Data access through Virtual Research Enviroments by Antoine Queric, IFREMER
6. Expectations, follow-up by Thierry Carval, Ifremer
Video recordings of presentations from the BYOD workshop are available through the
following links:
1. Marinet2 (meta)data standard by Nikola Vasiljevic, ORCiD 0000-0002-9381-9693, DTU
Wind Energy
2. Marinet2 standard implementation: data conversion workflow and tools by Pawel
Gancarski, ORCiD 0
 000-0001-9198-8429, CENER
3. Marinet2 standard implementation: IFREMER Round Robin example by Corentin
Guyot, IFREMER
4. Data publication and preservation by Frederic Merceur, IFREMER
5. Data access through Virtual Research Enviroments by Antoine Queric, IFREMER
6. Expectations, follow-up by Thierry Carval, Ifremer
Page 37 of 4
 0

Marinet2 – D6.3 e-Infrastructure use cases and guidelines

Alternatively, a playlist with all six videos can be accessed through
https://video.dtu.dk/playlist/dedicated/0_mijfwp8u/.

Figure 17. Video playlist with presentations from the BYOD workshop in June 2020.

5.3 Get in touch through Slack
Partners of WP6 have created a Slack channel dedicated to data conversion and
preservation at marinet2.slack.com. The intention is to use this channel for an open
dialogue with the different data owners in MARINET2. An invitation to join the dialogue is
necessary and any participant or partner in MARINET2 is very welcome to join. Please reach
out to DTU to obtain access.
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Figure 18. The dialogue tool Slack in use for data conversion and preservation.
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