
Practical examples 
how improved marine data 
FAIRness supports developers 
and end-users in current 
developments in Virtual 
Research

Alexandra Kokkinaki, National Oceanography 
Centre, British Oceanographic Data Centre, 
Liverpool, UK



https://eosc-
future.maris.nl/

https://marine.copernicus.eu/nl/services/use-
cases/marine-data-viewer-uniting-situ-
measurements-models-and-satellites-

essential

SDN EMODNETArgoEMSO ICOS

Temperature: Kelvin, Celsius, Fahrenheit -> desired unit: Celsius
Oxygen: μmol/kg, mol/kg, μmol/l, ml/l, mg/l -> desired unit: mmol/m3
Nutrients: mol/kg, μmol/kg -> desired unit: mmol/m3
pH  no unit conversions

Essential Ocean Variables 

https://eosc-future.maris.nl/
https://eosc-future.maris.nl/


Steps

• Check if the Essential Ocean Variables (EOVs) defined by                are published as machine 
readable terms in a FAIR semantic resource?

• Identify the semantics (language) the RIs data/metadata are annotated with
• Translate EOV parameters to the terminology each RI understands

Create mappings between the EOVs and the underlying vocabularies
• Identify all units an EOV parameter can be measured at
• Provide unit conversions between the different units



Inorganic Nutrients
The amount of dissolved inorganic macro nutrients 
(NO3, PO4, Si and NO2) in seawater using 
water column measurements.

Temperature
The temperature of seawater expressed against the 
International Temperature Scale 1990 (ITS-90) 
standard.

Oxygen
The amount of dissolved oxygen in seawater using 
water column measurements.

CO2
The chemistry of carbon dioxide (DIC, TA, pCO2 and 
pH) in seawater where pH is expressed against Total, 
Seawater or Free scales. Includes water column and 
atmospheric measurements.

https://vocab.nerc.ac.uk/collection/A05/current/

https://vocab.nerc.ac.uk/collection/A05/current/EV_CO2/

https://vocab.nerc.ac.uk/collection/A05/current/EV_OXY/

https://vocab.nerc.ac.uk/collection/A05/current/EV_SEATEMP/

https://vocab.nerc.ac.uk/collection/A05/current/EV_NUTS/



What is the NVS?

A semantic repository for 
standardised hierarchical 
terminologies used for the 
management of data in the 
marine and related domains
It stores and serves terms  and 
relationships between terms in 
a human and machine-
readable format 

?image?

mappings

concepts

Collections

Vocabularies



http://vocab.nerc.ac.uk/collection/A05/current/

http://vocab.nerc.ac.uk/collection/A05/current/EV_OXY/

http://vocab.nerc.ac.uk/

http://vocab.nerc.ac.uk/collection/A05/current/EV_OXY/
https://creativecommons.org/licenses/by/4.0/

https://vocab.nerc.ac.uk/search_nvs/

Cox, Simon & González-Beltrán, Alejandra & Magagna, Barbara & Marinescu, maria-cristina. (2020). 
Ten Simple Rules for making a vocabulary FAIR. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8238180/





Identify the semantics  the RIs data/metadata are annotated with

SDN EMODNETArgoEMSO ICOS

P01: BODC Parameter Usage Vocabulary

P35: EMODnet Chemistry aggregated parameter names

R03: Argo parameter codes

P07:Climate and Forecast Standard Names  

P01 P01 R03 P35 cf standard 
names

A05: AtlantOS Essential Variables

Mappings

EV_NUTS
EV_SEATEMP

EV_OXY
EV_CO2

P02

P02: BODC Parameter Usage Vocabulary

P06 P06 P06 P06 P06

High granularity

Low granularity

P01

A05



Create mappings between the high level vocabulary 
and the underlying ones for each one of the selected EOVs 

A05:EV_SEATEMP

Temperature of the 
water body by CTD 

or STD

SDN:R03::TEM
P

Temperature of the 
water body by in-situ 
thermistor (seventh 

sensor)

Temperature of 
the water body 
by CTD or STD 
(second sensor)

Temperature of the 
water body

SDN:P09::TE12

SDN:P09::TE03

SDN:P09::TE06

Temperature of the 
water body by hand-

held mercury 
thermometer

Temperature of the 
water body by YSI 

profiling oxygen and 
temperature probe

Temperature (IPTS-
68) of the water body 

by reversing 
thermometer

Temperature of the 
water body by 

reversing 
thermometer

…… …..P01

R03
P09

A05:EV_SEATEMP

Temperature of the 
water body by CTD 

or STD

SDN:R03::TEM
P

Temperature of the 
water body by in-situ 
thermistor (seventh 

sensor)

Temperature of 
the water body 
by CTD or STD 
(second sensor)

Temperature of the 
water body

Temperature of the 
water body by hand-

held mercury 
thermometer

Temperature of the 
water body by YSI 

profiling oxygen and 
temperature probe

Temperature (IPTS-
68) of the water body 

by reversing 
thermometer

Temperature of the 
water body by 

reversing 
thermometer

…… …..
Cf

standard 
names

EV_NUTS EV_OXY EV_CO2



The I-ADOPT Framework is an ontology primarily designed to facilitate 
interoperability between existing variable description models (including 
ontologies, taxonomy, and structured controlled vocabularies).

Make variables interoperable by providing a common method to systematically express or represent them

https://i-adopt.github.io/

Research Data Alliance iadopt WG



Dissolved O2
A05:EV_OXY

Concentration
S21:S21S027

Oxygen
S27:CS002779

water body
S06:S0600045

iop:hasApplicableMatrix

The amount of dissolved oxygen in seawater 
using water column measurements.

iop:hasApplicableObjectOfInterest

iop:hasApplicableProperty

iop:VariableSet

https://vocab.nerc.ac.uk/collection/S21/current/
https://vocab.nerc.ac.uk/collection/S21/current/S21S027/
https://vocab.nerc.ac.uk/collection/S27/current/
https://vocab.nerc.ac.uk/collection/S27/current/CS002779/
https://vocab.nerc.ac.uk/collection/S06/current/
https://vocab.nerc.ac.uk/collection/S06/current/S0600045/
https://w3id.org/iadopt/ont
https://w3id.org/iadopt/ont
https://w3id.org/iadopt/ont
https://w3id.org/iadopt/ont


Dissolved O2 in NVS using iadopt



P01 & cf standard names

P01:DOXYAAOP

Concentration
S21:S21S027

Oxygen
S27:CS002779

water body
S06:S0600045

Concentration of oxygen {O2 CAS 7782-44-7} per unit volume of the 
water body [dissolved plus reactive particulate phase] by optode

iop:hasProperty iop:hasObjectOfInterest Iop:hasMatrix

iop:Variable

https://vocab.nerc.ac.uk/collection/S21/current/
https://vocab.nerc.ac.uk/collection/S21/current/S21S027/
https://vocab.nerc.ac.uk/collection/S27/current/
https://vocab.nerc.ac.uk/collection/S27/current/CS002779/
https://vocab.nerc.ac.uk/collection/S06/current/
https://vocab.nerc.ac.uk/collection/S06/current/S0600045/
https://w3id.org/iadopt/ont
https://w3id.org/iadopt/ont
https://w3id.org/iadopt/ont


The amount of dissolved oxygen in seawater using water 
column measurements modelled in  NVS using iadopt



Dissolved O2
A05:EV_OXY

Concentration
S21:S21S027

Oxygen
S27:CS002779

water body
S06:S0600045

iop:hasApplicableMatrix

iop:hasApplicableObjectOfInterest

iop:hasApplicableProperty

iop:VariableSet

Find all P01 terms and their mappings to 
P02, R03, P09 that fullfill:
Iop:hasProperty: Concentration
Iop:hasMatrix: water body
Iop: hasObjectOfInterest: Concentration

iop:hasProperty

https://vocab.nerc.ac.uk/collection/S21/current/
https://vocab.nerc.ac.uk/collection/S21/current/S21S027/
https://vocab.nerc.ac.uk/collection/S27/current/
https://vocab.nerc.ac.uk/collection/S27/current/CS002779/
https://vocab.nerc.ac.uk/collection/S06/current/
https://vocab.nerc.ac.uk/collection/S06/current/S0600045/
https://w3id.org/iadopt/ont
https://w3id.org/iadopt/ont
https://w3id.org/iadopt/ont
https://w3id.org/iadopt/ont




Unit Harmonisation



Our approach

• EV_OXY

A05: AtlantOS 
Essential 
Variables

•[mass]/[length*length*length]
•[amount of substance]/[mass]
•[mass]/[mass]
•[amount of 
substance]/[length*length*length]

•[length*length*length]/[length*leng
th*length]

• ….
• …

P24: Units of 
measure 

dimensions

• P06:MPM3 Millilitres per 
cubic metre

• P06:UUML Microlitres per 
litre

• P06:CMCM Cubic 
millimetres per cubic metre

• P06:UCCM Cubic microns 
per cubic metre

• P06:UMLL Millilitres per 
litre

• P06:UCUM Cubic microns 
per millilitre

P06: BODC-
approved data 
storage units

• unit:MilliL-PER-M3
• unit:MicroL-PER-L
• unit:MicroM3-PER-M3
• unit:MilliL-PER-L
• unit:MicroM3-PER-
MilliL

QUDT URL

• conversions

QUDT sparql
endpoint 

qudt:hasQuantityKind

skos:narrower

owl:sameAs

https://vocab.nerc.ac.uk/collection/P24/current/

https://vocab.nerc.ac.uk/collection/P06/current/

https://qudt.org/

http://vocab.nerc.ac.uk/collection/P24/current/MSPVOL/
http://vocab.nerc.ac.uk/collection/P24/current/MOLPMASS/
http://vocab.nerc.ac.uk/collection/P24/current/NASSMASS/
http://vocab.nerc.ac.uk/collection/P24/current/MOLPVOL/
http://vocab.nerc.ac.uk/collection/P24/current/MOLPVOL/
http://vocab.nerc.ac.uk/collection/P24/current/VOLVOL/
http://vocab.nerc.ac.uk/collection/P24/current/VOLVOL/
https://vocab.nerc.ac.uk/collection/P06/current/
https://vocab.nerc.ac.uk/collection/P06/current/MPM3/
https://vocab.nerc.ac.uk/collection/P06/current/
https://vocab.nerc.ac.uk/collection/P06/current/UUML/
https://vocab.nerc.ac.uk/collection/P06/current/
https://vocab.nerc.ac.uk/collection/P06/current/CMCM/
https://vocab.nerc.ac.uk/collection/P06/current/
https://vocab.nerc.ac.uk/collection/P06/current/UCCM/
https://vocab.nerc.ac.uk/collection/P06/current/
https://vocab.nerc.ac.uk/collection/P06/current/UMLL/
https://vocab.nerc.ac.uk/collection/P06/current/
https://vocab.nerc.ac.uk/collection/P06/current/UCUM/
http://qudt.org/vocab/unit/MilliL-PER-M3
http://qudt.org/vocab/unit/MicroL-PER-L
http://qudt.org/vocab/unit/MicroM3-PER-M3
http://qudt.org/vocab/unit/MilliL-PER-L
http://qudt.org/vocab/unit/MicroM3-PER-MilliL
http://qudt.org/vocab/unit/MicroM3-PER-MilliL
https://qudt.org/2.1/schema/qudt
https://qudt.org/2.1/schema/qudt










• By applying the iadopt framework:
• We avoided manual mappings between different granularity parameters
• Instead we invested in the long term interoperability of NVS parameters
• Align with other (iadopt –enabled) terminologies
• Enabled smart mappings
•

• Reuse as much as possible what already exists e.g. QUDT

Lessons learnt


