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What Are Essential Variables (EVs)?

Essential Variables are a common language that link observations, science and policy
by translating diverse measurements into a standardized set of variables, suitable for 
informing indicators and decisions.

OBSERVATIONS
POLICY and 
DECISIONS

• ECV - Essential Climate Variables
• EOV - Essential Ocean Variables
• EBV - Essential Biodiversity Variables

ESSENTIAL 
VARIABLES INDICATORS

✓ Relevance
✓ Feasibility
✓ Scalability

✓ Sensitivity to change
✓ Policy usefulness
✓ Harmonization
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Essential Climate Variables (ECV)

→

Key document:
GCOS Report-245

The 2022 GCOS ECVs Requirements

2022 edition – Updated in 2025

55 ECVs

a physical, chemical, or biological variable or a group of 
linked variables that contributes to the characterization 
of Earth’s climate.

→ defined by the Global Climate Observing System (GCOS) 
program in 2003
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36 EOVs

Essential Ocean Variables (EOV)

Martín Míguez & Heslop et al., 2026

essential ocean variables for monitoring ocean
state and change, supporting science, services, 
and policy

defined by the Global Ocean Observing System 
(GOOS) starting in 2010

→

→
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21 EBVs

Essential Biodiversity Variables (EBV)
a standardized biological metric for monitoring 
biodiversity across time, space, and biological levels

H. M. Pereira et al., 2013
M. Lumbierres et al., 2025

EBVs bridge primary biodiversity observations and policy-
relevant indicators, supporting conservation and 
sustainable management

introduced by GEO BON in 2013, the EBV framework 
proposed 21 candidate variables grouped into 6 
classes

→

→

→
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What Are European Research Infrastructures (RIs)?

ERIC

EUROPEAN RESEARCH 
INFRASTRUCTURE 

CONSORTIUM

the legal framework designed to 
establish and operate research

infrastructures

RESEARCH 
INFRASTRUCTURES

• Facilities
• Data systems
• Instruments
• Networks
• Expertise
• Services

modified Zhao and Jeffery 2020

RIs provide the sustained
capacity to observe EVs

NATIONAL INFRASTRUCTURES

+
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European Marine Board Policy Brief

Adapted from Virapongse, et al., 2020

MARINE
OBSERVATIONS

(In-situ, EO)

MODELS

Toward 
DIGITAL TWIN OCEAN

The Ocean Observation value chain

DATA
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OBSERVING FACILITIES
Argo | Gliders | Buoys | Moorings | Tide gauges | 

Research vessels | HF radar | Fixed stations

GLOBAL
|                 |                 |                    |

EUROPE
|                       | ESFRI ERICs

NATIONAL

PNIR |          

«an overly complex system, with a diverse range of 
coordination bodies at various levels»

European Marine Board Policy Brief

«Need for stronger coordination, integrated strategies, 
clear responsibilities, and sustained investment»
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ITINERIS: a contribution to an integrated Environmental
Research Infrastructure system
• 22 Reserach Infrastructures

(ESFRI or National RIs within PNIR)
• € 155M total budget → including € 50M

for the Marine Domain
• Funded by National Recovery Plan - MUR
• Project duration: 1 Nov 2022-30 Jun 2026
• Planned operation: at least 10 years

ITINERIS aims to enhance 
digital automation of Italian 

research vessels and improve 
sensors, infrastructures, data 
flows, data storage and FAIR 

data availability

IT-IOOS the Italian 
Integrated Ocean 
Observing System
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Essential Variables Already Observed?

• What is already being observed?
• Which Essential Variables can be produced?

• How mature is the observing system?
METHOD

2023 survey of marine RI facility managers

Italian Marine RIs

Infrastructure SURVEY

Metadata Collection & Validation

EOVs • ECVs • EBVs Assessment

Capacity to produce EVs

• Metadata collected on:
Observed variables

Instruments and sensors characteristics
Measurement quality

Spatial and temporal coverage
Observation continuity

• Validation against EV frameworks
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Considered RIs and EVs

54 EVs
The analysis focused only on EVs potentially produced by ITINERIS 

marine RIs and observing facilities, rather than all RIs/EVs defined by 
ECV, EOV and EBV frameworks

8 RIs
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54 EVs
The analysis focused only on EVs potentially produced by ITINERIS 

marine RIs and observing facilities, rather than all RIs/EVs defined by 
ECV, EOV and EBV frameworks

24 EOVs

23 ECVs

7 EBVs

These EVs are those actually reported as produced 
by the participating facilities:

Considered RIs and EVs
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The analysis focused only on EVs potentially produced by ITINERIS 
marine RIs and observing facilities, rather than all RIs/EVs defined by 

ECV, EOV and EBV frameworks

8 RIs

≠ SCOPE AND 
CONTRIBUTIONS

≠ FACILITIES
OBSERVATIONS

PARAMETERS

Considered RIs and EVs
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Facilities Map

155 
FACILITIES

GEOGRAPHIC DISTRIBUTION OF FACILITIES
(fixed stations, platforms, moorings, etc.)

108
FIXED 

PLATFORMS 

47
MOBILE 

PLATFORMS

≃ 70% ≃ 30% 

8 RIs
•DANUBIUS-ERIC
•EMSO ERIC
•Euro-Argo ERIC
• ICOS ERIC
•eLTER RI
• JERICO
•GeoSciences
•LNS National 

Facility
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Quantification of Observational Effort

EVs PER FACILITY

→ each EV counted once per facility

→ >90% of entries were classified as CORE: 1550 out of 1707

EVs PER SENSOR

→multiple observations counted when measured at different depths
or by different sensors

“Per facility tells us breadth. Per sensor tells us intensity.”

1299 EVs 510 EOVs 753 ECVs 36 EBVs

1707 EVs 687 EOVs 967 ECVs 53 EBVs
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• EOVs / ECVs dominate the observing system
• Key variables: temperature, salinity, oxygen, sea level

• Reflects long-term investment in operational
oceanography and climate monitoring

• EBVs are a small fraction of observations
• Biological monitoring is less standardized/automated

• Many observations rely on field sampling and lab analyses

Physical variables → Automated sensors → Continuous observation → many EVs

Biological variables → Manual analyses → lower frequency observations → fewer EVs

STRONG OCEAN AND CLIMATE MONITORING CAPACITY

BIODIVERSITY IS A GAP

Quantification of Observational Effort
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Marine EVs across RIs: who produces what?
→ NOT a single homogeneous network

• Largest EOV contributions: Euro-Argo, eLTER, JERICO

• Largest ECV contributions: GeoSciences

• Key biogeochemical and carbon-cycle observations: 
EMSO, DANUBIUS, ICOS

• Main EBV contributor: eLTER

• Euro-Argo: 359
• GeoSciences: 305

→ BUT a complementary ecosystem of RIs with distinct observational roles

• eLTER: 215
• JERICO: 1821299 EVS PER FACILITY:

MARINE 
OBSERVING 

SYSTEM 
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Marine EVs across RIs
Specialized and multidisciplinary RIs together

provide an integrated observing capacity

• ICOS→ greenhouse gases and air–sea carbon fluxes

Depth through 
specialization, 

integration through 
multidisciplinarity

SPECIALIZED RIs

• eLTER → ecological and biodiversity monitoring
• JERICO → coastal ocean observing systems

• DANUBIUS → river–sea and transitional environments

MULTIDISCIPLINARY RIs

• Euro-Argo→ open-ocean physical and 
biogeochemical profiles

• EMSO→ deep-sea and water-column observations

• LNS→ focused on cross-disciplinary deep-sea
observations

• GeoSciences→ national sea-level, wave and 
atmospheric coverage
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Survey metadata from RI/facility managers

From measured parameters to EVs: CORE vs SUPPORTING 

e.g. ECV

e.g. EOV

Meets EV requirements?

CORE SUPPORTING

No

• Observed variable
• Instrument / sensor characteristics

• Accuracy and resolution
• Depth range and spatial-temporal coverage
• Continuity of observations

• Data information

GOOS  → EOVs
GCOS  → ECVs

GEO BON → EBVs

Checked against EV framework requirements

Yes  
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Gaps in EV production: CORE vs SUPPORTING
CORE vs SUPPORTING highlights quality gaps

CORE vs SUPPORTING reveals maturity differences:

• Strong maturity
>90% CORE observations mature physical and climate monitoring

• Hidden quality gaps
SUPPORTING values reveal limits in:

accuracy - time resolution

• Uneven maturity across domains
EOVs / ECVs → abundant and mature

   EBVs → compliant but few and less diverse
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ITINERIS impact on the observatory

ITINERIS implementation
• New instruments, sensors and upgraded

observing facilities
• Improved data flows and FAIR data availability

• RI integration through IT-IOOS
• EV baseline and quality assessment

2023 Baseline
Existing observing capacity

2026 Expected Capacity
Higher EV production and improved interoperability

*not yet fully validated

Expected increase in EV production

Preliminary estimates*:
+30% EOV data streams

+50% ECV data streams
+40% EBV data streams

+38–40% overall

ITINERIS moves the system from “many observations” 
to a more interoperable observing portfolio

INTEGRATED OBSERVING 
PORTFOLIO

Fixed stations + Moorings + Argo floats +
Gliders + Research vessels + Coastal

platforms + Tide gauges
=
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Conclusions

EMB Policy Brief challenge

European ocean observing
remains fragmented across: funding, 
mandates, platforms and data flows

Stronger coordination, clearer
responsibilities and sustained

investment are needed

ITINERIS long-term challenge
From project

→ to infrastructure
→ to sustained national

observing governance

• Italy already has a strong marine observing capacity, 
especially for physical and climate variables (and >90% 

observations satisfy EV requirements)

• The main challange is not infrastructure, but coordination, 
interoperability and long-term sustainability

• Biodiversity and ecosystem observations remain major gap 
and require innovation and automation

• Essential Variables provide a common framework linking 
observations, data quality and policy needs

• IT-IOOS should act as the long-term national coordination
and Single Access Point for high-quality, FAIR marine 

datasets

KEY MESSAGES
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Thanks to the ITINERIS Marine Domain Team:  
Emilio Urbinati, Debora Bellafiore, Caterina Bergami, Francesca De 
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Giuseppa Buscaino, Carolina Cantoni,
Vanessa Rossana Cardin, Carmela Caroppo, Lorenzo P. Corgnati, 
Alessio Corsi, Silvio Davison, Giuseppe Denti, Andrea Di Macco, 
Davide Embriaco, Michele Giani, Santina Giandomenico, Giordano 
Giorgi, Zoi Kokkini, Giovanni La Forgia, Daniele Lagomarsino-Oneto, 
Carlo Mantovani, Simone Marini, Elena Mauri, Emanuele Organelli, 
Francesco Paladini De Mendoza, Elena Bianca Papale, Sara Pensieri, 
Antonella Petrocelli, Jaime Pitarch, Angela Pomaro, Giorgio Riccobene, 
Francesco Riminucci, Fernando Rubino, Gian Marco Scarpa, Katrin 
Schroeder, Roberta Sciascia, Riccardo Tagliavini and Rosalia Santoleri 

for more informations: Toller et al. 2026


	Slide 1: The Contribution of Italian Research Infrastructures towards a Coordinated Observation of Essential Variables in the Mediterranean
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

