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Essential climate variables

An Essential Climate Variable (ECV) is a physical, 
chemical or biological variable or a group of 
linked variables that critically contributes to the 
characterization of Earth’s climate. GCOS 
currently specifies 55 ECVs.

Defined by the Global Climate Observing System 
(GCOS) program in 2003

ECV datasets provide the empirical evidence 
needed to understand and predict the evolution 
of climate, to guide mitigation and adaptation 
measures, to assess risks and enable attribution 
of climate events to underlying causes, and to 
underpin climate services. They are required to 
support the work of the UNFCCC and the IPCC.

https://gcos.wmo.int/site/global-climate-observing-system-
gcos/essential-climate-variables
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ECVs are identified based on the following 
criteria:

❑ Relevance:  The variable is critical for 
characterizing the climate system and its 
changes.

❑ Feasibility: Observing or deriving the 
variable on a global scale is technically 
feasible using proven, scientifically 
understood methods.

❑ Cost effectiveness: Generating and 
archiving data on the variable is affordable, 
mainly relying on coordinated observing 
systems using proven technology, taking 
advantage where possible of historical 
datasets.

To make practical use of the ECVs, 
guidance and best practices are 
needed to enable and support 
the generation of high-quality, 
traceable ECV data records
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Essential ocean variables 

Inspired by the positive impact that the definition of ECVs had in climate 
science, the Integrated Framework for Sustained Ocean Observing 
(FOO) suggested the organization of ocean monitoring activities around 
EOVs, to be defined by panels of experts.

To this aim, the IOC-UNESCO Global Ocean Observing System (GOOS) 
established three panels: 

Physics and Climate

Biogeochemistry

Biology and Ecosystems. 

The first two panels focus on abiotic variables and capitalize on existing 
technology that allows automated sampling (e.g. satellites and remote 
sensing in general). The Biology and Ecosystems (BioEco) panel was 
established in 2015 with the aim to prioritize biological EOVs. => bio-
eco EOVs
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GOOS BioEco panel prioritized a set of biological EOVs on the basis of three criteria as defined by the FOO: 

❑ Impact: relates to the ability of the EOV to signal changes in ocean status and trends in response to 
human activities;

❑ Scalability (or feasibility): is assessed in terms of the spatial and temporal scales at which variables 
have been examined in biological observing programmes. Scalability depends on costs, available 
technology and human capabilities and implies that EOVs can be implemented globally with existing 
technology and knowledge

❑ Social relevance: requires that EOVs must have direct connection with services that lead to societal 
goods and benefits which ocean biodiversity provides to humanity and must be able to inform policy 
decisions.
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❑ EOVs sort organisms around trophic levels and each EOV is further characterized by a set of sub-variables, derived 
products and supporting variables

❑ Sub-variables are quantities needed to calculate the desired EOV

❑ Many sub-variables correspond to the Essential Biodiversity Variables (EBVs) identified by the Group on Earth 
Observations Biodiversity Observation Network (GEO BON)

❑ Linking ocean EOVs and EBVs is essential to harmonize observations across the global ocean system and to 
assess progress towards the achievement of the United Nations (UN) Sustainable Development Goal (SDG) 14 
(Reynolds et al., 2018)

❑ It is now recognized that EBVs are subvariables of EOVs (Muller-Karger et al., 2018). 
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Essential biodiversity variables 

In 2013,  the Group on Earth Observations Biodiversity Observation Network (GEO BON) developed the framework of 
EBVs which groups 21 variables in six main classes, each representing a level of biodiversity organization.

(at least one EBV per class)

An ideal EBV should be:

❑ able to capture critical scales and dimensions of biodiversity
❑ biological
❑ a state variable (in general)
❑ sensitive to change
❑ ecosystem agnostic (to the degree possible)
❑ technically feasible, economically viable and sustainable in time
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Kissling et al., 2018
Training current future RI research staff: “Ship-based training initiatives in marine-related sciences”, ITINERIS’ EYES Expedition, 8-30 July 2025, RV Gaia Blu



14

Schmeller et al., 2018

EBVs would address a large range of conservation issues and contribute to a total of 15 of the 20 Aichi Biodiversity 
targets (https://www.cbd.int/sp/targets/) and are, hence, of high biological relevance.
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