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Introduction – Why to define Essential Variables?

Essential Variables: Variables that are capable of describing and monitoring the 

climate (ECVs), the oceans (EOVs) and geodetic properties of the Earth (EGVs) 

in a systematic and sustainable way.

▪ Encourage scientists and observing systems to put more emphasis to these 

variables.

▪ Stimulate engagement of national and international organizations and 

funding agencies to support provision of these variables.

▪ Help decision makers to commit the support of systematic and sustained 

Earth observation with satellites and Earth-based systems.

▪ Support UN-GGCE (United Nations Global Geodetic Centre of Excellence), and 

GEO Societal Benefit Areas (SBAs) as well as UN Sustainable Development 

Goals (SDGs).
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Introduction – Who defines Essential Variables?

▪ First Essential Variables have been defined by the Global Climate 

Observing System (GCOS) in 2011: 55 Essential Climate Variables 

(ECVs) have been defined so far.

▪ Global Ocean Observing System (GOOS) follows in 2014: 31 Essential 

Ocean Variables (EOVs) have been defined so far.

▪ Global Geodetic Observing System (GGOS) is working on the definition 

of Essential Geodetic Variables (EGVs) as Contribution of Geodesy 

to Earth Observation.

▪ Under the GGOS Bureau of Products and Standards (BPS) the 

Committee on Essential Geodetic Variables has been established 

(Chair since 2023: Thomas Gruber following Richard Gross).
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Why to define Essential Geodetic Variables?

▪ Geodesy provides a large number of products that are essential for Earth observation 

and for many tasks of modern society (e.g. positioning, navigation, timing, engineering, 

land and resource management, and many other geospatial applications).

▪ So far, however, these products suffer from a lack of visibility for the global society 

and in some cases, they are also not easy to understand for non-experts.

▪ Geodesy as a discipline is also not well known to the public and therefore, there is a 

need to better promote these geodetic products.

▪ EGVs are designed to ensure the sustainability of the Global Geodetic Supply Chain

for product generation and Earth system monitoring.

© UN-GGCE, Hidden Risk Report, 2024

Global Geodesy Supply Chain
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White Paper – Definition of Essential Geodetic Variables
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Classification and Criteria of Essential Variables (ECVs, EOVs, EGVs)

Levels of EGVs:

▪ Level 0: Calibrated instrument data

▪ Level 1: Earth observation data based on agreed standards

▪ Level 2: Products determined from a combination of data

▪ Level 3: High-level accumulated products
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List of proposed EGVs

18 EGVs in total

▪ Level 3: 14

▪ Level 2: 4

Domain

▪ Global: 6

▪ Land/Ocean: 3

▪ Land: 5

▪ Ocean: 4

Subdomain

▪ Geometric: 7

▪ Physical: 6

▪ Geometric/Physical: 5

EGVs and GCOS/GOOS

▪ 8 EGVs linked to ECVs

▪ 3 EGVs linked to EOVs



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 8

Description of Essential Geodetic Variables
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Description of Essential Geodetic Variables
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Geodetic Products associated to the EGVs

UN-Resolution 2015 (A/RES/69/266)

Global Geodetic Reference Frame

for Sustainable Development 

EGV: Global Reference Frames

▪ CRF Celestial Reference Frame

▪ GRF Gravity Reference Frame

▪ HRF Height Reference Frame

▪ TRF Terrestrial Reference Frame
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Geodetic Products associated to the EGVs

UN-Resolution 2015 (A/RES/69/266)

Global Geodetic Reference Frame

for Sustainable Development 

© ESA

© ESAEGV: Earth Orientation Parameters

▪ CPO Celestial Pole Offset

▪ LOD Length of Day

▪ PM Polar Motion

▪ UT1 Universal Time

EGV: Global Reference Frames

▪ CRF Celestial Reference Frame

▪ GRF Gravity Reference Frame

▪ HRF Height Reference Frame

▪ TRF Terrestrial Reference Frame



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 12

Geodetic Products associated to the EGVs

EGV: Regional Reference Frames

▪ RGRF Reg. Gravity Reference Frame

▪ RHRF Reg. Height Reference Frame

▪ RTRF Reg. Terrestrial Reference Frame

▪ VDP Vertical Datum Parameter

EGV: Earth Orientation Parameters

▪ CPO Celestial Pole Offset

▪ LOD Length of Day

▪ PM Polar Motion

▪ UT1 Universal Time

EGV: Global Reference Frames

▪ CRF Celestial Reference Frame

▪ GRF Gravity Reference Frame

▪ HRF Height Reference Frame

▪ TRF Terrestrial Reference Frame

© ESA

UN-Resolution 2015 (A/RES/69/266)

Global Geodetic Reference Frame

for Sustainable Development 

© ESA
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Contribution of Geodetic Products to the EGVs
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Contribution of Geodetic Products to the EGVs

Earth Orientation Parameters

− CPO: Celestial Pole Offsets

− LOD: Length of Day

− PM: Polar Motion

− UT1: Universal Time
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Contribution of Geodetic Products to the EGVs

Earth Orientation Parameters

− CPO: Celestial Pole Offsets

− LOD: Length of Day

− PM: Polar Motion

− UT1: Universal Time

Global Reference Frames

− CRF: Celestial Reference Frame

− GRF: Gravity Reference Frame

− HRF: Height Reference Frame

− TRF: Terrestrial Reference Frame
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Contribution of Geodetic Products to the EGVs

Earth Orientation Parameters

− CPO: Celestial Pole Offsets

− LOD: Length of Day

− PM: Polar Motion

− UT1: Universal Time

Global Reference Frames

− CRF: Celestial Reference Frame

− GRF: Gravity Reference Frame

− HRF: Height Reference Frame

− TRF: Terrestrial Reference Frame

Regional Reference Frames

− RGRF: Reg. Gravity Reference Frame

− RHRF: Reg. Height Reference Frame

− RTRF: Reg. Terrestrial Reference Frame

− VDP: Vertical Datum Parameter
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Contribution of Geodetic Products to the EGVs

▪ TRF: Terrestrial Reference Frame 



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 18

Contribution of Geodetic Products to the EGVs

▪ TRF: Terrestrial Reference Frame

▪ GGM: Global Gravity Field Model

▪ GSO: GNSS Satellite Orbits

▪ RTRF: Regional Terr. Ref. Frame
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Contribution of Geodetic Products to the EGVs
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Status on the definition of Essential Geodetic Variables

▪ In January 2025, the White Paper “Definition of EGVs” has 

been published at zenodo: 

https://doi.org/10.5281/zenodo.14619439.

▪ The document has been reviewed by the GGOS Science 

Panel and GGOS Governing Board members (valuable 

comments and suggestions received, feedback incorporated).

▪ Early this year, the revised document has been sent to the 

IAG Executive Committee members and the UN-GGCE team.

▪ Feedback from several IAG EC members and UN-GGCE 

team received (Nick and Liubov reviewed the document and provided 

valuable comments and suggestions).

▪ The revision of the document is under way.
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The way forward …

▪ A broader public review will be initiated, taking into account relevant stakeholders and 

the global geodetic community to achieve a general consensus on the EGV definition.

▪ Defining specific requirements to be met by the geodetic products to support the 

assessment of the EGVs; identification of stewards for the EGVs.  

▪ Work with other IAG components and relevant stakeholders, including the UN-GGCE, 

to define requirements and promote EGVs; fact sheets and policy briefs for EGVs. 

▪ Interact with GEO and the other Earth observing systems (GCOS, GOOS).
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Thank you

Your feedback is greatly appreciated

Please feel free to contact me if you have any 

comments and/or suggestions

You can also send your feedback to the GGOS 

Coordinating Office (co@ggos.org) 

Detlef Angermann - detlef.angermann@tum.de


