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Essential Climate Variables (ECVs)

• are variables that are critical for characterizing the climate system and 
its changes

• provide the empirical evidence needed
… to understand and predict the evolution of climate
… attribute climatic events to underlying causes
… assess risks
… guide adaptation measures
… underpin climate services

• are defined by GCOS (the Global Climate Observing System)



Andreas Güntner  |   ECVs - an overview 3

Ø establish ECVs to distil a complex field of observations/observing 
systems into a manageable list of priorities, including guidance on 
requirements and best practices

GCOS – the Global Climate Observing System
Systematic observations under the UNFCCC
(the UN Framework Convention on Climate Change)
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Essential Climate Variables (ECVs)

Criteria for identifying ECVs:

• Relevance

• Feasibility

• Cost effectiveness

Bojinski et al. (2014): The concept of essential climate variables in support of climate research, 
applications, and policy. Bulletin of the American Meteorological Society, 95(9)
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Expert panels

GCOS – the Global Climate Observing System
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GCOS – the Global Climate Observing System

Key activities of the expert panels
• Identify ECVs and climate change 

indicators
• Define and revise ECV requirements
• Assess the adequacy of current 

observing networks (in situ, satellite-
based)
• Coordinate activities with other global 

observing systems and panels to 
ensure the consistency
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GCOS – the Global Climate Observing System

TOPC members act as

ECV stewards
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ECVs as a community effort

GCOS implementation plan 
(2022, 2016)

GCOS status report (2021)

Public consultations on the 
ECV requirements

(2020, 2017)
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GCOS implementation plan (2022, 2016)

• proposes how to implement the global 
observing system for climate, building 
on its current status and actions

• sets out the way forward for scientific 
and technological innovations for the 
Earth observation programs of space 
agencies and for the national 
implementation of climate observing 
systems and networks
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ECVs as a community effort

GCOS implementation plan 
(2022, 2016)

GCOS status report (2021)

Public consultations on the 
ECV requirements

(2020, 2017)
GCOS implementation plan (2016)
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Public consultations on the 
ECV requirements

(2020, 2017)

ECV fact sheets

storage
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Public consultations on the 
ECV requirements

(2020, 2017)

ECV fact sheets



Andreas Güntner  |   ECVs - an overview 15

ECVs as a community effort

GCOS implementation plan 
(2022, 2016)

GCOS status report (2021)

Public consultations on the 
ECV requirements

(2020, 2017)
GCOS status report (2021) 

• provides an overview of the 
adequacy of the observing system 
as a whole and assesses the status 
of each ECV

• expert review of the draft report is 
ongoing until April 2nd 2021, 
registration until March 26
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ECVs as a community effort

GCOS implementation plan 
(2022, 2016)

GCOS status report (2021)

GCOS status report (2021) – draft of action item progress
Gravimetry

GNSS

Expert review of report until April 2nd 2021
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ECVs as a community effort

GCOS implementation plan 
(2022, 2016)

GCOS status report (2021)

Public consultations on the 
ECV requirements

(2020, 2017)

Expert review of report 
until April 2nd 2021

Public review,
1st half of 2022
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Current status: 54 Essential Climate Variables (ECVs)
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ECVs – the (potential) contribution of geodesy

Essential Climate Variables

Satellite gravimetry

Satellite altimetry

Terrestrial gravimetry

Radio occultation

GNSS reflectometry

GNSS/VLBI

InSAR

Draft, please contribute!
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Essential Climate Variables (ECVs) Satellite altimetry
Lakes

Glaciers

Ice sheets

Sea level

Sea state 
(waves)

River 
discharge

Surface 
currents

Sea ice

derived 
quantity

direct 
observation
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Essential Climate Variables (ECVs)

derived 
quantity

direct 
observation

GNSS/VLBI tomography

Upper air water vapor

Precipitation

Surface water vapor
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Essential Climate Variables (ECVs)

derived 
quantity

direct 
observation

Radio occultation

Upper air 
temperature

Upper air 
water vapor
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Essential Climate Variables (ECVs) GNSS reflectometry

Lakes

Soil 
moisture

Snow

Sea level

Sea state

Sea surface 
salinity

Sea ice

Above-
ground 
biomass

Glaciers

Perma-
frost

Ice sheets Surface currents

Surface wind 
speed

Surface stress

derived 
quantity

direct 
observation
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Essential Climate Variables (ECVs) InSAR

Groundwater

Glaciers

Water use

derived 
quantity

direct 
observation
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Essential Climate Variables (ECVs) Terrestrial gravimetry
Lakes

Soil 
moisture

Ground-
water

Glaciers

Snow

Water use

Precipitation

Evaporation 
from land

Permafrost

derived 
quantity

direct 
observation

Total terrestrial water storage
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Essential Climate Variables (ECVs) Satellite gravimetry
Lakes

Soil 
moisture

Ground-
waterIce sheets

Glaciers

Snow

Sea level

Subsurface 
currents

Water use Precipitation

Surface 
currents

Evaporation 
from land

River 
discharge

derived 
quantity

direct 
observation

Total terrestrial water storage
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ECVs – the (potential) contribution of geodesy
Satellite gravimetry

Satellite altimetry

Terrestrial gravimetry

Radio occultation

GNSS reflectometry

GNSS/VLBI

InSAR

Essential Climate Variables

Thanks to Denis Dettmering, Kyriakos Balidakis, Henryk Dobslaw
and Jens Wickert for their inputs to these slides

Draft, please contribute!
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Essential Climate Variables (ECVs)

ECVs in the Hydrosphere

- River discharge

- Lakes

- Soil moisture

- Groundwater

- Evaporation from land

New: Terrestrial Water
Storage
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P: Precipitation
ET:  Evapotranspiration
Q:   Runoff 
DTWS:  Storage change

Continental water balance

P = ET + Q + ΔTWS

Total Water Storage (TWS) as a new ECV

Relevance
• Hydrological change on the

continents
• Closing the terrestrial

water balance
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GCOS implementation plan (2022)

Total Water Storage (TWS) as a new ECV

Public consultations on the 
ECV requirements

(2017)

GCOS implementation plan 
(2016)

Public review
1st half of 

2022
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ECV data products via Copernicus services

EU’s Earth observation 
programme Copernicus 
provides data sets for a 
larger number of ECVs.

But:
there is no product yet for
the ECV Groundwater.

This gap will be filled by G3P, 
the Global Gravity-based
Groundwater Product
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G3P receives funding from the European Union’s Horizon 2020 research 
and innovation programme under grant agreement nº 870353.


