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Guidelines for contributing to the GCOS Public Consultation on the ECV Requirements 

The guidelines provide experts with relevant, practical information for updating the ECV Product requirements 
for the GCOS Implementation Plan in 2022. Definitions for all requirements, and an example, are provided to 
assure consistency across all ECVs. The most significant improvements, compared to the 2016 Implementation 
Plan, are the mandatory provision of threshold and goal values (see below) and provision background 
information on the source and choice of each value which to ensure full transparency.  

1. ECV Products and their requirements 

ECVs are physical, chemical or biological variables that critically contribute to the characterization of Earth’s 
climate (Bojinski et al., 2014). ECVs are concepts and each ECV may be characterized by one or a group of ECV 
Products. For example, the ECV “lakes” is a concept and in order to characterize it, several ECV Products such 
as lake water level and lake colour are required to monitor the relevant climate aspects.  

ECV Product requirements are “user requirements” for climate information. Therefore, they are instrument-
agnostic: the requirements do not imply that any specific equipment should be used. Indeed, in some cases, 
the sum total of the observational capacities including different technologies, platforms and networks may be 
integrated to satisfy the criteria, which cannot be met by a single technology. 

The application for the requirements is climate monitoring, which includes: 

1. Climate System Monitoring, climate change detection and monitoring the impacts of and the 
response to climate change, especially in the terrestrial ecosystems and mean sea-level; 

2. Data for application to national economic development; 
3. Research towards improved understanding, modelling and prediction of the climate system. 

GCOS’s contribution to monitoring of, and for, climate adaptation is being considered separately by a GCOS 
Task Team and so adaptation needs, including early warning systems and similar applications shall not be 
considered in the review. 

2. Reviewing ECV Product Requirements 

For this open consultation the GCOS expert panels, in consultation with their communities, have reviewed the 
ECV requirements as presented in the annex A of the latest GCOS Implementation plan. As noted above, GCOS 
decided that additional information including goal and threshold values and more notes on the origin of the 
data should be included. An example of outcome of this effort is given in Table 1. A similar table is provided for 
each ECV product of each ECV in the forum established for this open consultation. 

Reviewers should consider the information provided for each ECV Product and provide comments in the forum 
for the open consultation. Table 1, and its associated notes, describes the information that should be included 
in the tables and includes both numeric and text information – both are essential. While not all cells are 
applicable to all ECV products, where relevant cells in the proposed tables in the forum are blank, reviewers 
are encouraged to supply suggestions to address these gaps. An example for a filled table is provided in 
section  3. 

In addition to the ECV product requirements are two questions which were agreed at the GCOS Joint Panels 
Meeting in March 2019, where it was decided to explore further if the ECVs are fit for monitoring extremes 
and to support adaptation. Therefore, for each ECV Product, the questions whether this product is relevant for 
adaptation and/or extremes should be answered, only a “yes” or “no” and a short explanation is needed. 
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Table 1 Information needed to define ECV Product Requirements. x = mandatory, y = if needed for vertical 
resolutions, o = optional. All the text fields are mandatory if a value is given. 

Name 
The names of ECV Products need to be clear and unambiguous. Check that the ECV Product 
name is unambiguous and is defined precisely and completely. If the ECV name is 
ambiguous propose a revised name. 

Definition 
A clear definition of the ECV Product that enables all readers to understand exactly what 
needs to be measured. The measurement units must be given (3). 

Unit SI units must be used. Customary units can be given in addition if this increases ease of use. 
Note  

Requirements 

Item needed 
Unit 
( 1) 

Metric  
( 2) 

Quality 
 (3) 

Value Derivation and References and Standards 

Horizontal 
Resolution ( 4)  

x x 
Goal  x 

Additional information to explain the choice 
of requirement. Each number has to be 
explained to make the choice of requirement 
understandable and traceable. May include 
links to other documents. 

Breakthrough  o  
Threshold  x  

Vertical 
Resolution (4) 

y y 
Goal y  
Breakthrough o  
Threshold y  

Temporal 
Resolution ( 5) 

x x 
Goal x  
Breakthrough o  
Threshold x  

Timeliness (6) x x 
Goal x  
Breakthrough o  
Threshold x  

Required 
Measurement 
Uncertainty (7) 

x x 
Goal x  
Breakthrough o  
Threshold x  

Stability (8) x x 
Goal x  
Breakthrough o  
Threshold x  

Standards and 
References 

Any general recognized standards and methodological references for the ECV Product 
should be provided here. 

Adaptation and Extremes 

 
Relevant? 
(Yes/No) 

Sugg. Req. 
sufficient? 
(Yes/No) 

Explanation 

Adaptation (9) x x  
Extremes ( 10) x x  

Notes: 

1) SI units must be used. Customary units can be given in addition if this increases ease of use. 
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2) The metric field can be used to more precisely define the parameters, and how they relate to the spatial 
and temporal resolutions. For example, is the requirement for a value at a point in time, an average over 
the specified period or an average of shorter periods (e.g. 10-minute values)? Does the requirement refer 
to a measurement at a spatial point or is it an average over an area, e.g. a pixel value? This may overlap 
with the definition given above. The usefulness of defining the uncertainty and stability metrics has been 
debated by the GCOS panels: while different ways of expressing uncertainty are used in some areas it has 
been argued that these are measurement technique specific and it should be possible to define 
uncertainty of products delivered to users in a uniform way. For the first stage of updating the 
requirements it is proposed that metric remains, and the usefulness of this item is reviewed again by the 
panels after the public review. 

3) In line with WMO’s Observing Systems and Capability Analysis and Review Tool (OSCAR, WMO, 2011) 
requirements and in order to allow flexibility for the design of observing networks, the requirements for 
each of these criteria, are provided by a minimum (threshold) and ideal (goal)values. Breakthrough values 
are optional intermediate values. 

Threshold:   The minimum requirement: the value that has to be met to ensure that data are 
useful. 

Goal: The ideal requirement above which further improvements are not necessary. This is 
likely to evolve as applications and technologies progress.    

Breakthrough: One or more values that enable additional uses within climate monitoring. The 
additional uses need to be described in the “derivation” section. 

4) The spatial resolution has two parts a horizontal and a vertical component which refer to the user needs. 
The vertical component is not applicable for all ECV Products. Increasing the resolution from the 
threshold to the goal values leads to more detailed information and may allow additional uses to be 
possible. If possible, the level at which these additional uses occur should be marked by breakthrough 
values. Some ECV Products may need additional text explanation how the resolution is defined, for 
example river discharge should be measured on rivers greater than x at the closest possible point to the 
mouth. Note that the resolution may vary by region, height or depth, to ensure adequate global coverage 
(e.g. where the parameter has little variation in some areas): in these cases, the different resolutions with 
ranges of applicability should be given.  

5) Temporal resolution is that needed by users. Increasing the temporal resolution leads to more detailed 
information and may allow additional uses to be possible. The level at which these additional uses occur 
should be marked by breakthrough values. Note that this may vary by region, depth or height, to ensure 
adequate global coverage (e.g. where the parameter has little variation in some regions): in these cases, 
the different resolutions with ranges of applicability should be given.  

6) Timeliness is the delay between the observation and the data being available, for example to support 
annual reporting of the state of the climate. This only applies to currently observations: there is value in 
rescued data as well, but this is not covered by this requirement. 

7) Uncertainty, in line with the International Vocabulary of Metrology (VIM, De Bièvre, 2012; International 
Bureau of Weights and Measures (BIPM), 2017) and the Guide to the Expression of Uncertainty in 
Measurement (GUM, International Bureau of Weights and Measures (BIPM), 2012), the required 
measurement uncertainty includes all quantifiable uncertainties. The uncertainty is considered the range 
within which the true state of the measurand will plausibly reside. Uncertainty should be expressed in 
units of two standard deviations. Note that uncertainty replaces the deprecated terms of accuracy and 
precision which, erroneously, implicitly pre-suppose that the true state of the measurand is known / 
knowable. 



  
 

10/01/2020 

8) Stability is defined as the maximum permissible cumulative effect of systematic changes of the 
measurement system to allow long-term climate records compiled from assorted measurement systems. 
If not stated differently, it is defined as maximum permissible percentage change per decade. In order to 
set the stability requirement, an approach frequently used is to use a percentage of the expected trends, 
chosen so that the expected trend is clearly detectable. 

9) Is the ECV Product directly relevant to support Climate Adaptation? 

10) Can the ECV Product be used to monitor climate extremes or aspects of extremes? 

3. Example 

The ECV Soil Moisture has four products: (1) surface soil moisture, (2) Root zone  soil moisture, (3) Surface 
Inundation and (4) Freeze/thaw. The following example shows the requirements for the ECV Product surface 
soil moisture. 

Table 2 Example of the proposed revision to the requirements of one ECV Product. This example is for Soil 
Surface Moisture, one of the four products that for the ECV Soil Moisture. 

Name Surface soil moisture (Also sometimes referred to as topsoil moisture, surface wetness, surface humidity) 

Definition 
The depth of the topmost soil layer is often only qualitatively defined as the actual sensing depth varies with 
measurement technique, water content, and soil properties and usually cannot be specified with any accuracy. 

Unit m3/m3 

Note 

Soil moisture refers to the average water content in the soil, which can be expressed in volumetric, gravimetric or 
relative (e.g. degree of saturation) units. All units can be inter-converted given the availability of soil property 
information (bulk density, porosity etc.), yet the use of the volumetric soil moisture content as the standard 
measurement unit is encouraged. 

Requirements 

Item needed Unit Metric  Q1 Value Derivation and References and Standards 

Horizontal 
Resolution  

km 
 

 
 G 1 

Needed to fully resolve highly-dynamic processes taking place at 
the land-atmosphere interface surface (convective rainfall, 
orographic effects, etc.) 

B 10 
Many climate and earth system models are moving to a grid size of 
10 km or finer. 

T 50 
This definition reflects a practical understanding of the boundary 
between climate science and other related geoscientific fields such 
as hydrology, agronomy, or ecology. 

Vertical Resolution 
N/A 

 

 
 

G 1 
For modelling bare soil evaporation and LST a very thin skin layer is 
required (See Dorigo et al., 2017, example from ECMWF) 

B   

T   

Temporal 
Resolution 

hours 
 

 
 G 6 

Needed to fully resolve highly-dynamic processes taking place at 
the land-atmosphere interface surface; Needed to depict the 
interplay between soil moisture, precipitation and evaporation 

B 24 Needed for closing water balance at daily scales 

T 48 
Important land-atmospheric processes are missed, but drying and 
wetting trends can be depicted. 

Timeliness 
 
 

 
 

G 1 week For climate communication and improved preparedness 

B 1 month 
To support the assessment of on-going extreme events (droughts, 
extreme wetness) 

                                                                 
1Goal (G); Breakthrough (B)(not mandatory, more as one possible); Threshold (T). 
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T 1 year For assessments and re-analysis 

Required 
Measurement 
Uncertainty 

m3/m3 
 

Unbiased 
root 

mean 
square 
error 

 

G 0.03 
More demanding goal is probably unrealistic due to high variability 
of soil moisture at small-scales due to changes in soil properties, 
topography, vegetation cover 

B 0.04 

Accuracy goal as first adopted for the dedicated soil moisture 
satellites SMOS and SMAP. Later adopted for GCOS, and 
reconfirmed at the 4th Satellite Soil Moisture Validation and 
Application Workshop (Wagner, W., T.J. Jackson, J.J. Qu, R. de Jeu, 
N. Rodriguez-Fernandez, R. Reichle, L. Brocca, W. Dorigo (2017) 
Fourth Satellite Soil Moisture Validation and Application Workshop, 
GEWEX News, 28(4), 13-14.) 

T 0.08 
This value traces back to the accuracy goals as specified for the 
SMOS and SMAP satellites designed for measuring soil moisture. 

Stability 

m³/m³ 
per 

reference 
period (> 
1 year) 

 

 
 

G 0.005 
This value still lacks justification in the scientific literature and 
needs to be critically assessed. 

B 0.01 
This value still lacks justification in the scientific literature and 
needs to be critically assessed. 

T 0.02 
This value still lacks justification in the scientific literature and 
needs to be critically assessed. 

Standards and 
References 

In the original table, explanations for the Required Measurement Uncertainty are provided here. 

Adaptation and Extremes 

 
Relevant? 
(Yes/No) 

Sugg. Req. 
sufficient? 
(Yes/No) 

Explanation 

Adaptation Yes No 

As soil moisture may change significantly within short distances due to changes in 
soil properties and topography, climate change adaption measures will have to 
take this fine-scale variability into account. Furthermore, the expansion of 
irrigation systems requires new approaches for monitoring. 

No, in particular the requirements for the spatial resolution would have to be 
pushed beyond the current goal value of 1 km, e.g. to 100 m. 

Extremes  Yes Yes 

Soil moisture is highly relevant for monitoring of hydrometeorological extremes 
such as floods and droughts, etc. 

for the dry end, but not for wet extremes. In particular for very fast events such as 
intense precipitation and flash floods the requirements for the temporal sampling 
should be pushed beyond the goal value of 6 hours, i.e. to 1 hour. 
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