
QA4EO consists of one essential principle: 
‘Data and derived products shall have 
associated with them a fully traceable 
indicator of their quality’  
[2, p. 4] , and is supported by seven key 
guidelines. Further detailed guidelines 
and best practices addressing specific 

subject areas have also been developed by, 
and in consultation with, experts in those 

respective communities. QA4EO has been 
created by CEOS WGCV in conjunction with 

the broader EO community
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The Quality Assurance framework for Earth Observation (QA4EO) is a Committee 
for Earth Observation Satellites (CEOS) Working Group on Calibration and 
Validation (WGCV) contribution to the Group on Earth Observations (GEO) vision 
for a Global Earth Observation System of Systems (GEOSS). 

The role of GEOSS is to provide international coordination 
of current and future disparate Earth Observation 
(EO) sensors to create a harmonised, gap 
free ‘system-of-systems’ [1] that can deliver 
comprehensive and timely information 
products on a global scale. GEOSS is 
intended to support the dissemination 
of information and software to aid 
GEO’s nine societal benefit areas 
(SBAs): disasters, health, energy, 
climate, agriculture, ecosystems, 
biodiversity, water and weather. 

QA4EO is a relatively new entity based on the voluntary contributions of scientists 
working in calibration and validation (cal/val) areas. As such, the main focus during its 
developmental phases the past couple of years has been to promote the uptake of the 

QA4EO principles and promotion of the QA4EO name. Currently, QA4EO is widely 
known among CEOS agencies and is increasingly recognised in broader 

cal/val communities particularly in Europe where ESA has supported 
a number of projects directly associated with the QA4EO name. 

However, effort is being expended to promote QA4EO 
outside of these to the full EO community such that, with 

consultation from the experts in these fields, further 
community-specific Good Practice Guidelines (GPGs) 

may be produced and disseminated.

The QA4EO website (www.qa4eo.org) forms the repository for all Good Practice 
Guidelines (GPGs), QA4EO related material and links to relevant websites. A recent 
initiative to update the website has recently been completed so that it can start to 
form the basis of a practical tool for the community in conjunction with the CEOS 
CalVal Portal (http:calvalportal.org).The concept of a QA4EO case study was set 

out as a method of promoting work consistent 
with QA4EO principles. The basic premise is 
that, depending on the level of detail, a QA4EO 
representative or the author can provide a 
short write-up of a piece of work that shows 
application of, or progression towards the 
underlying QA4EO principle. 

In time, it is our aim that authors will strive to 
have their work summarised as a QA4EO case 
study. This will provide them with appropriate 
recognition to aid future projects and funding 
by raising awareness of its value to appropriate 
agencies and organisations. 

With this in mind, case studies are written 
according to varying degrees of detail accessible 
to different audience types:

D'Odorico et al. (2013) Intercomparison of fraction of absorbed photosynthetically active radiation products derived from satellite data over Europe. 
Remote Sensing of Environment, 142: 141-154.  

Intercomparison of remote sensing derived fAPAR datasets  

 

Level 1 
 

Key points: 
 Ecosystem modellers and end-

users have a choice of several glob-
al fAPAR datasets, which can signif-
icantly differ in magnitudes and 
distribution of values. 

 An intercomparison and uncertain-
ty analysis of three remote sensing 
derived FAPAR datasets over Eu-
rope for the period 2009-2011 
should help to identify and quantify 
differences. 

 Findings show highest disagree-
ment in the north-eastern part of 
Europe characterised by boreal 
forest regions and transition re-
gions to the tundra biome. Uncer-
tainties show similar distributions 
but significantly differed in their 
magnitudes. 

Executive summary 
The Fraction of Absorbed Photosynthetically Active Radiation (fAPAR) is one 
of a few remote-sensing derived Essential Climate Variables (ECV) which 
were designated by the UNFCCC and the IPCC for global systematic observa-
tion. Its importance stems from its critical role in the energy and carbon bal-
ance of ecosystems.  
A number of global fAPAR datasets, obtained using different approaches, 
have been available for several years. Thus, ecosystem modellers and end-
users are faced with a choice between similarly defined products that are 
not always equivalent.  
The authors performed a spatiotemporal intercomparison and uncertainty 
analysis of three remote sensing fAPAR products, over Europe, for the peri-
od 2009-2011, in order to document existing differences among datasets. 
This intercomparison also represents an important starting point for any 
validation endeavour, identifying regions requiring investigation in the field. 

The study covered the contermi-
nous European continent, however 
the methodology and the majority 
of findings are transferable to the 
global scale. A period of three me-
teorologically representative years 
(2009-2011) were considered in 
the analysis. 
Scientists of the Joint Research 
Centre (JRC) of the European Com-
mission and of Boston University, 
responsible for each product, were 
involved in the research and pro-
vided useful contributions for the 
analysis of the data and the inter-
pretation of results.  
The study findings are relevant for 

ecosystem modellers using fAPAR 
as one of their input datasets, end-
user relying on fAPAR maps for 
interpretation of, or correlation 
with, other data and validation 
teams going into the field to assess 
products’ accuracy. 
The three investigated global 
fAPAR products are: (i) the JRC-TIP 

(Joint Research Centre Two-stream 
Inversion Package) fAPAR derived 
from the Moderate-resolution Imaging 
Spectroradiometer (MODIS), (ii) the 
ESA/JRC fAPAR obtained using the 
MEdium Resolution Imaging Spectrom-
eter (MERIS) Global Vegetation Index 
(MGVI), and (iii) the Boston University 
fAPAR derived from MODIS.  

The differences and similarities evi-
denced by the intercomparison suggest 
that algorithm assumptions are likely 
to have greater influence than product 
definitions, sensor characteristics and 
input data on the fAPAR retrievals. The 
findings suggest that differences in 
absolute values and inconsistencies in 
uncertainty representation among 
fAPAR products are still too high for 
these products to be reliably fed into 
existing biogeochemical process mod-
els (BPMs) or used interchangeably 
across applications. Standardization 
frameworks quantifying the impact of 
different radiative transfer formula-
tions on the estimation of biophysical 
variables, independent uncertainty 
estimation methods and well-defined 
ground measurement protocols, need 
to be put in place before fAPAR prod-
ucts can be reliably fed into existing 
BPMs.  

For more information on QA4EO please contact the QA4EO Secretariat (niall.origo@qa4eo.org) 

For more information on this please contact 
Petra D’Odorico (petra.dodorico@geo.uzh.ch) 

Figure 1. a) the JRC-TIP (Joint Research Centre 
Two-stream Inversion Package) fAPAR derived 
from the MODIS, b) the Boston University fAPAR 
derived from MODIS, c) the difference fAPAR map 
between a) and b). Datasets are for July (monthly 
composite) 2011 . 

Widlowski et al. (2008) RAMI On-line Model Checker (ROMC): A web-based benchmarking facility for canopy reflectance models. Remote 
Sensing of Environment, 112: 1144-1150  

RAdiative transfer Model Intercomparison (RAMI) 

 

Level 1 
 

Key points: 
 RAMI provides a platform for the sys-

tematic, open and fair comparison of 
canopy RT models with particular 
focus on the accurate representation 
of the underlying physics. 

 RAMI documents the performance 
and consistency of RT models (e.g. 
energy conservation and absolute 
bias).  

 RAMI builds ‘surrogate truth’ datasets 
from the simulations of “credible” RT 
models. These serve as a reference 
standard in a web-based model 
benchmarking facility.   

Executive summary 
The European Commission funded RAdiative transfer Model 
Intercomparison (RAMI) exercise is designed to systemati-
cally assess the quality of canopy radiative transfer (RT) 
models that are used, for example, in the development of 
satellite retrieval algorithms for biophysical essential cli-
mate variables (ECVs). The purpose of this effort is to docu-
ment the quality of canopy RT models in order to benefit 
their development, provide users with fitness-for-purpose 
information and allow a means of justifying their usage in 
research projects and proposals.  

Modelling the transfer of radiation 
through vegetation canopies is es-
sential for understanding the radia-
tion balance at the Earth’s surface. 
Such information can ultimately be 
used to quantitatively assess vegeta-

tion health and chemical cycles (e.g. 
carbon, nitrogen, etc.) as well as in 
the design of retrieval algorithms 
and vegetation-focused satellite mis-
sions. 

The complexity of vegetated ecosys-
tems means that neither the various 
input parameters required by cano-
py RT models nor the ‘true value’ of 
their simulated quantities can be 
measured accurately in the field. 
Compounding this is a lack of dis-
tinct validation criteria for develop-

ers and fitness-for-purpose information 
for users. The RAMI project overcomes 
these limitations by creating synthetic 
plant environments where the structural 
and spectral characteristics as well as 
the incoming radiation properties are all 
specified. Special care is taken to include 
test cases for which analytical reference 
solutions (i.e. the truth) are available. 
The models are tested in a number of 
exercises in which they simulate param-
eters of interest (e.g. albedo, reflectance, 
etc.) based on the specified canopy sce-
narios. The results of these exercises are 
collected, analysed and published in the 
scientific literature. 

RAMI provides information which may 
be used to select models based on their 
ability in different test scenarios, as well 
as giving feedback to the creators of the 
models as to where improvements 
should focus on. Since its inception, RA-
MI has identified a series of “credible” 3D 
RT models, developed a “surrogate 
truth” reference dataset, pioneered the 
use of ISO standards for model verifica-
tion, and built a web-based benchmark-
ing facility for the autonomous and quasi
-real time verification of canopy RT mod-
els.   

For more information on QA4EO please contact the QA4EO Secretariat (niall.origo@qa4eo.org) 

For more information on RAMI please 
contact Jean-Luc Widlowski (jean-
luc.widlowski AT jrc.ec.europa.eu) or 
visit  http://rami-
benchmark.jrc.ec.europa.eu/. 

Figure 1. Timeline of RAMI activities; 
2007 saw the introduction of RAMI 
Online Model Checker (ROMC) in 
which users can debug or validate 
their models. 

Gorroñ o, J. & Gascoñ, F. (2013) Sentinel-2 Radiometric Uncertainty Tool. Iñ: Proc. of the  2013 ESA Liviñg Plañet Symposium, 9– 13 Sept. 
2013 Ediñburgh, UK, Europeañ Space Ageñcy. 

ESA Señtiñel-2 Radiometric Uñcertaiñty Tool 

 

Level 1 
 

Key points: 
 Uses a model of the iñstru-

meñt añd processiñg chaiñ to 
obtaiñ uñcertaiñty estimates. 

 Provides the level 1C radio-
metric uñcertaiñty per pixel 
añd associated metadata. 

 Reduces the amouñt of data 
that ñeeds to be trañsmitted 
to Señtiñel-2 users. 

Executive summary 
The ESA Señtiñel-2 Radiometric Uñcertaiñty Tool (S2-RUT) 
was developed iñ order to documeñt añd characterise the 
radiometric uñcertaiñty of Señtiñel-2 level 1C products (top-
of-atmosphere (TOA) orthorectified radiañce/reflectañce). 
The purpose of this is to allow Señtiñel-2 data users to ob-
taiñ radiometric uñcertaiñty estimates (per pixel) retrospec-
tively, thereby reduciñg the amouñt of data trañsmitted to 
the user.  

To eñsure traceability of the fiñal 
product, kñowledge of both the 
iñstrumeñt calibratioñ, charac-
terisatioñ añd the full processiñg 

chaiñ are required to provide a 
fiñal, cumulative uñcertaiñty. 

Iñ receñt years there has beeñ a 
move away from global uñcer-
taiñty estimates; users ñow re-
quire per-pixel uñcertaiñty val-
ues. The S2-RUT provides this 
through modelliñg of the iñstru-
meñt añd processiñg chaiñ. The 

model uses best practice methodolo-
gies set out iñ the Guide to the ex-
pressioñ of Uñcertaiñty iñ Measure-
meñt (GUM) añd QA4EO guideliñes. 
For each of the steps, the maiñ uñ-
certaiñty coñtributioñs have beeñ 
estimated. A fiñal value per pixel is 
provided as the combiñatioñ of all 
the uñcertaiñty sources. 

The prototype tool has beeñ de-
sigñed for the data processors añd 
data users alike.  The tool is flexible 
añd cañ be coñfigured to iñcorporate 
differeñt levels of uñcertaiñty (if 
ñew iñformatioñ is made available). 
Añother issue with per-pixel uñcer-
taiñty estimates is the volume of 
data produced. The S2-RUT allows 
this to be reduced through pro-
cessiñg of specific bañds. Iñ additioñ, 
future improvemeñts, such as coñ-
sideratioñ of the locatioñ of the pixel 
iñ the señsors field-of-view (by iñ-
corporatiñg the effect of the 
resampliñg), have beeñ suggested 
for the ñext iteratioñ. 

For more iñformatioñ oñ QA4EO please coñtact the QA4EO Secretariat (ñiall.origo@qa4eo.org) 

For more iñformatioñ oñ the S2-RUT 
please coñtact Ferrañ Gascoñ 
(ferrañ.gascoñ@esa.iñt) 

Figure 1. Señtiñel-2 level 1C reflec-
tañce product derived from syñ-
thetic data. Top shows bañd 9 re-
flectañce, the bottom shows the 
resultañt uñcertaiñty image. 
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QA4EO case studies are only intended as 
promotional pieces – the ownership and 
responsibilities of the original work remains 
with the author(s). Current case studies can 
be found at www.qa4eo.org/case-studies.

Implementation of the GEO vision for GEOSS is dependent  
on two key data principles:  1.  Accessibility/availability  2. Suitability/reliability

Types

Software/
method

Policy/ 
initiative

Dataset

Level 1

One page; 
policy /  
management 
audience; 
non-technical 
summary

Level 2

Two page; 
scientific 
community 
interested in 
a data quality; 
technical

Level 3

> 2 pages; 
scientific 
community 
interested 
in particular 
application; 
technical

QA4EO is:

One essential principle

Seven key guidelines

Producing and updating guidelines 
and documentation based on EO 
community consensus

QA4EO is not:

A certification body

A top down framework or seeking to 
apply bureaucratic processes

A set of formal standards that  
would limit innovation of technology/
methods

NEED 
FOR QA & QA4EO

International society has become steadily more reliant on EO data 
and has recognised that in order to get the best out of EO technology, 
a harmonised, interoperable ‘system of systems’ (SoS) is needed. In this 

guise, a SoS seeks to provide data for a plethora of questions at a variety of 
scales, transcending the individual focus of current parts. To do this, detailed 

information on the quality and performance characteristics of each instrument and 
measurement must be available. 

The quality of the calibration of individual instruments ultimately defines the quality 
of the downstream applications; for space-based sensors this is problematic since it 

cannot be guaranteed that the harsh launch and operating environment have not altered 
the measurement setup [3]. As this is the case for all space-based EO sensors, validation 

(against an independent reference) of downstream products must be undertaken.

The importance of quality assurance (QA) is well-known but relatively understated 
(at present) in a number of EO applications. QA4EO addresses this issue in three 
ways: 1) highlighting the work of individuals and groups that is consistent with 

QA4EO’s principles, 2) letters of support for funding applications largely or 
completely involved in QA activities, and 3) through the general promotion 

of the importance of a harmonised approach to QA to scientific and 
non-scientific audiences. QA4EO also seeks to take on the role of 

coordinating the sharing and development of cal / val best 
practice for obtaining, documenting and assessing 

QA information. 
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