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• The Group on Earth Observations 
(GEO)’s  (founded 2002) Global Earth 
Observation System of Systems 
(GEOSS) must deliver comprehensive
“knowledge / information products” 
worldwide and in a timely manner to 
meet the needs of its nine “societal 
benefit areas”.

• This will be achieved through the 
synergistic use and combination of 
data derived from a variety of sources 
(satellite, airborne and in-situ) through 
the coordinated resources and efforts 
of the GEO members.

• Achieving this vision (2015) requires 
the establishment of an operational 
framework to facilitate interoperability 
and harmonisation.    Fundamentally, 
requires an unambiguous, consistent 
“quality indicator / metric”.

“Community” requirement

All themes, all applications, all “levels”:

Measured data and all processes leading
to Knowledge/information 
products are in scope 
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analysis
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Confidence?

Guarantee ?
Guidance (Evidence)

Trust ?

- Process / Effort only needs to be “fit for purpose” – depends on criticality of decision
- Ideally consider ALL potential decisions / uses
- What is the meaning of a result without an uncertainty/confidence statement?
- Can be based on a guess

- Does NOT necessarily require “best quality”/ Low uncertainty only knowledge of 
what it is?

- Supplier provides information & Evidence of “quality” in an understandable manner
- “User”  (Customer) assesses suitability  for their application

(can take independent advice)

Why a Quality indicator?
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Key Definitions: Simplified
 Accuracy – a qualitative term describing the closeness of the agreement of 

the result of a measurement with the “true” value 

 Error – difference from a “true” value or a “bias” can often be corrected for.

 Uncertainty – how well we believe we know the value
 “Type A” or random – statistically determinable by experiment
 “Type B” – any other means of estimating uncertainty (can be 

educated guess)

 Quality Indicator (QI) – an indicator of performance or quality of the result 
of a process/activity derived from an uncertainty estimate but can be a text 
descriptor / flag / numeric value.   Can be binary

 Traceability (metrological) – documented evidence of  uncertainty of the 
result of a process to a community agreed “reference standard” through 
comparison

 Traceability (document link) – Archived and accessible, complete 
documentary linkage of all steps in a process chain tied to a result 
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Key Definitions: Simplified
 Standard (reference) – “reference” against which performance can be 

determined

 Repeatability (Precision) - Closeness of agreement (statistical) of a 
set of measurements taken under the same defined conditions

 Reproducibility – Closeness of agreement (statistical) of a set of 
measurements of  the same entity under changed but defined 
conditions

 Calibration – Establishes a relation (quantitative link) and associated 
uncertainty of a measurement result with a defined reference 
standard.

 Validation – Verification that a “result” is consistent with “reality” or 
meets its specified requirements as determined by some independent 
means 

Formal Definitions from ISO guide “Vocabulary for International 
Metrology” (VIM)  ISO99:2007
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Terminology:Issue
 Many use error instead of Uncertainty  - Very different

Can correct for an error – uncertainty is how well we think we
know the answer

 Traceability often thought of as:  “I bought a standard so I am 
traceable”

 Different countries, groups and communities use different names 
for similar things 
- and/or same name for different things (sometimes originating 
from subtleties in translation)

 We need to establish a common dictionary and encourage its 
use across communities 

- or at least be sure we clearly define our meaning in context of 
use. 



7

Geo Task

DATA Management:

DA-09-01a:  GEOSS quality assurance strategy Co leads: CEOS & IEEE

“Develop a GEO data quality assurance strategy and implementation 
process, beginning with space-based observations and expanding to in-
situ observations taking account of existing associated GEOSS QA 
work, and including the quality issues of Earth Observation information 
products”

“….It is proposed that GEOSS data set registration include QA 
information to enable harmonisation and interoperability, which during 
the transitional phase could be a voluntary self declaration of 
compliance with QA4EO and/or at least its underlying principles.” 
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V4.0
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 QA4EO Principle 
 

Data and derived products shall have associated 
with them a fully traceable indicator of their quality 

Quality Indicator 
 

A Quality Indicator (QI) shall provide sufficient 
information to allow all users to readily 

evaluate the “fitness for purpose” of the data 
or derived product 

Traceability 
 

A QI shall be based on a documented and 
quantifiable assessment of evidence 

demonstrating the level of traceability to 
internationally agreed (where possible SI) 

reference standards 

• Supported by set of seven key guidelines – including templates
• some community specific derived from above
• some technical procedures/best practises

• Based on formal quality management systems and MRA 
http://www.bipm.org/en/cipm-mra/

• BIPM site has database with results of all comparisons & peer reviewed 
uncertainties for most measurement services ~ 5000 
•- many activities are already compliant - QA4EO facilitates harmonisation

http:QA4EO.org

Quality Indicator 

(QI)
Traceability 
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Data Quality
All data and derived products must have associated with them a Quality 
Indicator (QI) based on documented quantitative assessment of its 
traceability to community agreed reference standards.  This requires all steps 
in the data and product delivery chain (collection, archiving, processing and 
dissemination) to be documented with evidence of their traceability.

Traceability: property of a measurement result whereby the result can be related to a 
reference through a documented unbroken chain of calibrations, each contributing to the 
measurement uncertainty (ISO guide 99:2007)

Note:  A RESULT has NO MEANING without an associated UNCERTAINTY (can be a guess)

supported by a set of 7 QA4EO Key- Guidelines:
• are intended to be generic in scope to cover all EO data-related activities

• Provide guidance (and indicative templates) on how to establish a QI 
and the means to obtain and document associated evidence.

• Encourage / anticipate community specific interpretations

• Need to be supplemented by community/organisation specific 
“best practises” or “procedures” (operational in nature). 

• Based on formal quality management systems
(Does not seek to replace, only complement existing QA standards 
procedures, most are fully consistent with QA4EO principles)
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Data Quality guidelines: QA4EO-QAEO-GEN-DQK-….
…001:  A guide to establishing a Quality Indicator on a satellite sensor derived 
data product   Definition of requirements (space example)

…002   A guide to content of a documentary procedure to meet the Quality 
Assurance requirements of GEO  Template to ensure all information is 
documented

…003   A guide to “reference standards” in support of Quality Assurance 
requirements of QA4EO   What is a standard for different situations

…004   A guide to comparisons – organisation, operation and analysis to 
establish measurement equivalence to underpin the Quality Assurance 
requirements of QA4EO  Best form of evidence - advice based on “best practise 
from NMIs 

…005   A guide to establishing validated software, algorithms and models to 
underpin the Quality Assurance requirements of QA4EO   Links to other QA 
guidance docs

…006   A guide to expression of uncertainty of measurements   Link to ISO GUM

…007   A guide to establishing quantitative evidence of traceability to underpin 
the Quality Assurance requirements of QA4EO   Types of evidence that  

communities might find 
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Guideline aims
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Documenting evidence: QA4EO-QAEO-GEN-DQK-002

Commonality of Content (minimum)/ format (QA4EO TEMPLATE)
- simplifies development and transferability
- ensures a minimum set of key information (quality parameters) a “checklist”
- Enables easy review and development into “best practise”
- Not just a procedure of how to do but also a report of what was done
- Can be a ppt, video, set of bullets ….         ”level to be appropriate to need”

Content
Identifier (ref number / authority etc)

Description of task (Scope)
- requirements/aims/objectives
- inputs
- outcomes (including performance indicators e.g.accuracy
- means to evaluate results (test plan with identified ref “standards”)

Method to carry out activity (greater detail for protocol)

Results and evidence of traceability

Uncertainty table (key components in a template)
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STANDARDS: World stds 
day Oct 14 
"In today's world we need to have a high 
level of expectation that things will work 
the way we expect them to work. We 
expect that when we pick up the phone 
we will be able to instantly connect to 
any other phone on the planet. We 
expect to be able to connect to the 
Internet and be provided with news and 
information… instantly. When we fall ill, 
we rely on the healthcare equipment 
used to treat us. When we drive our 
cars, we have confidence that the engine 
management, steering and braking, 
and child safety systems are reliable. We 
expect to be protected against electrical 
power failure and the harmful effects of 
pollution.”

"International standards give us this 
confidence globally."
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“Reference standards”: uses (QA4EO-QAEO-GEN-DQK-003)

Functional testing
- can be simple, not formally calibrated
- for components/sub-systems
- internal consistency
- specified by service provider

Performance testing (e.g. to a specn)
- needs some characterisation, ideally 
calibrated traceably
- Specified by provider, funder,
- for components sub-systems
- independent operation
- could be considered a calibration

International harmonisation/bias correction
- internationally / community agreed
- Well characterised (and non bias inducing)
- if assigned a value ideally SI traceable
- accessible, relatively few, 
- test “systems”
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How many yellow Butterflies in south west 
England?  Compared to south East?Absolute 
number?

• Define a Requirement – How well do we want to know the result?

• How will we get the info?  Use volunteers to count them &

• Define a procedure to be sure everyone counts the same thing in the same way 

•- time and area of observation, method of observing and recording, photo, 

• How do I QA the process - Mrs Jones is equivalent in counting to Mrs Smith

• Mrs Smith and Mrs Jones swap locations

• Compare Mrs Smith and Mrs Jones with similar observers in similar area

• Bring them together to observe the same area, have a “standard video” as 
a control

• Only use averages of a large number of observers

• …..

• Determine an uncertainty for the method and results based on variances?

• Publish result, together with statement of uncertainty and where the procedure 
can be found 
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Gdln …..DQK-007:  “Establishing evidence”

 QA4EO process designed to allow organisations to demonstrate validity 
and reliability of a QI in a transparent and efficient manner
 Allowing “customer” / user to have confidence (without checking)

 Emphasises that type of evidence required is “fit for purpose”

 Stake holders of Community  define what is acceptable
 Regulatory impact may require independent audit
 Comparisons (concept of key comparisons)
 Following standard procedures
 Peer review
 ISO or standards

 Is a place holder and pointer for the community to define “satisfactory 
evidence”   

 Provides a framework to encourage how this evidence will be defined, 
agreed and made visible to the specific and GEO community.

 Needs infrastructure to facilitate practical implementation
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Summary
The Data Quality Guidelines:-
 Are to aid EO communities

 Not compulsory
 Unless specified as requirement
 Make it easier to specify a QA process

 Allow a QI to be propagated through complete process chain
 For complex processes may ideally lead to a “software model”

 Facilitate transparency and consistency (international)

 Require detailed procedures etc based upon them

 Can and will evolve

 Serve as an educational framework

 Need to be translated & require training in use for specific EO communities

 Require some infrastructure/coordination
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Progress:  Many now recognise 
criticality of data quality 
– challenge to have a harmonised, 
but flexible process
 Inclusion/adoption in other GEO tasks/themes 

workplans
 Architecture and Data
 Capacity building
 Science and Technology (Geo Label)

 ISO standards (space)
 Space other agencies

 ESA
 NASA
 WMO  (CIMO framework already more than compliant)
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QA4EO implementation
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TBD
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Possible QA4EO compliancy questionnaire: 
for Geo datasets

Q1 - Is the data set fully 
consistent with the QA4EO 

framework and key 
guidelines ?

See DQK-002

Q2 - Does the data / 
product have an 

associated QI for each 
key parameter ?

Q3.1 - Is the QI 
based on 

propagation of 
uncertainties 

through the full 
process ?

See DQK-002 / -006

Q3.2 - Is the QI based on the 
results of a formal key 

comparison ?
See DQK-004

Or
Do you have other evidence 

that the QI as been 
quantitatively verified ?

See DQK-007

Q4 - Do the 
comparison(s) / validation 

tests address the full 
process?

Q6 – Statement 
of Compliance

I am not QA4EO
compliant

* - Each question needs clear and 
statement of proof / evidence

*

*

Are you QA4EO Compliant?

Yes

Don’t 
know

No

Yes

I am QA4EO
compliant

No
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Requirements from database

 Declaration should be obligatory.  If no questionnaire 
is filled in on submission, the dataset should be 
marked as not QA4EO compliant with a flag to say 
why (i.e. no questionnaire submitted).

 At the discovery stage (to users) it should be highly 
visible whether the data provider has completed the 
QA questionnaire and thus what the QA statement is 
for that dataset.

 There should be the facility to store alongside the 
dataset the associated QI and its associated evidence, 
or a link to where this information is stored externally.
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A single page flyer A four page summary
Promotional material
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A Poster
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Summary/Next steps?
 Have a key principle – hard to challenge it general applicability
 Have some guidance docs

 Generalise with other examples
 Emphasise guidance and level of detail to be “fit for purpose”
 Support translation and adaptation for other communities
 Not about BEST quality only declaration of what it is

 Promote through examples
 Challenge communities to demonstrate “quality of delivered information” 
 Encourage customers/funders to ask for evidence of “performance” (QA) not 

assume
 Quick wins

– QA4EO is not fundamentally new, it is an international  badge that can be 
used to aid harmonisation and uptake
- Need to avoid duplication and potential confusion - should look to adapt not  
establishment of new QA schemes

- those already compliant should use it, 
- funders wanting any level of QA to specify it “as shorthand”
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It does not have to be complex or costly

All data and derived products must have associated with them a Quality 
Indicator (QI) based on documented quantitative assessment of its 
traceability to community agreed reference standards.  This requires all steps 
in the data and product delivery chain (collection, archiving, processing and 
dissemination) to be documented with evidence of their traceability.

• Must assign a QI (uncertainty) to a result 

• - where it comes from needs to be documented 

• the “evidence” supporting it should be appropriate (fit for purpose) 

i.e. exactly what we are taught to do in science lessons from the age of ~14
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