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OVERVIEW
• The C3S EQCO process for quality assurance

Ø The aims of EQCO
Ø User requirements for QA of climate data at the CDS
Ø QA portal and tab at the CDS
Ø Gap analysis of ECVs and QA recommendations

• The FIDUCEO approach to uncertainty calculation
Ø Measurement equations, measurement trees and the GUM
Ø Effects tables and correlation structures
Ø Calculation of pixel-level correlation matrices
Ø Examples and applications

2



LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT

Climate
Change

EQCO = Evaluation and Quality 
Control for Observations

(C3S 51 Lot 2)



LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT

Climate
Change

THE AIMS OF EQCO 

• Identify what information users need to understand the data (i.e. QA) 
• Design a prototype EQC function for the CDS (i.e. to display via a 

portal and grade QA completeness)
• Design a QA evaluation template and summary
• Provide scientific gaps and recommendations
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Climate
Change

USER REQUIREMENTS SURVEY

• “There are lots of data sets” 
• “Not easy to decide which to 

use for my application”
• “Documentation often lacks 

detail or is dispersed"
• ”How do I know which dataset 

is of good quality?”
• “Validation is key”
• ”I’d like information on product 

traceability, algorithms and 
uncertainty”

Essential climate 
variables, ECVs

(as defined by GCOS)

Total number of 
products found

Precipitation (in situ) 53

Surface Air Temp (in situ) 70

LAI 33
fAPAR 30

Sea Surface Temperature 50

Soil Moisture 62

Ozone and Aerosols 180
Ocean Colour 37
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Climate
Change

WHAT USERS SAY THEY NEED FOR QA
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Climate
Change

Quality Assurance Reports
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Ø Standardised form
Ø Will be on the C3S Climate Data 

Store
Ø Able to compare quickly against 

other data products
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Climate
Change

GRADING OF QA COMPLETENESS
WHITE
(not provided)

GREY
(basic)

BLUE
(intermediate)

GREEN
(excellent)

DETAILS No ATBD Basic ATBD or journal 
articles

ATBD details input data 
and all process steps

ATBD conforms to 
QA4ECV and is up to date

GENERATION no TC Incomplete TC available Complete and detailed TC 
available

TC with uncertainty 
sources and propagation 
completed

QUALITY FLAGS no QF’s Basic QF’s with limited 
details on derivation and 
usage

Detailed QF’s with good 
description of each flag 
and usage

Comprehensive QF’s with 
full descriptions that allow 
a detailed understanding of 
data quality

UNCERTAINTY no uncertainty uncertainty characterised 
statistically

uncertainty characterised  
by values propagated 
through some parts of the 
processing chain

full metrological 
uncertainty 
characterisation starting 
from L0 data

VALIDATION no validation Validation available, but 
only basic information 
provided

Must include either:
•Total product bias 

•Total product standard 
deviation 

Must include at least one 
total product and one 
regional bias and standard 
deviation 

And full temporal coverage 
should also be validated

INTER-COMPARISON No inter-comparison Inter-comparison available 
with partial coverage and 
final output only

Inter-comparison with 
representative coverage 
and some internal process 
comparisons (e.g. cloud 
screening, RTM choice, 
etc.)

Full inter-comparison 
including internal 
processes and good 
temporal and spatial 
coverage, carried out 
routinely
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Quality 
Assurance

Quality Evaluation

Each stage of the production of this data set has been independently evaluated. This judgement is based on the 
methods used and also the degree of quality information which is provided. The results of this are illustrated in 
the following matrix showing the evaluation by section. 

To find out more detail about these sections, click on the sub-section.

Full Quality Assurance Report |  PDF



LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT

Quality Information

Full Quality Assurance Report

Generation description

Algorithm theoretical basis 
document (ATBD)

Generation

This traceability chain shows the processes applied to the input data to produce this data set. 
Please click on the image for an interactive version.
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Quality Flags provided:

Uncertainty Characterisation method: Based on validation data

Validation activities: 

Inter-comparison activities: 

The Ocean Colour CCI project was validated against several in situ data networks which are
commonly used for calibration and validation activities for satellites (MOBY, BOUSSOLE,
AERONET-OC, SeaBASS, NOMAD, MERMAID, AMT, ICES, HOT, GeP&CO; Valente et al.,
2016). 14582 satellite-in-situ match-ups were analysed finding a small bias and a strong
correlation coefficient overall globally. Validation activities also included Chl-a comparisons of
global trends with L3 single-sensor satellite data from MERIS, MODIS and SeaWiFS; a long-
term analyses in Longhurst biogeographical regions – these are regions of the ocean in which
similar characteristics are generally found – including analysis of the time series, phenology
and the correlation with climate index (el nino and la nina); and finally a general phenology
assessment.

No activities currently listed.

1. MERIS_nobs_sum, MODISA_nobs_sum, SeaWiFS_nobs_sum, 
VIIRS_nobs_sum, total_nobs_sum

2. Chlor_a_log10_bias
3. Chlor_a_log10_rmsd

No activities currently listed.
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Climate
Change

We carried out an in-depth scientific gap 
analysis of Level-2 and Level-3 products in 
different ECV classes focusing on:

o Generation

o Quality flags

o Uncertainty characterisation

o Validation

o Inter-comparison

o Documentation

o Terminology

Essential Climate Variables 
(defined by GCOS)

Precipitation (in situ)
Surface Air Temp (in situ)
LAI
fAPAR
Sea Surface Temperature
Soil Moisture
Ozone and Aerosols
Ocean Colour

SCIENTIFIC GAP ANALYSIS
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Climate
Change

Uncertainties 

• Uncertainties often derived from validation reference data (difference 
between satellite and in situ measurements)

Validation

• Few datasets used uncertainties associated with validation reference data 
(and often uncertainties on the reference data were also not available)

• Different methodologies were sometimes used for validation activities

• Often only small areas of the total product were represented in the validation 
activities

Terminology

• Range of uses of quality metric terms, e.g. error and uncertainty

• Often validation reference data is called the “true value”

MAIN SCIENTIFIC GAPS FOUND
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Climate
Change

Uncertainties 

• All Level-1 data needs to have associated uncertainties.

• Important retrieval processes need associated data/model uncertainties.

• Validation reference data should provide uncertainties and these should be 
used in the comparison of the data.

Good practice validation guides for all ECVs

• This exists or is being developed for a few ECVs (e.g. CEOS WGCV LPV is 
leading on this). Needs to be more widespread to ensure reference data is 
representative and that the match-up and reference uncertainties are both 
considered.

• This guide should also clarify the terminology using metrological definitions.

RECOMMENDATIONS
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THE FIDUCEO APPROACH
• Metrological starting point = measurement equation
• From this we construct a measurement tree à for uncertainty 

propagation using the GUM
• Effects tables à characterise physical sources of uncertainty & their 

correlation properties
• Modeling and bias correction à to remove errors due to each effect
• Allan deviation à to trace noise uncertainty & behaviour
• Adaptive filters and robust statistics à to remove outliers
• Sensitivity coefficients à to propagate Level-0 uncertainties to Level-1
• SNOs and EIV optimisation to harmonise inter-satellite data to produce 

long-term climate data records of retrieved ECVs

19
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EXAMPLE: post-calibration of TOA 
radiances

• HgCdTe detectors for the 11𝜇m and 12 𝜇m IR channels of the AVHRR 
have a quadratic calibration equation (‘measurement equation’):

• The +0 term is important as it captures the residual of the model 
assumption 20
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21

We expand the measurement equation to construct a 
measurement tree à to identify effects and account for 
uncertainties & sensitivities
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22

We account for independent, structured and common 
uncertainties

3 uncertainty magnitudes (per-pixel):

1. Independent - due to errors that 
are random with no spatio-
temporal correlation between 
pixels

2. Structured - due to errors from 
random or systematic processes 
that have spatio-temporal 
correlation between pixels

3. Common - due to calibration of 
harmonised radiances

The total uncertainty (independent, structured 
and common per channel per pixel) is 
typically non-Gaussian
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We construct an ‘effects table’ for uncertainty sources
Rectangular 
Absolute:
Fully systematic or 
systematic within a 
calibration period

Triangular Relative:
Rolling Averages

Bell-shape 
Relative:
Weighted rolling 
averages, splines, 
smoothing, other
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We correct for effects and propagate uncertainties using 
the Guide to the expression of Uncertainty in 
Measurement (GUM)
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25

Cross-channel error 
correlation matrix from 
independent effects

Uncertainty at the 
pixel from the effect 
in a given channel

Sensitivity in 
this channel 
for term j

Combined (per-pixel) over all 
effects in terms of the 
measurement function

Average <> over adequate sample of pixels 
and invert from covariance to correlation units

We also calculate correlation matrices and length-scales 
from codified effects tables and the data
• mean correlation length-scales (cross-track, cross-line) for combined structured effects
• cross-channel error correlation matrices R for independent and structured effects:

FCDR = codified effects table + satellite data + harmonisation data
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EXAMPLE: orbital uncertainties

26

AVHRR Ch5 (12μm) on NOAA-11 1992/07/04 10:32-12:14 UCT
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EXAMPLE: drift of systematic 
uncertainty over time

27
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EXAMPLE: harmonisation of inter-
satellite data using SNOs & EIV

28

1980 1990 2000 2010 2020

Calendar year

TIROS-N
NOAA-6
NOAA-7
NOAA-8
NOAA-9
NOAA-10
NOAA-11
NOAA-12
NOAA-14
NOAA-15

NOAA-16
NOAA-17
NOAA-18
NOAA-19
ATSR-1
ATSR-2
AATSR
MetOp-A
MetOp-B

HARMONISATION: What are the calibration coefficients an that minimise the 
differences between actual and expected inter-sensor differences?
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EXAMPLE: harmonisation of inter-
satellite data using SNOs & EIV

29

Nominal Residuals Harmonised Residuals
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PROPOSAL: post-calibration and 
harmonisation of SBUV sensors

30

• To we use the FIDUCEO approach to post-calibrate and harmonise 
SBUV/2 radiances and establish a baseline to retrieve metrologically-
traceable ozone products? à form a measurement tree for the SBUV

• What resources are needed? à e.g. 20-50 Tb storage (for Level-1c) + 
parallel computing for orbit processing

• How long might it take? à e.g. ~2 years + 2-3 software engineers
• What are the possible impacts on trend detection? à e.g. due to 

systematic uncertainty propagation to Level-3 MZM in SBUV v8.6 MOD
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SBUV sensor series and Dobson validation

McPeters et al., JGR 118, 8032-9, 2013
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Top-level process diagram for SBUV v8.6 MOD
convergence loop
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Level-2 OE RETRIEVAL NWP error covariance of 
the prior value

cross-channel radiance error covariance
and forward model error covariance

a posteriori retrieval equation

single-pixel uncertainty info from the new SBUV FCDR

Assumptions & 
approximation

Radiances

Forward model 
(RTTOV)

Prior value 
(linearisation point)
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CONCLUDING THOUGHTS
• C3S is live: https://climate.copernicus.eu
• C3S EQCO is defining essential info for QA of observational ECVs
• C3S EQCO has designed an evaluation matrix to help users understand product QA
• C3S EQCO raise awareness of metrology in QA to help plug scientific gaps
• FIDUCEO has demonstrated how to generate metrologically-traceable pixel-level 

uncertainties with correlation info at Level-1 à Level-2+
• FIDUCEO helps improve data quality by applying a metrologically-consistent 

recalibration and harmonisation prior to OE retrieval 
• FIDUCEO has generated FCDRs for VIS, IR and MW sensors and a logical next 

step would be to apply the methodology to UV radiances e.g. from the SBUV.

34

Many thanks for listening


