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Overview

‘A QA4ECV Objectives

A Metrological definitions of uncertainty, errors, error
propagation,validation

A What has been achieved in the past on best practices:
I land ECVs (CEOS Land cover, LAI)
I atmospheric chemistry

A Protocols for Validation in QA4ECV

Qualitative methods

I
I Scaling from aircraft

I Tower measurements to 1km albedos
|

|

|

n: 02.07.2015
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Motivation

User perspective:

I need good new data ... and quickly. A new data product
could be very good, but if it is not being conveniently

served and described, it is not good for me...
So 1 am going to use whatever I have and know already.

10/21/2011 Leptoukh QA4EO'11

This is where QA4ECV come




Mission statement QA4ECV P

A QA4ECYV will show how trustable assessments of satellite data quailty
can facilitate users in judging fithess-for-purpose of the ECV Climate
Data Record.

A QA4ECYV will provide quality assured long-term Climate Data Records
of several ECVs relevant for policy and climate change assessments.

Dedl
- - - IPCC UNFCCC Stern Report

GCOS Essential Climate Variables

The 50 GCOS Essential Climate Variables (ECVs) (2010) are required to support the
work of the UNFCCC and the IPCC. All ECVs are technically and economically feasible
for systematic observation. It is these variables for which international exchange is
required for both current and historical observations. Additional variables required for
research purposes are not included in this table. It is emphasized that the ordering
within the table is simply for convenience and is not an indicator of relative priority.

Domain GCOS Essential Climate Variables
Atmospheric Composition: Carbon dioxide, Methane, and other long-lived Target Requirements
(over land, sea greenhouse gases[3], Ozone and Aerosol,
and ice) supported by their precursors[4]. Variable/ | Horizontal | Vertical Temporal Accurac Stabilit
Parameter | Resolution | Resolution | Resolution v Y
Black-sk .
River discharge, Water use, Groundwater, Lakes, Snow cover, albedo Y| 1km N/A Daily to weekly | max(3%; 0.0023) max(1%; 0.0001)
: Glaciers and ice caps, Ice sheets, Permafrost, Albedo, Land White-sk
Terrestrial cover (including vegetation type), Fraction of absorbed e=SKY | 1km N/A Daily to weekly | max(5%; 0.0025) max(1%; 0.0001)
photosynthetically active radiation (FAPAR), Leaf area index albedo
(LAI), Above-ground biomass, Soil carbon, Fire disturbance, Soil
moisture.
[4] In particular nitrogen dioxide (NO3), sulphur dioxide (SO3), formaldehyde (HCHO)
and carbon monoxlide (CO).




EQ.and Climate Data

-~

R eCDr . \ Ideal Harmonisation for Climate Records

Over Decades

Requires data that is:

Stable over time N\
¢ so data can be compared across decades meaningfu
Insensitive to the method of measurement T,
¢ so data from different sensors (and technigues) can be com
' VAT2NY Wg2NI RGARSQ
¢ so data from different space agencies can be combined
Based on references that can improve

¢ methods will improve over time as new technologies are available
¢ harmonisation should not be at the expense of improvements



Metrology Principles NPLE

National Physical Laboratory

Documentation Comparisons Peer review

Auditing Community defined references (SI)

Changes made cautiousjyconsistent to old definitions

Version: 02.07.2015

j.muller@ucl.ac.uk
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Stable measurements, worldwide consistency, insensitive to methods




Uncertainty and how to deal with it
The GUM NPLE]

National Physical Laboratory

The Guide to the expression of
Uncertainty in Measurement (GUM)

A The foremost authority and guide =

to the expression and calculation| :

JCGM 1002008 Of _UncertaJnty IN mMeasurement §

A science

A Written by the JCGM and BIPM |

Evalyaion of measuroment between 1977 and 1995 (updated ;
ata — ui et_ot e expression ]
of un(?ertamty ln’ measurement 2 O O 8) é
e e e s A Covers a wide number of :
applications )

A Technical with formal mathematios

Page7

http:// www.bipm.org/en/publications/quides/qum.html

Irst 2dition September 2038

© JCGM 2008



http://www.bipm.org/en/publications/guides/gum.html

Traceability NPLE

National Physical Laboratory

at NP lafsaNdeasurementresult relating the
result to a stated metrological reference(free
definition and not necessarilySl) through an
unbrokenchain of calibrationsof a measuring
systemor comparisonseachcontributingto the
statedmeasurementzy OS NI | A y i & €

n: 02.07.2015

Versio
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Committee on Earth Observation Satellites
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Traceability Example: GlobAlbedo
processing chain using Optimal Estimation

th

" VGT Level-

1p _ _
/ . X / / Wavelength
TOA F P_",(EI . — Atmosprlenc / BRF —_— Transformations +
Reflectance Identification Correction / / .
/ / / Broadband Integration
MERIS ——
Level-1b
E—
MODIS 1
\ / Prior
-_— —
_ Upscaling
BBDRs ~— BEAM Binning — BRDF Kerr.1el using Energy - A]bEd? —» GlobAlbedo
/ Computation Conservation Integration Product

which are traceable to reference standards

©UCL, NPL
Uncertainty propagation through the processing chain requires uncertainty estimat

Version: 02.07.2015
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National Physical Laboratory

Error

- g
IS NO [hesameas §
S

Uncertainty




|
Uncertaintyvs. error NPLE

National Physical Laboratory

Uncertainty:

A Describes the spread of a probability distribution i.e. standard deviatiot

I Uncertainty is the doubt you have on the value

Error:

A Difference from truth
I Result of measurement imperfections
I From random and systematic effects

Correction
A Where an error is known, it can be corrected by applying a correctio

I There will always be an unknown residual error which adds to the

uncertainty

Consistency in terminology is important!

Version: 02.07.2015

j.muller@ucl.ac.uk
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T T T T
e Measured value
Y Mean of measured values

High random

i i i i i i
0 1 2 3 4 5

T T T T
e Measured value

| Y Mean of measured values

Random
and
systematic

effects

Vv

| High Systematic

T T T T
e Measured value

Y Mean of measured values

T T
Measured value

. | Y Mean of measured values

I i 1
MU UL AL UN

i
Jernuned




Random Effects INPLE

National Physical Laboratory

A Random effects

I Different error for every measurement
(different random number)

I Cannot be corrected for even if the measurement is dully
understood

I Can have same associated uncertainty

Version: 02.07.2015

(drawn from same probability distribution) 3
A e.g. Detector noise etc. :
b20SY R2y Qi dzaS G(GKS Ay 02 NNBI®/UO SBKINI AdyS] 8dENJI

probability distribution.
{ONAROGOf Y GdzyOSNIIFAYGASE |aaz20Ala0SR gAl

Pagel3




Systematic effects NPL

National Physical Laboratory

A Errors which in principle can be corrected for if the cause of the error
was fully understood

i h¥ O2dzNRS 2F0SYy é2dz R2y Qi (1y29
have an uncertainty associated with such systematic effects
A E.glIncorrect instrument parameterisation

A With many systematic effects there is a time and space scale which is
applicable

A E.g Instrument degradatiorg changes slowly over time
A Local effects
A aSiNRf238 R2SayQu e&Si KIFI@gS | ¥

A Effects that are local in time and/or space

A E.g. Atmospheric effectsalibration (solar contamination)
etc.

Version: 02.07.2015
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Type A and Type B methoc!agm,!?_l-

ysical Laboratory

A Two methods of assessing uncertainty
I Type A

A Application of statistical methods to a series of
repeated determinations (real or simulated)

I Type B
ABased on experience and knowledge of physical
processes

ATheuncertalnty assomated with the systematlc
errorisknownlS @Sy (1 K2dzZaK GKS S Nﬁ

n: 02.07.2015

Versio

j.muller@ucl.ac.uk




How to determine correlatio
(and covariance) NPLE

National Physical Laboratory

Type A methods: Type B: From knowledge
From the data (real or simulated) (measurement model) 2
A Discover correlations S
Ei _ ETrue -|R g
Lot '.". . . . @
e " This is where the correlation E
: 1 comes from! =

u(xy)= U9




o
Validation NPL

National Physical Laboratory

Whe process of assessingjiyependent means
the quality of the data products derived from th

4

aeainsy 2dziLyzi a

v@q: 0592015

(Justice, et al., 2000, p. 3383)

j.muller@ucl.ac.uk
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International Coordination

Committee on Earth Observation Satellites

Working Group on Cal/Val:

n: 02.07.2015

I Synthetic Aperture Radar (SAR)

Versio

I Infrared Visible Optical Sensors (IVOS)

I Microwave Sensors (MSSG)

j.muller@ucl.ac.uk

I Terrain Mapping (TMSG)

[ce)
i
[5)
(@)
@
o

I Land Product Validation (LPV)

I Atmospheric Composition (ACSG)




CEOS Validation Hierarc

Stagel | Product accuracy is assessed from a small (typically < 30) set of loc
N and time periods by comparison with &itu or other suitable reference
A data.

Stage 2 | Product accuracy is estimated ovesignificant set of locations and
time periodsby comparison with reference in situ or other suitable
N reference dataSpatial and temporal consisten@f the product with
A similar products has been evaluated over globally representative
locations and time periods.

Version: 02.07.2015

Stage 3 | Uncertaintiesin the product and its associated structure are well
guantified from comparison with in situ or other suitable reference d4
Spatial and temporal consistenaf the product with similar products
has been evaluated over globally representative locations and time
periods.Uncertainties are characterized in a statistically robust way
over multiple locations and time periodeepresenting global conditiong

j.muller@ucl.ac.uk

Pagel9

Stage 4 | Validation results for stage 3 asgstematically updateavhen new
product versions are released and as the tisegies expands.




@ GCOS

Allgnment with
A OCUS adleas pased mdser mate VariapleCVv
parameters:
I Land Cover
I Land Surface Phenoloyy
I FIre(Active/Burned Arep
I Surface Radiation (Reflectance, BRDF, Albedo)
| Biophysicat LAI& fAPAR
I Soil Moisture
I Snow/lce
I LandSurfacelemperature*

Version: 02.07.2015

j.muller@ucl.ac.uk
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o\affcv * Not currently ECV, but large community & product base
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Good Practi_ce Documents

fi"wn“ (Tl —n NPLE | &5
GLOBAL LAND COVER VALIDATION: e Q” @ Gt @008 SIS

RECOMMENDATIONS FOR EVALUATION AND

Committee on Earth Observation Satellites

ACCITRAAC\7 AL\SSESSLIENT OF Working Group on Calibration 2nd Validation g
Land Product Validation Sub-Group N
o
GLOBAL LAND COVER MAPS o
Global Leaf Area Index Product e
. . . o
2006 Validation Good Practices 2
>
- - - =
T - 8 3
* =
p - S
©
o)
ok e E
ﬁ dreve - = E
—
‘&‘a
g
Version 2.0
January, 2014 2014
EUROPEAN COMMISSION
| ‘ 33|htﬁ£s€a?cn Centre Editors: Richard Fernandes, Stephen Plummer, Joanne Nightingale
Contributors: Fred Baret, Fernando Camacho, Hongliang Fang, Sebastien Garrigues, Nadine Gobron,

Matt Lang, Roselyn Lacaze, Sylvain LeBlanc, Michele Meronl, Beatriz Martinaz, Tiit Nilson,
Bernard Pinty, Jan Pisek, Oliver Sonnentag, Alexandre Verger, Jon Welles, Marie Welss,
EUR 22156 EN Jean-Luc Widlowskl, Gabrieda Schaepman-Strub, Miguel Roman, Jalme Nickeson




Validation Methods for EO products

A Look at the data using browse products
A From leaf to tower to EO pixel: how to scale
A UncertaintiesvsError

A Assessmendf global consistency (e.g. .
Hovmoller plots)

A Inter-comparison of global EO products using’
triple collocation

A Reference datasets




Definitions of reflectancd

Relation of incoming and reflected radiance terminology used to describe reflectance quantities

Incoming/Reflected Directional Conical Hemispherical
- Directional Bidirectional Directional—conical Directional-hemispherical -
CASE 1 CASE2 CASE 3
o
é 2 N
N~
Q
AN
Conical Conical-directional Biconical Conical-hemispherical ©
CASE 4 CASE 5 CASE 6 15
2]
o
>
V -

-
=
Hemispherical Hemispherical-directional Hemispherical-conical Bihemispherical ‘_(‘)5.
CASE7 CASE 8 CASE9 é—i)
o
! ;; ) =
The labeling with ‘Case’ corresponds to the nomenclature of Nicodemus et al. (1977). Grey fields correspond to measurable quantities (Cases 5, 8), the others %
(Cases 1-4, 6, 7, 9) denote conceptual quantities. g
a

Schaepmasbtruly G. andSchaepmanM. (2006). Reflectance quantities in optical remote sernsing
definitions and case studies. Remote Sensing of Environment vol. 103-pp. 27




Atmospheric contamination of
MCD43 p

Africa (upper panel)
and S. America
(lower panel)

True colour
composite of
Isotropic reflectance
component in RGB
channels

Cloud-cleared (left
from U of Lille)

Note the whitish hue
due to uncorrected
aerosol/cloud
contamination issues
in GlobAlbedo
product

http:// adam.noveltis.com/

Fonds des Sols

GlobAlbedo

Version: 02.07.2015
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NASA CAR (Cloud Absorption F
. an excellent source for BRDF

a. Jetstream-31 Aircraft

B __,__é-'
' 77 [ LN \ _
B .
L R

—
—

“cm
ELECTRONCS
COMPARTME!

C. BRDF Flight Track

d. Cloud Absorption Radiometer (CAR) Parameters

. Angular scan range
Instantaneous field of view
Pixels per scan line

Scan rate

Spectral channels (um;
| bandwidth (FWHM))

190°

17.5 mrad (1°)

382

1.67 scan lines per second (100 rpm)

142 (8 continuously sampled and last six in filter
wheel): 0.340(0.009), 0.381(0.006), 0.472(0.021),
0.682(0.022), 0.870(0.022), 1.036(0.022),
1.219(0.022), 1.273(0.023), 1.556(0.032),
1.656(0.045), 1.737(0.040), 2.103(0.044),
2.205(0.042), 2.302(0.043)

A

Taken from Gatebe, C. K., et al. (2010). ACP, 10(6), 27771 2794.

Version: 02.07.2015
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i

NASA CAR sampling and common loca

A

Y~
< >
L 7 Q

Y - sza: solar zenith angle
- vza: view zenith angle
- raa: relative azimuth angle

| g - BRF plot:
( VEdy e
4 - ray-axis: vza (0°..80°)
| ‘ H - theta-axis: raa (0°..360°)

Version: 02.07.2015

j.muller@ucl.ac.uk
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Roman et al. (2011)




CAR observations of s&ze durin
ARCTAS (full sky and ground views)




i

MISRvSCAR for ARCTAS @ 2 altitude

BRF: car(4?2nm%o<> misr(443nm), alt656m

270°

-flight_id: flt2001
-site: ElsonLagoon
-car_channel: 3 (472nm)
-misr_channel: 3 (443nm)
-sza_car: 70°

-sZa_car: 63°

-date: April-06-2008

-lat, lon: 71.366 180°
o a

225°

~alt: 656m

LC2+FpY

1.28

1.20

1.12

1.04

0.96

0.88

0.80

0.72

BRF: car(4?2nm)0§> misr(443nm), alt5522m

1.28
1.20

1.12

2700 |-

225°

2001

agoon
I3 (472nm)

zl: 3 {443nm)
v

16.2008 180°

3245°, -156.26"°

LC2+FpnY

NASA CAR data courtesy of3atebe(NASA (GSFC)
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MISRvsCAR for all spectral bands

1.6

1.4

12

0.8

0.6

°9.

MISR <> CAR, alt: 656m
R™2=0.83, slope=1.15

o Wy
0/
L o E 4 i
o JoY
s 7
~ "5’
- .. ../., s 4
S 9
® &
L ) v |
K4
o
L % B ® misr_670nm <> car_682nm| |
” ® misr_443nm <> car_472nm
¢ misr_865nm <> car_870nm
4 0.6 0.8 1.0 1.2 14

CAR

NASA CAR data courtesy of3atebe(NASA (GSFC)

1.6

1.6

1.4

1.2

0.8

0.6

)

MISR <> CAR, alt: 5522m
R™~2=0.88, slope=1.26

ne ey
0 -~
L - 7 ]
L] l?’
.
b
L [} .
3
| I
i , . |
2 1
g ¢
I B ® misr_670nm <> car_682nm||
, misr_443nm <> car_472nm
P ¢ ¢ misr_865nm <> car_870nm
4 0.6 0.8 1.0 1.2 14 16

CAR
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European FLUXNET/BSRN test sites (9 FLUXNET, 1 BSRN)
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Europe T Validation (1998-2011), Part 1
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data user element
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Europe 7 Validation (1998-2011), Part 2
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2004 2006 2008 2010
Dote

GlobAlbedo MQODIS Prior MISR Geoland Tower

N.B. Very noisy tower albedometer data, much higher values from tower cf all other EO values
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GlobAlbedo & MISR uncertainties vs Standard Deviations
with Tower Blue-Sky albedo measurements
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latitude

Iatitude

Hovmoller Plots of CLARA-SAL vs EO-derived DHR Albedos

Land surface albedo zonal mean [%]
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Triple Collocation Variance maps

GlobAlbedo variance with MISR and MODIS
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