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1. Solar missions
Atmospheric composition missions
NDACC in support of satellite EO
Observation operators

Atmospheric services validation protocol
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1. Solar Missions

b
S
=
S
-
O
S
i

be




PROBA Series
EO and Solar

PROBA = ESA's 'Project for Onboard Autonomy’

Small satellites for technology demonstrations;
prime contractor Vehaert Space, Belgium

- PROBA-1: launched October 2001; EO sensors still operating;
transferred to ESA’'s Earth Observation Directorate

- PROBA-2: 1st ESA space weather mission dedicated to Sun
observation, launched Nov. 2, 2009; 4 Belgian and CZ sensors

- PROBA-3: double spacecraft to study solar corona while
testing precise formation-flying techniques

- PROBA-V: miniaturised version of the SPOT-5 VEGETATION
- Altius: atmospheric limb mission for atmospheric composition
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ISS / COLUMBUS

SOLAR

. Three instruments covering solar spectral irradiance
from 17 nm to 100 ym (99% of solar energy)

(SOlar Variable and Irradiance Monitor): near-UV,
visible and thermal (200 nm - 100 um); developed by

PMOD/WRC (Davos, Switzerland) with one instrument's
radiometers provided by IRM-KMT (Belgium)

(SOLar SPECtral Irradiance measurements): 180
nm - 3 000 nm; developed by CNRS (France) in partnership
with BIRA-TASB (Belgium) and LSW (Germany)

- (SOLar Auto-Calibrating Extreme UV/UV
Spectrophotometers): EUV/UV; developed by IPM (Germany)

« Facility Support Centre: Belgian USOC at BIRA-IASB
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MYRIADE
PICARD

REMINDER
n CNES MYI"IC\UC icl vouilelitie 1rnual vVI” PI"ZCISZIY

measure the Sun's diameter and its variations, as well
as solar irradiance, with the twofold aim of learning
more about how the Sun affects Earth's climate and
studying its physics and inner structure

: an imaging telescope (developed in France by
SA/CNRS) capable of measuring the Sun's shape and diameter
to within a few milliarcseconds

. a differential radiometer (developed in Belgium by
IRM-KMI) to measure total solar irradiance

: a suite of three photometers and radiometers
(Swiss instrument) to study ozone and solar oscillations

= PICARD Mission Centre: Belgian USOC at BIRA-IASB
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2. Atmospheric Composition
Missions
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ATMOSPHERIC COMPOSITION MISSIONS [}

Belgian involvement in:
ERS-2 GOME (SAG, retrieval, Cal/Val)
Meteor-3M SAGE-III (ST, retrieval, Cal/Val)
« SCISAT-1 ACE (Belgian imagers, SAG, retrieval, Cal/Val)
Envisat SCTAMACHY (Co-PI, Belgian PMDs, SAG, retrieval, Cal/Val)

Envisat GOMOS and MIPAS (SAG, retrieval, Cal/Val)

EOS-Terra MOPITT (ST, retrieval, Cal/Val)

EOS-Aura OMI (ST, retrieval, Cal/Val)

MetOp-A GOME-2 and IASI (SAG, retrieval, Cal/Val)
» GOSAT (TCCON, Cal/Val)

Development of Altius (PI)

Definition of future missions (MAG..)
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|ASI processing

MetOp-A IASI
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Operational L2 products from Eumetsat
processing

T and humidity profiles, cloud information
CO,, CH,, N,O columns

O, total and partial columns

CO columns

Science L2 products from various

processing chains
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MetOp-A IASI

EuroBird-9

-

IASI processing

1.3 10% spectra
Global coverage 2 x day

ULB receiving
station

deronomie

NRT processing

Pre-filtering (clouds,
inhomogeneous radiances) BTDs masks (K)

FORLI RTM

Fast Operational/Optimal
Retrievals on Layers for IASI

3 NRT processing
Atmosphit/ADA RTM

l O, total column esearch
O, 0-6 km column brocessing Eﬂ]
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MULTI-MISSION OZONE MONITORING

Global ozone column monitoring by satellites:
— — TOMS / N7-M3-AD-EP (1978-2005)
B — GOME / ERS-2 (1995-2003)

e  SCIAMACHY / Envisat (2002-20147?)

— GOME-2 / MetOp (2007-20207?)
OMPS / NPOESS (2011-7?)
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ATMOSPHERIC COMPOSITION MISSIONS I
Multi-mission consistency (1): ALGORITHMS

» The GOME series (6OME/SCIAMACHY/GOME-2)

- Contributions to prototype and operational trace gas retrieval;
multi-mission, multi-parameter validation

- Merged ozone data record => need for algorithm upgrades
- Upgrade and reprocessing undertaken for the three sensors

—“ ronomie

SCIAMACHY - reference (%)
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Total O, relative difference

Zonal mean record of total ozone obtained from merged GOME,
SCIAMACHY and GOME-2 data from April 1995 to December 2007 m

D. Loyola et al., IJRS 2009

C. Lerot et al, AMT, 2009




3. NDACC Support to
Satellite Validation
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» Member of SC, of Strategy W6G: Co-chair of 3 W6s

= Operation of NDACC instruments (BIRA, KMI and ULg)
[CL-06-01, CL-09-01/02/03, DA-09-01]

- FTIR in Switzerland since 1950s + Reunion Isl. + mobile FTIR
. Uccle (Brussels): ozonesondes and Brewer since 1970s, CIMEL
- UV-visible DOAS in Norway, Haute Provence and Reunion Isl.

= Support to satellite missions

. Close link between NDACC Satellite WG and WGCV ACSG

. Coordination of NDACC-based validation for GOME,
SCIAMACHY, GOMOS, MIPAS, OMI, GOME-2...

- Various types of support to many other missions
.- GOSAT: CO, FTIR (TCCON) in Reunion Island [CL-09-03]§
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NETWORK FOR THE DETECTION OF
ATMOSPHERIC COMPOSITION CHANGE
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NDACC SATELLITE WORKING GROUP

Mews
Sctivities

Satellite
Missions

Members
Publications &
References

Links

Site hosted by

Network for the Detection of Atmospheric Composition Change (NDACC)

Satellite Working Group

Welcome to the NDACC Satellite
Worlking Group Homepage!

The objective of the Satellite
Worlking Group is to foster
collaboration among atmospheric
scientists involved in the NDACC
and in satellite missions. This
website is a guide to
ground-based researchers, space
agencies and other interested
parties to practical information on
atmospheric chemistry satellite
missions,

Enjoy your visit!

http://accsatellites.aeronomie.be

or via http://www.ndacc.org
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" [ | Satellite Missions Q@ | =

Home Trace gases measured by atmospheric sensors =1 BV A
MNews
Back to the satellite missions page
activities lG\‘S
- Dxygen compounds
- MNitrogen compounds (]
- Surfur compounds
Members - Hydrogen compounds
- - Water vapour .
Publications & - Carbon and hydrocarbon
; - Halogen compounds
References = lropos;lahemc clouds  Septemer 2004
; - Berosols Sl el oo
Links - Temperature F

- Compounds recommended by international strategies, but not measured
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Trace Gases S5ensors
Site hosted by 1
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/“-, [Ozone column (O=) QMI, OMPS, SBUY, SBLUW/ 2,
| SCIAMACHY, SSBILN, TOMS, TS
| . .
Y = =
w:; ACE-FTS, ATWIOS, CRISTA, CLAES,
- SOME-1, GOME-2, GIOMOS,
GRILLE, HALOE, HIRDLS, HIRS-2
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[AST, ILAS, [LAS-IT, IMG, [SAMS,
Contact: Wehmaster 5 P LIMsS, MAESTRD, MAsS, MIFAS,
Last update: Oct. Hygen compounds : MLS/EDS Aura, MLS/JARS, OMI,
o007 CEane prafle (03) OMPS, OSIRIS, ORA,
DZONE/ISTOR, POAM 1T, POAM I, ORR/KSB
SABER, SAGE [, SAGE 1, SAGE 111,
SBILN, SBILNV/Z SCIAMACHY, SME, m
SMR, SOFIE, SOLSE/LORE, SSBLY,
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SOUNDER MISSION

OMS Nimbus 7
METEOR 3
ADEOS 1
Earth Probe
SBUV imbus 7
[SBUV/2, OAA-9
SSU/AMSU, NOAA-11
TOVS NOAA-14
OAA-16
OAA-17
OAA-N/18
AMSU-A, HIRS/4 NOAA-N1/19
SSBUV STS
SOLSE/LORE STS 87 & 107
OMPS, CrIS, ATMS PP
OMPS. CriS. ATMS POESS
SBUS, TOU, IRAS, Feng-Yun-3A
MWTS, MWHS, Feng-Yun-3B
MERSI Feng-Yun-3x
SAM 11 Nimbus 7
SAGE | AEM-B
SAGE I ERBS
ISAGE Il METOR 3M
E STS-64
LIPSO CALIPSO
= Nimbus 7
UV /VIS /IR SME
GRILLE STS 9/45
ATMOS 1/2/3/4 STS 17/45/56/66
CLAES
LS
AHRSI STS 66 & 85
OPITT EOS Terra
SABER TIMED

EOS Aura

SOFIE AIM
POAM 11 SPOT 3
POAM I1I SPOT 4
EXOS-C
(Ohzora) i q
ADEOS NN\
(Midori) I
ADEOS-II
GOSAT
ibo JEM/ISS
EURECA
CRISTA 1/2 STS 66 & 85
GOME ERS-2
SCIAMACHY
GOMOS ENVISAT-1
MIPAS
[GOME-2, 1ASI, etOp-A
AMSU-A, HIRS/4 etOp-B
GRAS, MHS etOp-C
[OZONE/ISTOK MIR/Priroda
SMR "
OSIRIS Odin
ACE FTS
ACE MAESTRO SCISAT-1
STEAM STEAM
WIFT Chinook
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Sounding strategy: [N nadir N\\|Sun/Moon occultation Spectral range: [ Juv/VISINIR
mb | Jstellar occultation VIS/IR
multi-target | |multi-sensor
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4. Observation Operators
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Multi-mission consistency (2): VALIDATION

Global ozone column monitoring by satellites:
— — TOMS / N7-M3-AD-EP (1978-2005)
B — GOME / ERS-2 (1995-2003)

e  SCIAMACHY / Envisat (2002-20147?)

— GOME-2 / MetOp (2007-20207?)
OMPS / NPOESS (2011-7?)
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ProDEx SECPEA and EC FP6 GEOmon

: . [DA-09-02
Errors inherent to data comparison [DA-06-02

-06-01
Air masses actually probed by Envisat and by NDACC instrumen fs: 06-0

FTIR, UVVIS DOAS, balloon-sonde, lidar, MWR
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ProDEx SECPEA and EC GEOmon

Errors inherent to data comparison

Air mass measured by GOME-2: dilution of information between Sun,
scatterer and sensor

03 (AFGL76) Horizontal Extension of the Air Mass towards the(Sun @ 325.5 nm NO,\(Sum. ML Strato.) Horizontal Extension of Air Mass towards th¢ Sun)@ 439.0 nm
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Arbitrary Units
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Antarctica - 21/10

&

Dobson Units

India - 21/02

250

]

Vandenbussche et al., EC




5. Atmospheric Services
Validation Protocol
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The PROMOTE laboratory

Towards operational atmospheric services

RESEARCH
PARTNERS VALIDATION OF

INDIVIDUAL COMPONENTS

Networks of atmospheric services
[DA-09-01/02/03, CB-06-04, CL-06-01]

S VALIDATION AGAINST SLA-committed users
[US-09-01/03, CL-09-01, ST-09-02,
HE-09-02]

——————— Central Office (at BIRA-IASB)
e coordinating QA/Validation

]<—| - Fitness for purpose of validation

o 1 . Service Validation Protocol

PROVIDERS QUALITY ASSESSMENT /
QUALITY CONTROL

Protocol being adapted to MACC,
will be also for PASODOBLE
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GSE - PROMOTE 2

Atmospheric Services
Validation Protocol

REF 1 GSE-PROMOTE-CS
WERSION : 3

ISSUE A

DATE 214102009

FAGE 21 of 3B

DOSSIER: Common

TASK: 2

PROMOTE

Atmospheric Monitoring Services

Stage 2 of the Earthwateh GMES Services Element

PROMOTE 2

Atmospheric Services

C5
Version 3
Issue 1

Validation Protocol

" REF. 1 GSE-PROMOTE-CS
" . GSE - PROMOTE 2 WERSION : 3
i i 5 ISSUE 1
O i = Atl“‘:!sl}l!eni: Services DATE 214402009
PROMOTE Validation Protocol PAGE 2 of %
tile ! e Atmozpheric Sendces WValidation Protocol
reference ! BEETe GSE-PROMOTE-CS
Wersion e 3
Teuiian s 1
et ¢ St final
date oF isue | i éokfon 14102009

daCUMENt Y pe | e e dommment

Framewa Locument

ENDORSEMENT ! e |

AUTHOR Walid ation Office J.-C. Lambert, [A5B-BIRA 14102009

REWIEWELD BY | Froject Manager T. Holzer-Fopp, DLR 07042010
Core Management | . Magl, UBA

F.wan der A, KHNWI 13012010

REVIEWED Seni
AND
EMDORSED
B

Omne 2 Baier, DL

cwan der A, KNI

Wtzwolet | B. Jonch-Sorenzen, Dl

J. Kaurola, Fhdl
G, Laschewski, LD

. Meagtter, LR
Air Gueality [J2. de Ridder, WITO
H. Elberm, RIU

T. Holzer-Fopp, DLR
A hdangin, ACRI
0. Penez, Ghilf

L. Rouil, INERIS
( Gliwade | ). Bingen, 1A5E-BIRA

hdeyar-Arnek, DLR

‘ Avigfor | ) wan Geffen, MIB-BIRA

User Federation ’A. Fahre Wik, HILL

E. Magl, UBA

M. Van Roozendael, I1ASB-BIRA | 11012010

13012010

07 042010

AFPFROVED BY | Scientific Officer C. Zehner, ESA

ISSUED BY

Walidation Office J.-C. Lambert, 1ASB-BIRA




1.3.2 Reference DocUmMents ...

......................................... 8

2.2.2.1 Confrontation with independent reference data

I I
L. L LD

fitness-for-purpose of
validation -

Quality control o1 services i operation

7 Validation of service updates..................

2.3.1 Validation of the 0Zone Services...............cooiiiiiiiii,
2.3.1.1 Records of ozone column and of stratospheric ozone pr
2.3.1.2 Forecast and NRT analyses of the ozone column

-

2.3.2 Validation of the UV Services .. ..o

-

.3.2.1 Vertfication of radiative transfer models ....................
3.2.2 UV-nrradiance and directly related data products ...

s e

323 UV AOSES. oo
3.2.4 UV forecasting data products ...

-

2.3.3 Validation of the air quality Services ...
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g Best practices of Cal/Val,

Cal/Val data updates,
harmonisation across
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6.2 Terminology

The following terms and definitions have been proposed by standards development
organisations of international recogmtion. They are expected to evelve as these
organisations regularly update their standards and as further standardisation and
harmonisation occur.

6.2.1 Reference Documents

[RD7]

CDRH: Center for Devices and Radiological Health (CDRH). General Principles of
Software Validation: Final Guidance for Industry and FDA Staft, CBER CDRH/OC Doc.
N. 938, January 11, 2002. Publicly available via

http://'www fda.gov/Medical Devices/DeviceRegulationandGudance/

CEOS: CEOS Ternms and Definitions, available via http://calvalportal.ceos. org
Larssen, S.. Sluvter R. and Helmis C. (1999). Criteria for EUROAIRNET — The EEA Air

Quality Monitoring and Information Network.

[Nappo, C.J. Caneill JY., Furman R.W., Gifford F.A., Kaimal J.C., Kramer M.L.,
Lockhart T.J., Pendergast M.M, Pielke R.A ., Randerson D., Shreffler J.H., and Wyngaard
J.C. (1982) The Workshop on the Representativeness of Meteorological Observations,
June 1981, Boulder, CO, Bull. Am. Meteorol. Soc. 63, 761-764.

NIST: Prokhorov, A. V., R. U. Datla, V. P. Zakharenkov, V. Privalsky, T. W.
Humphervs, and V. I Sapritsky, Spaceborne Optoelectronic Sensors and their
Radiometric Calibration. Terms and Defimtions. Part 1. Calibration Techniques, Ed. by
A. C. Parrand L. K. Issaev, NIST Technical Note NISTIR 7203, March 2005,

VIM: Joint Committee for Guides m Metrology (JCGM/WG 2) 200:2008 & ISO/IEC
Guide 99-12:2007, International Vocabulary of Metrology - Basic and General Concepts
and Associated Terms (VIM), http://www.bipm.org/en/publications/guides/vim.htinl
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6.2.2 Recommended terminology

TERM

DEFINITION

SOURCE

accuracy

closeness of agreement between a quantity value obtained by
measurement and the true value of the measurand; note that it 1s
not a quantity and it 1s not given a numerical quantity value

VIM

area (volume) of
representativeness

the area (volume) in which the concentration does not differ
from the concentration at the station by more than a specific
range

Larssen et
al. (1999)

bias

(1) systematic error of indication of a measuring system
(2) estunate of a systematic measurement error

VIM

calibration

(1) the process of quantitatively defining the system responses
to known, controlled signal mputs

(2) operation that, under specified conditions, 1n a first step,
establishes a relation between the quantity values with
measurement uncertainties provided by measurement standards
and corresponding indications with associated measurement
uncertainties and, in a second step, uses this mformation to
establish a relation for obtaining a measurement result from an
ndication

CEOS

VIM

dead band
(or neutral zone)

maximum interval through which a value of a quantity being
measured can be changed in both directions without producing
a detectable change in the corresponding indication

detection limait

measured quantity value, obtained by a given measurement
procedure, for which the probability of falsely claiming the
absence of a component, given a probability o of falsely
claiming its presence

(1) measured quantity value minus a reference quantity value

~ ~

-

H aeronomie

z
-
S

Q
=
i}
@

S ==




THANK YOU |

deronomie

FederaalWetenschapsbeleid)

Politigue scientifigque federale

Foderalen Wissenschaftspolitik

Belgian Science Policy




