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1. Solar and Atmospheric
Composition Missions

CEOS WGCV-37, Feb. 2014
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= Three instruments covering solar spectral irradiance from
17 nm to 100 pm (99% of solar energy)
(SOLar SPECtral Irradiance measurements): 180 nm -

3 000 nm; developed by CNRS (France) in partnership with BIRA-
TASB (Belgium) and LSW (Germany)

: (SOlar Variable and Irradiance Monitor): near-UYV,
visible and thermal (200 nm - 100 um); developed by PMOD/WRC
(Davos, Switzerland) with one instrument's radiometers provided by
IRM-KMI (Belgium)

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

« Facility Support Centre: Belgian USOC at BIRA-TASB
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PROBA Series
EO and Solar

PROBA = ESA’s 'PROject for OnBoard Autonomy’

Small satellites for technology demonstrations; prime
contractor Qinetic 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-V: miniaturised version of the SPOT-5 VEGETATION, launched
7 May 2013 from Kourou

PROBA-3: double spacecraft to study solar corona while testing precise
formation-flying techniques; launch 2016

Xxxxx
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Altius: atmospheric limb mission for atmospheric composition
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ALTIUS — Mission concept AN\ Dekemper et al., Applied Optics 2012

-UV-Vis-NIR spectral imager on-board a
PROBA platform on Sun-synchronous
LEO.

-3 modes : limb scattering + solar
occultation + stellar occultation.

-3 independant spectral channels with
AOTF (TeO, and KDP).

-Target species : O3, NO,, CH,, H,0,
BrO, PSC, aerosols,...

ALTIUS - Current status
Now in Phase B1 towards PDR.
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ALTIUS - Breadboarding NOZ absorption crosec n AOTF OFF
- Demonstration of spectral Day #2,10 Torr, Flow
R s - ——430-480
performance with NO, (VIS) and O, g3 ——480-520 nm
@ 2 Vandaele 98

(UV). 29 6

- Spectral imaging. ENE

- Instrument characterisation. < y—T

- Test case: Remote sensing of NO, Jeveenon o) .
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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/B GOME-2 and TIASI (SAG, SAF, retrieval, Cal/Val)
TANSO-GOSAT (TCCON, Cal/Val)

Copernicus Sentinels 4 (6EO) and 5 (LEO), Sentinel 5 Precursor
Definition of future missions (MAG, ACC, ORM..)

Development of Altius (PI)

+ SPICAV/SOIR on VENUS EPXRESS, SOIR-NOMAD on ExoMars...
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2. Reference Measurements
for Satellite Validation
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Live UV index

u¥i + Ancillary
Measurements

uv-a, U¥-B, Global
Radiation

History

Technical
Information

Gallery

Uccle
Redu
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Virton
kol

Mont Rigi

Elisabeth Station

Data download
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Uv Moniforing Sfa-rions http://uvindex.aeronomie.be
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Live UV index

UVi + Ancillary
Measurements

UV-A, UV-B,
Global Radiation

History

Technical
Information

Stations
Overview

Available
datasets

Uccle Station
Instruments

Auxiliary
Stations
Instruments

Gallery

Data download
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Monitoring Stations Overview
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NETWORK FOR THE DETECTION OF
ATMOSPHERIC COMPOSITION CHANGE (NDACC)

Observational Capabilities of the Network for the Detection of Atmospheric Composition Change

Halocarbons
Reactive gases

UV radiation
Aerosols
Temperature

GHGs

Mesosphere
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Ripples indicate approximate vertical resolution. Plain bars represent column measurements

AERONET
AEROSOL ROBOTIC NETWOR

The Micro Pulse Lidar Network

MPLNET
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NDACC UV-Visible (MAX-)DOAS Spectrometers

>

Troposphere (PBL) $=3°
Spectrometer pg...0 o ? Jelevation
Ground
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Retrieved gases
Ozone (O,)

Nitrogen dioxide (NO,)
Bromine monoxide (BrO)
Chlorine dioxide (OCIO)
Formaldehyde (CH,0)
Glyoxal (CHOCHO)
Sulfur dioxide (SO,)
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NDACC & TCCON FTIR Spectrometers
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Direct greenhouse gases:  Other species: UcclelUkkel (50.8°N, 4.35°E) Jungfraujoch (46.55°N, 7.98°E)
Methane (CH,) Carbon monoxide (CO) % O e

Nitrous oxide (N,O) Ethane (C,H,)

Ozone (O,) Hydrogen cyanide (HCN)

Water Vapour (H,0) Formaldehyde (CH,0O)

Carbon Dioxide (CO,) Nitric acid (HNO)

Hydrogen chloride (HCI)
Hydrogen fluoride (HF)

k l ttp://lnfrared.aer0n0m|e.be Saint Denis, Reunion (20.9°S, 55.5°E)

lues at St-Denis, La Reunion
rs less then 1% are not indicated)
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ESA CEOS Intercalibration - ICal

Background (CEOS WGCV ACSG)

¢ Continuity of geophysical parameters to capture global change
requires multi mission data sets

¢ Assessment needs high quality long-term reference data sets

Objectives of ESA CEOS ICal project

¢ Achieve consistency between global sensor networks
contributing to EO atmospheric mission validation >

¢ Support calibration campaigns (ozone, aerosols, NO,)

¢ Improve / demonstrate new retrieval algorithms for ground-
based networks
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ESA CEOS Intercalibration - ICal

Activities 2009-2013

¢ Support CINDI field campaign and data exploitation
¢ Support Dobson/Brewer intercalibrations

¢ Support Earlinet calibrations by traveling standard
¢ Support mini-Spectrometer intercalibrations

Main results
¢ Development of MAXDOAS data products
¢ Operative straylight correction for Brewer instrument
¢ Assessment of Brewer and Dobson network quality
¢ Earlinet calibrations in several key sites
¢ Mini-Spectrometer (Pandora) network capacity building

A \E/Vlef SHQ FM1

Agencia Estatal de Meteorologia

BIRA-IASB
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3. QA / Validation System for
Atmospheric Composition
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ATMOSPHERIC SERVICE VALIDATION PROTOCOL

v
RESEARCH
PARTNERS VALIDATION OF
INDIVIDUAL COMPONENTS

SYSTEM
DEVELOPERS

VALIDATION AGAINST
SPECIFICATIONS

o

A

¥

VALIDATION AGAINST
USER REQUIREMENTS

}—

SERVICE

PROVIDERS

¥

QUALITY ASSESSMENT /
QUALITY CONTROL
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General rules to ensure unbiased,
independent and traceable
validation => starts with QA4EOQO

Definition of terminology and
validation levels

Top-level validation criteria

Requirements for reference data
sources and methods

Metrology of data comparisons (incl.
sampling and smoothing issues)

Error/uncertainty budget, error
propagation

Validation of services (beyond the
classical validation of data)
Validation metadata and reporting

Documentation requirements
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ESA CCI Ozone: QI and User Requirements

TS
uT/LS
MA
TS
uT/LS
MA
TS
uT/LS
MA

6 km to TS-
col.

3 to 6 km

3 10 10 km

/

10%
8%
8%

Courtesy A. Keppens, ESA Ozone_cci Final Review

~3% ~10 %
SAA and mid-Asia missing SAA missing

> 50 km > 50 km

10 o 20 km 10 1o 20 km

5 to 20 km (SZA dep.) 5 to 20 km (SZA dep.)

-10 to -30 km -10 10 -30 km
FIONCESONAESIU N 7 to 8 % (1 DU)

-51t0 15 % (-2 t0 5 DU) 1to4 % (1DV)

-151t0 0 % (-3 to 0 DV) -151t0 0 % (-3 to 0 DV)

Negative bias below TP Negative bias below TP

Increased bias below TP Increased bias below TP, related to bias for
small SCD values

Relation with meridian dependence less clear  Clearly related to meridian dependence

Slightly decreasing (more negative) bias with  Slightly decreasing (more negative) bias with

CF

10 to 15 % (2 1o 5 DU) 30 to 35 % (4 to 5 DV)

5%@bp0) 5%@dO)
5 10 10 % (0 to 3 DU) 510 10 % (0 to 3 DU)

10 to 40 % 10 to 30 %

SS%
3to5%  3te5%
14 t0 50 % 12 to 36 %

7 to 16 % 5t07 %
3to18 % 31018 %
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O3M-SAF: End-to-end QA/validation of retrieval

CEOS WGCV-37, Feb. 201!

% cdop.aeronomie.bevalidation-tab/methodalogy i W~ wikipedia [en]

= O3M SAF \,a||dat|on
sz A CQuality Assessment

Home Products + validation *  Quality Assessment Links = Registered Pages

Vvalidation Methodology

http://cdop.aerononie.be

Curing the first phase of COOR, an end-to-end validation approach has been designed and demonstrated for GOME 2 HO T TReST SRS WEETTERene
columnn measurements, In compliance with internstional QA/GC standards, the idea is to evaluate independently all critical individual components of
the level-1-to-Z retrieval chain, Evaluations are caried out by means of a suite of correlative observations performed by complementary
ground-based and satellite instruments supparted by radiative transfar and chemical-transport madelling tacls.

To ensura that the final product of such a complex production chain is validsted meaningfully, validations cannat be limitad to comparisens with

carralstive messurements of the final total column data. An end-to-and uslidation of critical individusl campanents of the leusl-1-ta-2 retrizual chain
has been set up, =.q. to detect uncartainties sffacting intermediste parametars but possibly cancelling =ach othar in tha final data product.

GDP 4 level-1-to-2 retrieval

Assesment of the
Spectra (L1) quality of SCD

(+ residuals) and
Reference — Clouds verification wrt to

bl DOAS fitting other operational
data OCCRA/ROCCIN products or other

satellites

Total SCD

L

Reference data, TIVIF Stratospheric
climatology > . content

compItatlon _ estimation
Corrected VCD

Slant, AMFs . T heric |
! ! ) computation ropospneric
clouds

/ VCD corrections
L2

Assesment of the VCD ( ]

(tropo. and strato.) with t—/’—

correlative meas.

Auxiliary databases and

E.g., for MOZ2, the end-to-end validation approach consists in: (a) an assessment of the quality of GOME-2 DOAS analysis results, by confrontation
of GDP 4.7 retrievals performed respectively on GOME-24 and GOME-2B spectra, both on an orbit-to-orbit base and time-series comparizons, and by

cordiordotice of EEOLA T eokeicnale ibh GO oo ol of bhe ccicedific dodo ruccoccon TohaTS (b e podiditn of
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EUMETSAT O3M-SAF: Trace Gas Validation Server

>

The EUMETSAT

% & osmsar Validatich
e sar or Amcuphei Conposkin }:& Qlféjjty AS S@SS

Products + Validation = Quality Assessment Links *+ Registered Pages

Validation Figures http://cdop.aeronomie.be

Fleaze select a gas to see the respective validation figures.
Platform You can also select other parameters:
MetOp-A

» comparison Platform to select only figures for Metop-A or Metop-B,

* comparson Validation Reference to select only figures relative to satelllite or ground-based instruments,
« xpmparison Station or Region to select a specific geographic location,

» cofsgarison Instruments to select only specific type of instruments,

deronomie

to enlarge it, or select several to browse them.

Gas_ N02 I iEI METCP_A E Ground-Based E Harestua |E| d:-ai_'m'-.!‘.p"uch:hE"'E | Resat || Show all images
N\

Validation reference:  Station: Instrument: DOAS ..
ground-based Harestua  with photochemistry belspo
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ESA Multi-TASTE Phase F:

GOMOS 03 data screenmg
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NORS Validation Server for Co

Intercomparison Selection

Reports

Mean CO.MIXING RATIOVOLUME profiles MACC vs NORS
(FC ficya ws FTIR, 2013-11-01 00:00 to 2013-11.30 00-00)

T T
| = HORS rmeean profile with 5TO

0.06 0.0F
VMR [ppmv]

Mean CO.MIXING RATIOVOLUME profiles MACC vs NORS
(FC flya ws FTIR@IZANA, 2013-11.01 00:00 to 2013-11-30 00:00)

T T
| — HORS mean profile with 5T0
E MALCT mean peofile with STD

http://nors-server.aeronomie.be
See also presentation by M. De Maziere

Filter Options

ernicus Atmosp

SEVENTH FRAMEWORK

PROGRAMME
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>

NORS Validation Scheme for Copernicus Atmosphere

NORS FTIR, MWR & UVVIS (TROPO) (co-located) MACC

o ,C";."_ . g;;'ﬂ'ri AN TN PN no fill values \

. N v use 2 to extract MACC profiles

o if £% #(£%)" orfill values: £%5 =0 > Alg 10: g’f-” [ppv]
case 3: FTIR '

case 1: UVVIS & MWR

e if *}; has fill values: Alg4

smooth with AVK

CMS
e Algl5 : Uf's[nmlecfmz] Alg 13: O3 [ppv]

=

e Algld 077,077,057 or Oy ‘mmducts

,_'H'.H)E-' O."-.".ll)l" OM.E o
for FTIR and MWR
o Alg20 : O Cmn op O Cmin

deronomie

— —
SEVENTH FRAMEWORK
PROGRAMME
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http://nors-server.aeronomie.be

See also presentation by M. De Maziere
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Traceability of
Validation
Processing
Chain

Illustration: validation
process for nadir
backscatter UV ozone
profiles (from MetOp-A
GOME-2)
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Satellite
retrieval
data

Priorand T |/ y

data, cloud

and surface
info, etc.

Multiple?
‘Y

Satellite data
harmonisation

4
Mutual satellite
flagging

Content
histograms

h
Qutlier flagging

Y

Sampling
statistics

A 4

Information
statistics from
AKMs

v v

Set co-location

criteria

v

Reference
data

4

Multiple?

"(

Reference data
harmonisation

Y
Mutual reference
flagging

Y
Smoothing?
'Y
Profile extension -«

Extract co-located

data

v

Co-location

sampling
statistics

v

Sampling?

Keppens et al., AMTD 2014  Good

-

RALVZ.1 for GOME-2 2007-8

_ o .

Bad

User-relevant objectives and
quality indicators at each step:

1. Data selection and post-

processing:

= Harmonisation of data
representations
Maximise agreement of
evaluation settings

. Dataset content study:
Impact of screening
Geographical and temporal
coverage
Horizontal resolution

. Information content study:
Information content metrics
Vertical sensitivity
Vertical resolution (estimate)
Height registration

4. Correlative measurement

selection:

* Maximise overlap of satellite
and reference measurement air
masses

. Co-located datasets study:
Sampling of co-located satellite
and reference data
Justification of co-location
settings
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Traceability of Validation Processing

v 'I' Keppens et al.,, AMTD 2014

Method?

Units?*

Us = Uc = Ug lus = ug# Ur |luc# us=up

Regridding**

Coarse AK sm.

Fine AK sm. |

h 4

h 4

- Ref. regridding

- Ref. regridding
- AK smoothing

- AK interp.
- AK smoothing

- Ref. conversion

|- Ref. regridding

- Ref. conversion

i- Ref. regridding

- AK smoothing

- Ref. conversion

{- AK interp.

- AK smoothing

- Ref. conversion
i- Ref. regridding
- Sat. conversion

- Ref. regridding
- AK smoothing

|- Ref. conversion
- Sat. conversion

- AK interp.

- AK smoothing
|- Ref. conversion
- Sat. conversion

Difference
histograms

h 4

Identify
dependences

\ 4

Co-location data
sub-selection

N S

Difference
statistics

Loop over
dependences

* us, uc, and ug for satellite, comparison, and reference units, respectively.

** Regridding only, or regridding including function smoothing (Gaussian, triangular, others). Regridding possibly by summation for sub-columns.
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6. Vertical resampling of referen

profiles:

= Common vertical grid

= Apply satellite measurement
smoothing to reference profile

. Comparisons:
Difference average (bias) as
measure for satellite accuracy
Total satellite uncertainty
estimation by combining bias
and random satellite uncertainj
or bias and comparison sprea
Comparison bias and spread
dependences on physical
conditions and/or retrieval
metadata
Difference timeseries for
stability analysis

prassurs [1Pa) pressure [hPa) _nms:.ra [hPa)

prazsure [hPa)

I'ML w2 1 for GOME-2 2007-3

I N m m
Wn07  Sep07  MayoB  Jande
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| |
| |
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-7

1 .sn
15
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Belgian Atmospheric Composition and Solar Radiation
GEOSS SBAs

space weather

CFCs, HCFCs, HFCs UV radiation

Disasters

HCHO
CHOCHO

HNO,

CO

surface

aerosols

N
@Weather
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