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BIRA.IASB

Approach to ALTIUS Ozone Profile Validation @
fii A

1. ALTIUS mission requirements
2. Validation means

3. Heritage systems

4. Phase E1 planning
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ALTIUS

Scope of ALTIUS Ozone Data Validation

BIRA.IASB

Near-real-time
(ALT-MRD-PRI-010)

Mission requirement Ozone hole

(ALT-MRD-PRI-010)

Ozone climatologies
(ALT-MRD-PRI-020)

(target / threshold)

e o . Altitude range [km] 15-45 20-45 15-45

MISSIon and User ReqUIrementS Vertical resolution [km]* 05/1 05/1 1/2
Across-track resolution [km] 50 /100 50 /100 20 /100

.. . Along-track sampling [km] 200 200 N.A.

¢ ALTI US M ISSIon ReqUIrement Geographical coverage global global polar
Uncertainty [ppbv] 50 /100 50 /100 50 /100
Document (MRD) Uncertainty [%] 5/20 3/10 10/ 30
Data latency < 3 hours 4 weeks 4 weeks

« Earth Watch mission — user-
oriented operational solution

Mission requirement

(target values)

Mesospheric ozone

(ALT-MRD-SEC-010)

3-D tomographic ozone fields
(ALT-MRD-SEC-120)

Altitude range [km] 45-100 15-45
Vertical resolution [km]* 1 1
° OPEROZ re pO rt Across-track resolution [km] 50 2
. Along-track sampling [km] 200 200
* GCOS Implementation Plan Uncertainty [%] 10 5

 CEOS AC-VC interoperability

Requirement Middle and lower Upper stratosphere and
: stratosphere mesosphere
requirements °
Frequency 4 hours daily
. ‘£ Vertical resolution [km] 2 3
([ J
Other SOUrces Identlfled Horizontal resolution [km] 200 200
Measurement uncertainty [%)] 10 5-20%
Stability per decade [%] 2 2

* Resolution requirements are currently under discussion.
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Specific Level-2 validation targets

» Validation of geophysical quantity
value with production of diagnostic
(ex-post) uncertainty estimates

« Validation of prognostic (ex-ante)
uncertainty estimates

* Dependence on influence quantities

* Analysis of retrieval diagnostics

» Verification of data Quality Flags

ESA Living Planet Symposium, Bonn - May 23, 2022 Approach to ALTI

Table 8 — Specific requirements for ALTIUS Level-2 ozone profile data validation. Observation modes: BL =
Bright Limb, SO =Solar Occultation, ST = Stellar Occultation.

ALTIUS mode
Variable Range Rationale
BL SO ST
Ozone density:
15-20 km (UTLS) X X X 1-3 10** molec.cm™ Measurand
20-35 km (MS) X X X 2-7 102 molec.cm?
35-45 km (US) X X X 0.1-1.5 102 molec.cm™
Influence quantity BL SO ST Range Rationale
0-50 km profile Major influence quantity, unit
Temperature X X X 180 K (Os hole) to 290 K | conversion
Pressure X X X 0-50 km Sca.t'ter'ln.g, altit}.lde .
registration, unit conversion
Cloud top height X X X Boundary, upwelling radiation
Cloud top albedo X X X Upwelling radiation
Aerosol height X X X Boundary, upwelling radiation
Surface albedo X X X 0.05 (ocean) to 0.95 (ice) | Upwelling radiation
Star temperature X 2300 K to 7000 K (cool) | Signal-to-noise ratio
X | 7000 K to 46,000 K (hot)
Star magnitude X -2 (strong) to +4 (weak) | Signal-to-noise ratio
X 0° -90° Identifies radiation source,
Solar zenith angle X 90° - 108° controls radiative transfer
X 108° - 180°
X -10° to 10° (back) Identifies radiation source,
LOS azimuth angle X +10° to +45° (slant) controls radiative transfer,
X +45° to +90° (side) determines profile geometry
Obliguity, beta X X Determines sensing conditions
angle and resolution
Occultation type X X .Rise, setat spacecraf_t Diurnal cycle
Rise, set at tangent point
Diagnostics BL SO ST Range Rationale
Quality flags X X X For each level and profile | Removal of outliers
Ideally for each retrieval; . i .
Vertical averaging or at minimum 1 Required for.lnformatlon .
kernel matrix (AK) X X X | representative matrix per contenf StUdle_S’ DFS, vertical
observation mode, rESFJ'UtIO-n, altitude
latitude zone, month... registration...
. Ideally for e_a(.:h retrieval; Significance of (dis)agreement
Error covariance or at minimum 1 B .
matrix (ECM) or X X X | representative matrix per with correlative

error profile

observation mode,
latitude zone, month...

measurements, validation of
reported errors

Chi-square, RMS

With every ozone value /
retrieval

Quality indicator for retrieval

ALTIUS




BIRA.IASB

ALTIUS Validation Approach
45 requirements

« Standards

* Cardinal validation targets

« Mission and user requirements

« Data content and documentation
« Validation approaches

« Data analysis

« Planning and organization

* Tools and services

Identifier

ALTIUS validation requirement by category

STANDARDS AND TRACEABILITY
ALTIUS Cal/Val activities shall adhere to the general EO data quality

Sections

team(s) issuing the report.

ALT-CV-REC-001 41
@ strategy established in the QA4EQ framework.
Traceable Quality Indicators shall be produced to enable users to
ALT-CV-REC-002 41
& evaluate readily the fitness-for-purpose of the ALTIUS data.
ALT-CV-REQ-003 ALTIL.JS Cal/Val activities shall adopt standards and best practices for 41,2324
terminology.
ALT-CV-REQ-004 ALTIUS C.?I,Nal activities based on data-l:om.parl-s.ons shall ..adopt a a4
community endorsed process of generic validation operations.
Maturity of the ALTIUS Cal/Val shall be assessed at minimum against
JALT-CV-REQ-005 | the CEOS WGISS Data Management and Stewardship Maturity Matrix 4.5
for satellite data validation.
ALT-CV-REQ-006 Traceability of the ALTIUS validation process, methods, tools and data a1
shall be documented.
Validation reporting shall include traceability information on the
ALT-CV-REQ-007 | ALTIUS data product, the validation processing, and the validation 4.1

ALT-CV-REQ-008

CARDINAL VALIDATION TARGETS

Quality indicators shall be established for Level-2 geophysical
quantities (vertical profile of ozone concentration).

41,4.2,43.8,5.1

Validity of the ancillary and auxiliary parameters used by the Level-1-

with respect to product specifications.

ALT-CV-REQ-009 42,51
to-2 data processors shall be verified.
Theoretical ex-ante uncertainties associated with the Level-1b and

ALT-CV-REQ-010 | Level-2 data products shall be given quantitative evidence of their 42,4.3.8,51
validity.

ALT-CV-REQ-011 Quality flags and ofdata. usagelrecommenda.tlonf: zfssocmted .w:|th the 42,51
data products shall be given evidence of their validity and efficiency.

ALT-CV-REQ-012 Cc.nmpllam:e ofal:t.ua.l quallty.ofthe data product shall be .e\raluated 42,51
with respect to mission requirements and core user requirements.
Compliance of actual quality of the data product shall be evaluated

ALT-CV-REC-013 4,2,5.1

ALT-CV-RECQ-014

MISSION AND USER REQUIREMENTS

Cal/Val activities shall establish quality indicators enabling to judge
the fitness-for-purpose of the ALTIUS data quality comply with
product specifications and mission requirements.

3.2,33

ALTIUS
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ALTIUS

Generic Ozone Profile Validation Protocol

(provides Quality Indicators, includes round-robin function)

BIRA.IASB

1. Requirements: " User requirements

=

Evaluation requirements

— 7T
2. Data selection: v _ v
Research data , / Reference data 6. Correlative data statistics: s
- J i - . 7 # +
i Geographical
v . CorreLatlon and temporal
Mutual filtering |1 HARTIDRIS coverage
3. Data content study: & = ] ¥
e Geographical Content _—" ™~ Bad
Filtering i < Sampling? =
Rirbars and temporal hlstogra_rnsf — - = =
coverage correlations i Good o
"' 7. Data harmonisation: Aut 855 u— '8\ u
e i~ Bad Mandatory: SLAT(AS AT £ 8)7 " Au
= Sampling? Vertical quantity Vertical grid o
matching matching x‘ 4
[ Good P)
4. Information content study: * -
= Information - > = e p—
I metrics Optional for error budget closure: . - #
>~ Dependences . ) Vertical resolution Howtzorka) Space-time -
“Fasolution Prior matching ‘ resolution : : - .
: matching tohi sampling matching
»  and height matching -
registration -~ .- T
------ 2 8. Comparison statistics:
5. Correlative data selection: pac e Difference
Set colocation/ histograms
coincidence +
criteria :
B;a?ea:;d > Dependences
Extract P
Correlative !
data Error budget all
_______________________________________________________________ closure
9. Derivation of quality indicators: i |
sl Overview i 4
table L
10. User compliance verification: %
[ User compliance | jm; —m,y [ < ko’ +uf +u
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Comparisons to ground-based monitoring networks

BIRA.IASB

Table 9 — Ground-based capahilities envisaged for ALTIUS Level-2 ozone profile validation during Phase E1.

Instrument Altitude / Local time Uncertainty Comments [ Priority

vert. resolution

Balloon-b tl o)

Ia Dton horn.e I ground — 30 km d m:lt' Y I - Best vertical resolution, worldwide Ozonesonde
slectrochemica /150m aytime, a coverage / first priority B Lidar
ozonesonde weather a7 al

15 = 50 km 994 Good vertical resolution and
Differential / night-time, @ 15-35 km stratospheric range, limited
Absorption Lidar clear geographical coverage, clear
05k 15 k
(DIAL) m@ m weather 5-20% weather night-time only / first
7 km @ 50 km @ 35-50 km priority
Low vertical resolution and poor
20 = 65 km dav and 6-9% geographical coverage, but very
Millimetre Wave / ) :t I @ 20-54km | janse day-and-night coverage,
Radiometer (MWR) |8 km @ 20-40 km :ulriat;'er 11% demonstrated for trend studies /
19 km @ 60 km @ 64 km | mid-term priority, high priority for
mesospheric ozone
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Comparisons to ground-based monitoring networks

Co-locations with historical Limb, Stellar and Solar occultation sounders
cP

BIRA.IASB
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Comparisons to ground-based monitoring networks @
g A

Timeliness of NDACC Lidar data availability over the last 2 years

FRM Archiving Rate reportv4d_ 20220522
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Comparisons to ground-based monitoring networks @
g A

Timeliness of ozonesonde data availability over the last 2 years

FRM Archiving Rate reportv4d 20220522
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ALTIUS

Cross-validation with other satellites

Comparison with Limb, Solar occultation and Nadir sounders

BIRA.IASB

Several approaches, including comparisons of pairs, of zonal means, and
using ground-based network data as a transfer standard

Detection of features not accessible from the ground and by point-like FRMs
Compliance with CEOS interoperability requirements I e e A A
Cross-validation with alternative ALTIUS L2 retrievals
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Cross-validation with other satellites

« Compliance with GCOS
& Ozone_ cci+ CRG

. i : : .'f':.’ :,.i A '.*.H 3
requirements fuf L CE R Q’;
« Compliance with CEOS Em.;;;;.;.;;.;;;m : = =

interoperability

iz ) 1 :i ¢ :
requirements E L (\x QH e N e

Cdin O5IRIS

DaRE VST I- o N 05005 T [
BN | | f -
:

Envisat MIPAS

wraRTYROEn | | [, weEN J N (]| =3 [
| . ]
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. . . . S5P O3_PR NRTI v2.3.1 vs. NDACC lidan

. Analysis of information content w2 spapniseg anlD

@ ° ° 50 80 A
and other diagnostics " .

-g40* 60

Combination of data comparisons and of : e

information content analysis | ] 2

Example: Sentinel-5p TROPOMI ozone Rl AERRY YR 0

profile validation: diff_[]_olz/cm3]_diff. %  sens.[-] offset [km] FWHM [km]

= DFS~ 6 pieces of independent information — &

S5P O3_PR NRTI v2.3.1 vs. ozonesonde ¢ @&

53Z comparisons at 30 stations \(vilthinl [—90,90] - o GAW

= Sensitivity ~0.5 at surface, ~1.5 peak in UTLS 00

90

ESA Living Planet Symposium, Bonn - May 23, 2022

Vertical resolution ~10-15 km, 7 km @ 35 km

Altitude registration ~-10 km offset (towards surface)
in troposphere, max. +2 km offset in middle
stratosphere

Increased sensitivity and better resolution at high SZA

Data outliers over high surface albedo

Courtesy A. Keppens et al. (BIRA-IASB, S5P MPC)

altitude [km]
N w N
o o o

—
o
{

-30 0 30

diff. [1012/cm3) diff. [%]
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BIRA.IASB

Modelling support @
fii A

Early involvement of BASCOE 4D-var data assimilation system (Belgium),
ECCC (Canada) modelling, and ECMWF (CAMS-IFS), preferably in
parallel to FRM-based comparisons and satellite cross-validation:

» to get complementary insight into ALTIUS data quality
= to detect features not accessible by data comparisons

= to assess ALTIUS products readiness for data assimilation and
applications.

Assessment of co-location mismatch uncertainties and of their impact on
comparison results using metrology simulator OSSSMOSE

ESA Living Planet Symposium, Bonn - May 23, 2022 Approach to ALTIUS Ozone Profile Validation - 15
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Multi-TASTE :

—

opernicus GCOS CCI-OMUG AC SAF

= e

55P MPC OQWGs LOTUS 035-DOA ..

Sentinels-4/5
55P TROPODMI
GEMS MetOp
ALTIUS OMPS
Aura Enwisat

Multi-platform

VERSATILE
QA/VALIDATION
SYSTEM

User requirements

QA / VAL requirements

QA4ED VIM GUM 50
Metrology Standards

Validation Protocols
QA4ECVY QA System

ALTIUS

>

QA/Validation
Expert

NDACC TCCOMN

SHADOZ ESRL Measurement

EVDC AV = 3 Simulator
Bl Networks [ Observing System(s)
System - ™
AROMAT

SSPVT SAUNA Data Comparison

EC Campaigns Simulator
EA! C]"H y Error Budget Closure
Simulator
CAMS-IFS ] Quality Indicators
MERRA-2 g
BASCOE = .
= Analysis
Science & Services
Research & Satellite Algorithm & Scientific
Development Validation Data Evolution Assessments
n @ GEO+LEO constellation S5P TROPOMI VDAF $5P TROPOMI MPC L2 CCI+ H,0 trends
e 3 Harmonisation, SOPs AC SAF GOME-2 L2&L3 FDRAATMOS SCIA IGAC/CEOS TOAR-II
elspo

Trends, noise, oscillations... C35 & CCl ozone, LOTUS Quality Working Groups AQ regulations
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Pathfinder: the ESA/Copernicus Sentinel-5p

m
2
<
[ ° ® ° ° °
= _
MPC Routine Operations Validation Service ® A
® MOI‘IitOI"iI‘Ig of S5P products health Routine Operations Validation Platform  http://mpc-vdaf.tropomi.eu
* Maintenance of S5P data quality documentation . S5P MPC =3
s 3 Search engine to To the
* In-depth validation and support to L1/L2 JALIG R eI SR e | ha
° . ) FRM/network etc. Server
algorlthm eVOIUtlon SENTINEL—SPRECURSC;RMISSIONPERFORMANCECENTRE : ‘:. ‘ .
* Synthesis with SS5PVT results, ECMWF/CAMS,
peer-reviewed literature..
Maintenance of Quality Indicators
| Representative Quality Indicators
Valiccllal:ia;e;:port T Product Readme Files
& @ Cosa Coomes ®© @ con o

Sentinel-5 Precursor
Mission Performance Centre L2 NO2

§5P Mission Performance Centre
Carbon Monoxide [L2__CO____] Readme

Quarterly Validation Report of the
Copernicus Sentinel-5 Precursor
Operational Data Products #14:
April 2018 - March 2022

(opemicus @@ eSa

Europe’s eyes on Earth

; 3 Zits Ve ) R
# Dautschvs Zantrum ﬂ-’ ‘::: :‘r’ B ) —
[F DLR i Lot nnd Il:u.minhrt K N M' o L
I Feman saruace s, Ao Eatatl e Miloroiogs
b RON., R e Science & Technology u Universitat Bremen vaiks b els po

aeronomie.be Facilities Council NILU

o= B 5 Ge g
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ALTIUS validation operations and organization — Phase E1

ALTIUS

i

« Mission Performance Cluster (MPC) like organization and facilities recommended

Level-1 and Level-2 verification performed by ALTIUS product development and production teams
Core validation performed by dedicated VAL team with Multi-TASTE expert toolset

Start of validation tasks with the operational validation system that will serve for routine
operations validation in Phase E2

Close loop between ESA, L1, L2, VAL, core users

 Initial, off-line uptake and assessment of first ALTIUS data by operational user
services planning later the assimilation of ALTIUS data in their systems: BASCOE,
ECCC, ECMWF (CAMS-IFS)

 Complementary validation activities proposed by external teams responding to an
Announcement of Opportunity for ALTIUS validation and coordinated by ESA and
partners in the framework of an international ALTIUS Validation Team

 Pre-launch rehearsal campaign(s) required

ESA Living Planet Symposium, Bonn - May 23, 2022 Approach to ALTIUS Ozone Profile Validation - 18
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Future Announcement of Opportunity @
fii A

= ESA considers publication of an Announcement of Opportunity
for the Cal/Val of ALTIUS approximately 2 years before ALTIUS

launch.

= Objectives:

o to open the ALTIUS Cal/Val to the international community and to a wider
range of external validation data and activities,

o to foster exchanges within the validation community and with the instrument
and algorithm experts,

o to address validation of other ALTIUS species than ozone,

o to promote the use of ALTIUS data.
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