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Approach to ALTIUS Ozone Profile Validation

1. ALTIUS mission requirements
2. Validation means
3. Heritage systems
4. Phase E1 planning
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Scope of ALTIUS Ozone Data Validation

Mission and User Requirements

• ALTIUS Mission Requirement 
Document (MRD) 

• Earth Watch mission → user-
oriented operational solution

• OPEROZ report
• GCOS Implementation Plan
• CEOS AC-VC interoperability 

requirements
• Other sources identified
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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
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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
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Generic Ozone Profile Validation Protocol
(provides Quality Indicators, includes round-robin function)

7



ESA Living Planet Symposium, Bonn - May 23, 2022 Approach to ALTIUS Ozone Profile Validation - 8

Comparisons to ground-based monitoring networks
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Comparisons to ground-based monitoring networks
Co-locations with historical Limb, Stellar and Solar occultation sounders

CP MVP

CP MVP

SCIAMACHY

GOMOS

ACE-FTS



ESA Living Planet Symposium, Bonn - May 23, 2022 Approach to ALTIUS Ozone Profile Validation - 10

Comparisons to ground-based monitoring networks
Timeliness of NDACC Lidar data availability over the last 2 years
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Comparisons to ground-based monitoring networks
Timeliness of ozonesonde data availability over the last 2 years
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Cross-validation with other satellites
Comparison with Limb, Solar occultation and Nadir sounders

• 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
• Cross-validation with alternative ALTIUS L2 retrievals
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• Compliance with GCOS 
& Ozone_cci+ CRG 
requirements

• Compliance with CEOS 
interoperability 
requirements

Cross-validation with other satellites



ESA Living Planet Symposium, Bonn - May 23, 2022 Approach to ALTIUS Ozone Profile Validation - 14

Analysis of information content 
and other diagnostics

S5P O3_PR NRTI v2.3.1 vs. ozonesonde

Dec-April 2022

S5P O3_PR NRTI v2.3.1 vs. NDACC lidar

Dec-April 2022

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

Combination of data comparisons and of 
information content analysis
Example: Sentinel-5p TROPOMI ozone 
profile validation:
 DFS ~ 6 pieces of independent information
 Sensitivity ~0.5 at surface, ~1.5 peak in UTLS
 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
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Modelling support

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
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Pathfinder: the ESA/Copernicus Sentinel-5p 
MPC Routine Operations Validation Service

• Monitoring of S5P products health

• Maintenance of S5P data quality documentation

• In-depth validation and support to L1/L2 
algorithm evolution

• Synthesis with S5PVT results, ECMWF/CAMS, 
peer-reviewed literature…
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• 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

ALTIUS validation operations and organization – Phase E1
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Future Announcement of Opportunity

 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.

Approach to ALTIUS Ozone Profile Validation 19
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