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IVOS MISSION statement 

Mission 
 

“To ensure high quality calibration and validation of 
infrared and visible optical data from Earth observation 
satellites and validation of higher level products” 
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IVOS Terms of Reference 
1. Promote international and national collaboration in the calibration and 
       validation of all IVOS member sensors. 
 

2. Address all sensors (ground based, airborne, and satellite) for which there 
       is a direct link to the calibration and validation of satellite sensors;  
 

3. Identify and agree on calibration and validation requirements and  
       standard specifications for IVOS members;  
 

4. Identify test sites and encourage continuing observations and  
       inter-comparison of data from these sites;  
 

5. Encourage the preservation, unencumbered and timely release of data 
       relating to calibration and validation activities including details of pre-launch  
       and in flight parameters. 
6.  In the context of calibration and validation encourage the full consideration 
of “traceability” in all activities involved in the end-to-end development of an 
EO product including appropriate models and algorithms. 
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Operational Structure 
• Agency reports to be encouraged but not  presented except in exceptional circumstances 

or if a new member. 
 

• Detailed Technical theme each meeting (0.5 – 1 day) 
 

• Community technical workshops ~ tri-annual 
 

• Theme Champions 

       Sector themes: 
-  Land (reflectance) – Chander USGS 

-  Ocean (reflectance) colour – Zibordi JRC 

-  Surface temperature – Corlett Uof Leic 
 

Also more general activities at plenary  
e.g. sensor pre-flight calibration  

-                
 
 
 

• IVOS as Conduit for existing  “community 
     expert groups” - Need to increase engagement 

 

• Serving Cal/val needs of IVOS relevant constellations   
•                 - e.g. org of comparison, interface to CEOS 

 

Cross-cutting 
- Atmospheric corn – Thome NASA 

- Geo/Spatial Quality – Helder UofSD 

- Geometric image Quality – TBD 

- Sensor to Sensor biases – Fox NPL 

- RT code – Widlowski JRC 

- Communication/portal – Goryl ESA 

Focus task groups 

- WG 4 cross-comparisons     Bouvet ESA 

- Libya 4 -  Henry  CNES 

-   LandNET prototype    - Bouvet ESA 
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Work plan for optical sensors: (land/ocean) 
Pre-flight 

“Image quality” 

• Sharing best-practise 
• Informal peer review 
• Ref stds  

Geometric 

Mission 
specific 

Harmonisation
/bias removal 

Test-sites / Methodologies 

On-Board Vicarious 

Post- launch 

• Sharing best-practise 
• Informal peer review 
• Ref stds  

• Sharing best-practise 
• Informal peer review 
• Tools/infrastructure 

Algorithms/code 

Radiometric “Products” 

• Consistency 
• Cost 
• Suitability 
• Usability 
• Comparisons 
• Traceability 

Vis Sources 
Black bodies 
MTF 
Spectral 
….. 

Diffusers 
Black bodies 
… 

‘SHARED’ 

AGENCIES 
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IVOS: Vision 

To facilitate the provision of ‘fit for purpose’ information through 
enabling data interoperability and performance assessment through 
an ‘operational’ CEOS coordinated & internationally harmonised 
Cal/Val infrastructure consistent with QA4EO principles. 
 
• Pre-flight characterisation & calibration 
• Test – sites 
• Comparisons 
• Agreed methodologies 
• Interchangeable/readable formats 
• Results/metadata - databases   

Key Infrastructure to be established and maintained 
independent of sensor specific projects and/or agencies 
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CEOS IVOS 25 
Mar 19-21  2013 

ESA – ESRIN (Frascati, Italy) 
 

• Attendees: 25      + 7   Made use of web for external participation 
• Highly productive  
• Team well motivated to coordinate and deliver an international shared work plan 
• Several new collaborative initiatives  
• Follow-ups to recommendations agreed 
• Plans for inter meeting webex discussions 
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CEOS IVOS workshop on: Libya 4  
 (Oct 4-5 2012   CNES Paris 

CEOS ‘non-instrumented’ Test sites for Stability 
and sensor to sensor cross-comparison 

• 25 attendees 
 

• Working meeting 
 

• Focus on one site 
 

• Share ideas 
 

• Different sensor  
 

• Cal/comparison methods 
 

• Site characteristics           
– observed/modelled 
 

• High and medium res  
 

• What can & might be 
achievable? 
 

On-going project to look at improving effect of surface BRF 
 - Groups to evaluate use of CNES BRF  
               - Spectral reflectance of site 
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25 th Meeting: objectives 
 

Information exchange and facilitating international 
collaboration on Cal/Val related activities  

- Review actions/progress on work plan/activities 
- All sub themes  
- Conclude on strategy to establish land network of test sites for radiometric gain 
- Progress on comparisons and methodologies 

- Particularly ‘Miami 4’ brightness temperature (underpinning SST) 
- Progress from and review of ‘Libya 4’ meeting – CNES (Oct 2012)  

- Interactions of IVOS with other CEOS/GEO activities   
- WG-Climate 
-  Constellations 
-  GEO 

- Progress towards an internationally coordinated Cal/Val infrastructure  
- QA4EO 
- Portal 
- Tools/systems/databases 

- workshop planning 
 

- Membership, actions, and intra-meeting progress  
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Recommendation/request to CEOS SIT  
via WGCV 

Agencies to provide the necessary resources to participate in an 
intercomparison effort of ECV (land products) ‘retrieval algorithms’ 
under controlled conditions using instrument-specific synthetic TOA 
datasets generated over highly realistic land sites (both vegetated and 
non-vegetated) with RAMI-verified Monte Carlo models of known 
accuracy and precision.”  
 
 
Note:  JRC will establish data set/protocol etc but needs to know that 
agencies will participate.   Propose a letter to CEOS SIT advising of 
proposal and to endorse a letter calling for participation and 
subsequently ask agencies to encourage/support participation of those in 
there area of influence 



IVOS 



IVOS 



IVOS 

Recommendation 5:  Comparisons to ensure a  
Globally consistent post-launch Cal/Val framework for 
CEOS sensors 
Background  All sensors require as a minimum post-launch verification of 
performance -  L1 radiances  & L2 products as appropriate 
• Calibration of most optical sensors drifts 
• Long term data continuity and operational services require sensor harmonisation 
• CEOS role to facilitate international harmonisation through shared infrastructure 
• Post-launch cal/val test-sites and campaigns must be carried out in a consistent and 

traceable manner which requires as a minimum regular comparison across and 
within geographical regions & it is the duty of CEOS agencies to facilitate access 
to such comparisons for the benefit of all  

Recommendation  5   Following the success of the three previous CEOS comparisons 
of radiometers in support of satellite derived SST measurements  (Miami 1, 2 &3) it is 
timely (5 yrs) that the next comparison  be organised for 2014.  This will be timely to 
serve the needs of the new SST VC and the expected launch of some new sensors.   
• Resources are required from one or more agencies to enable effective detailed 

planning and preparations to commence in early 2013.  
• CEOS IVOS and SST-VC and GHRSST have started initial planning and may look 

to build upon and extend the previous exercises to include more direct linkage to  
•       satellite  sensors.  
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Planning for ‘Miami IV’  (not necessarily in Miami) 
• A Laboratory comparison of instruments (in environmentally controlled conditions 

for range of expected observed variables  (NPL/RAL/Miami all poss options) 
 

• Limit number of instruments to representatives of a participant 
 

• Ensure that formal linkage to SI traceability is achieved as part of the process 
through an NMI (NPL/NIST). 
 

• Ideally include pre-flight satellite calibration black bodies.  
 

• Comparison to be conducted/analysed (pilot) by independent organisation ideally an 
NMI 

 

• Comparison of radiometers to be made on Ocean (ideally over a range of 
temperatures and sea state conditions)  Baseline proposal to carry out series of bi-
lateral (or more) using ships of convenience in transects over the Ocean.  Providing 
linkage between comparisons can be made with a series of ‘common radiometers 

• can facilitate on-going process with new participants able to join the comparison and 
demonstrate linkage (degree of equivalence) with other participants at any time. 
 

• A host agency needed to fund overall logistics/analysis etc (ESA indicated their 
willingness) with individuals organisations responsible for self-funding their 
participation (with support from their local CEOS agencies). 
 

• Could include Land radiometers for linked comparison 
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Next steps:  Letter to SIT 

Following acceptance of recommendation at plenary to announce plan for 
Comparison and request for support from agencies to: 
 
1/  Provide logistics etc for comparison – (probably ESA Plus others welcomed) 
 
2/  Commit to Support participation of appropriate teams in comparison activities 
 including ship based deployment 
 
Time frame:  2014 start 
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Post launch cal val 
 

Interoperability 
 

Bias assessment/removal 
 

Sensor drift monitoring/correction 
 

End to end performance check 
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CEOS endorsed test sites for Land and 
Ocean can be used as standards to cross-
compare between sensors and to ground 
data providing each site is compared to 
each other 

Networks of test sites and 
methodologies can become 
operational calibration service  

 improved through use of 
reference standard SI traceable 
sensor e.g. TRUTHS/CLARREO 

(Part of Climate architecture doc) 

 

Vision:  Operational calibration service through  
“CEOS standard” sites/methodologies 

Linked by 
TRUTHS 

Linked by 
TRUTHS 

Linked by 
TRUTHS 
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CEOS infrastructure: Needed to support  
interoperability and long term data continuity & reliability 

• ‘Test sites’ / Intrinsic methods   - with documented methodology including   
    how to do uncertainty assessment   

• Facilitate sensor performance testing/correction 
• Sensor to sensor bias evaluation/removal 

 -  Catalogue of ‘sites’/methods and relative usefulness for sensor/application 
 Major progress (radiometric aspects)    
 -  Access to results of sensor comparisons to/or using site/method 
 Have a data base template plan to start populating and analysis method 
 Will need CEOS infrastructure  (SADE, DIMITRI, CAL/VAL portal) 
 -  Longevity of site availability (non-mission specific) 
 Key area of concern 
 -  Comparability of  information from use of site/method  
 Have identified minimum instrumentation for Land 
 -  Evidence to underwrite ‘site’ characteristics/usefulness  
 Regular comparisons between sites/methods ‘traceability’ 
 -  Operationally delivered activity 
 need autonomous data collection/provision from site (& sensor) & analysis 
              data policy, (Aeronet like)         
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CEOS IVOS Working Group 4:  
Fixed Sites 

 
Methodology intercomparison initial results 

summary 
 

Chair:  (Marc Bouvet) 



27/07/2012 | Slide  23 

The results: including a correction for Type B 
uncertainties identified 

• Here a correction for 
Type B (=systematic) 
uncertainties identified is 
added to the results from 
DIMITRI and RAL 
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Ground characterised test sites 
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LANDNET:  CEOS autonomous network 
of ~5 (minimum) instrumented (traceable) test-sites 

Soil Moisture Probe

Sky irradiance
Sky radiance

Thermometer
Hygrometer

Solar radiometer

MultispectralCommunications

Minimal specification of equipment on site:   
-  Master and nodes (1 per ~500 m2) 
-  May not always need atmosphere measurements 
-  ~ Min 10 channels 

Set up costs ~ $80k – 500 k 
   - systems exist others low cost 
     options under development 
 
Need annual long term maintenance  
~ 0.5 person year 20+ years 
 
Central coordinating facility  
 - QA / Data collation /processing … 
 
Regular traceability and 
comparisons (appropriate facilities 
and reference standards) 

K Thome     NASA 
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Prototyping LandNET 
New focus group – Marc Bouvet ESA (chair)   Patrice Henry (CNES), Kurt Thome 
(NASA), Nigel Fox (NPL) ??? (AOE/CAS)?? 
 
• Identify small group of test sites/operators/experts 

• La Crau (CNES) 
• Rail road Valley (NASA/UofA) 
• A new ESA/CNES site (to be found and established)  (start summer 2013) 
• China???  

 

• Establish protocols and strategy for a network of automated test sites 
• Measurements 
• Formats 
• Traceability 
• Processing to a product (sensor)  
• Coordinating/traceability lab 

 

• Collect/analyse/compare data sets (<50 m resolution sensors) over all sites 
• Landsat 8 
• Spot/Pleiades? 
• China? 
• Sentinel 2 (future) 
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Involvement of China test site in LandNET 
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Comparisons: Cross-comparison data base 
 workshop Action A2   

Towards establishing a ‘CEOS harmonisation coefficient’ 
•  Establish fully sort-able database for sensor comparisons (based on any declared 
method) with any reference standard (site, sensor, “method” etc)  

• Some baseline QA criteria in terms of data population. 

•  Access to data open to all CEOS but no publication without agreement  

•  WG to be established to define and agree method of analysis of all data 

•  bandwidths, uncertainties (weightings from methods), outliers … 

• Means to present results: - to a ref sensor, to a mean of all, to a community 
defined value  

• Look to take full benefit of GSICS established processes 

• Chaired by IVOS chair 

•  Populate data base with summary of comparisons for sensors (outputs of SADE, 
Dimitri etc 

•Excel pro-forma on cal/val portal   
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working toward high accuracy and consistency of essential 
climate variables from multiple satellite ocean color missions 

…a joint CEOS/IOCCG initiative… 
 
 Giuseppe Zibordi and Sean Bailey   

in collaboration with  
David Antoine, Philippe Goryl, Bertrand  Fougnie, Menghua Wang, 
Bryan Franz, Carol Johnson,  Hiroshi Murakami, Ewa Kwiatkowska, 

Young Je Park , Prakash Chauhan 
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   The Ocean Color Radiometry - Virtual Constellation (OCR-
VC), developed in the context of the Committee on Earth 
Observation Satellites (CEOS), aims at producing 
sustained data records of well calibrated and validated 
satellite ocean color radiometry to assess the impact of 
climate change in coastal and open sea waters.  

 
 Within this framework, the International Network for Sensor 

Inter-comparison and Uncertainty Assessment for Ocean 
Color Radiometry (INSITU-OCR) initiative aims at 
integrating and rationalizing inter-agency efforts on satellite 
sensor inter-comparisons and uncertainty assessment for 
remote sensing products. Emphasis is placed on 
requirements addressing the generation of Ocean Color 
Essential Climate Variables (ECV) as proposed by the 
Global Climate Observing System (GCOS).  



 Ensure comprehensive pre-launch sensor calibration & characterization 
 All satellite ocean color sensors should undergo a comprehensive pre-launch instrument calibration and 

characterization traceable to SI standards to ensure continuation of the current time-series of OC ECVs.  

 Provide open access to calibration and characterization data  
 Agencies should provide open access to the pre- and post-launch instrument calibration and characterization 

data for all ocean color sensors. 

 Establish a permanent working group on satellite sensor calibration  
 Experts from ocean color mission calibration teams should meet regularly to review calibration and 

characterization methodologies and results, cross-calibration studies, and address instrument issues.   

 Maintain at least one long-term vicarious calibration site 
 Maintain at least one long-term vicarious calibration site (but multiple sites are encouraged) with SI traceable 

radiometry pursuing the objective of producing and delivering highly accurate measurements collected under 
ideal measurement condition in a region representative of global ocean observations. Vicarious calibration 
should be reassessed whenever the instrument calibration or OCR retrieval algorithm is modified. 

 Support calibration teams  
 All agencies should consider that a fundamental requirement for the OCR-VC is to maintain support for the 

calibration team throughout the life of the mission.  

 Continuously assess and correct sensors degradation 
 All ocean color missions should have at least one suitable system to monitor the temporal degradation and 

episodic changes in sensitivity of the instrument. Additionally, Space Agencies should commit to support 
continuous assessment and correction for temporal changes in instrument radiometric performance, and to 
quantify uncertainty in the temporal calibration.   



 Distribute calibrated and un-calibrated data 
 In addition to distribution of calibrated data (i.e., Level 1B), the Space Agencies should promote the 

distribution of un-calibrated data (e.g., Level-0 or Level-1A) and the sharing of tools necessary to apply the 
calibration and characterization information. 

 Support permanent working groups on algorithm topics  
 It is recommended that the Space Agencies support international working groups on OCR related algorithms 

and associated uncertainties. This is a fundamental step in view of achieving consensus on the most effective 
and consistent approach for multi-mission satellite application. 

 Enforce quantification of products uncertainties 
 Enforce quantification of uncertainties on a pixel-by-pixel basis in satellite OCR and derived products. 

 Promote the development of regional bio-optical algorithms  
 Promote programs for the development of regional bio-optical algorithms with emphasis on the definition of 

uncertainties and inter-regional merging of products. When existing data sets would not suit the purpose, new 
field programs should also be enforced for generating the required measurements.  

 Provide open access to source code for processing algorithms  
 It is recommended that the Space Agencies create the ability to process the data from their respective 

missions through a common set of algorithms and to make the source code for those algorithms open and 
available for review and implementation by others. 



 Establish and maintain long-term field measurement programs 
  Long-term measurement programs should be established and maintained beyond any individual mission. 

These should rely on consolidated instruments, calibration methods and measurement protocols. In situ data 
designated to support satellite ocean color validation programs should be globally and seasonally distributed, 
and cover a broad range of water types.  

 Encourage community validation protocols   
 The definition, implementation and application of common validation protocols should be strongly 

encouraged. This should translate into the construction of matchups using identical criteria as well as 
reporting results through identical statistical measures.  

 Generate Level-3 data products 
 It is recommended that Space Agencies produce data sets of global, binned (Level-3) OCR and derived 

products. The binning strategy and spatial/temporal resolution of these Level-3 ECV data sets should be 
identical, including the use of a unified naming convention. 

 Agree on inter-agency consistent ancillary data 
 It is recommended that the Space Agencies agree on the use of a consistent set of ancillary data sources for 

the production of ECVs from ocean color sensors. 



 Improve traceability of in situ measurements 
 Funding agencies should enforce common calibration schemes and measurement protocols, and additionally 

unify processing schemes and quality assurance criteria to ensure consistency and traceability of in situ 
measurements to SI standards.  Inter-comparison exercises should be considered as the means to enforce 
traceability by promoting state-of-art on instrument calibration, measurement methods, data processing, and 
quality assurance. Practical implementation of inter-comparisons may entail a series of round-robins on 
specific topics together with training opportunities.  

 Ensure continuous consolidation & update of measurement protocols  
 Measurement protocols should be consolidated as a result of a critical review and update of those currently 

documented in peer-review literature or already included in compilations produced by former programs. 
Consolidated protocols should then be published using modern communication methods.  

 Enforce the definition of uncertainty budgets 
 In situ data should be linked to uncertainty budgets determined in agreement with defined protocols and 

accounting for a comprehensive range of uncertainty sources. Ideally these uncertainty budgets should 
include contributions from calibration, processing, deployment restrictions, and environmental conditions.  

 Define and implement community quality assurance schemes 
 Define and implement quality assurance schemes for in situ data. These criteria should be specific for the 

different quantities and should take benefit of ancillary information provided with the data itself (e.g., cloud 
cover or sea state in the case of radiometric data), empirical thresholds, closure between inherent and 
apparent optical properties, models estimate.  

 



 Establish and maintain centralized repositories for in situ data 
 Centralized open access data repositories should be established, supported and maintained beyond any 

individual mission’s life. Repositories should ideally have the capability of indexing data as a function of their 
fitness for specific applications (e.g., vicarious calibration, bio-optical modeling, and validation). Suitable 
mechanisms should be put in place to warrant data submission (e.g., requesting timely data delivery for field 
data produced within the framework of measurement programs funded by Space Agencies, or creating 
benefits like full processing and quality assurance of submitted data, or, where appropriate, convincingly 
recommending authors exploiting archived data to contact contributors and offer co-authorship). 

 Design and implement community processors for in situ data 
 Design, implement and apply community consensus processors for in situ data. This development should 

proceed through incremental steps, for instance by initially creating open access libraries and requesting 
manufacturers to adopt common (or user definable) data formats.  

 Agree on priority variables to be collected 
 A list of variables considered essential for satellite ocean color applications should be defined and considered 

with high priority by any field program.  

 Establish general coordination mechanisms for field campaigns   
 Establish a coordination mechanism to allow for a continuous exchange of information on forthcoming field 

activities to create opportunities for collaboration including instrument exchange, field training, inter-
comparisons. The coordination should be instrumental in ensuring the collection of prioritized in situ variables 
meeting the basic needs for satellite ocean color applications.  

 



 Ensure accessibility and distribution of large data volumes 
 The entire archive of satellite data products should be freely and easily accessible in a timely manner. Space 

Agencies should enter into data sharing agreements so that the source data for all missions are provided to 
their partner Agencies as means of facilitating inter-mission comparisons, to provide mirror sites for improved 
user access to the data and to act as a data-loss risk reduction mechanism.  

 Establish processing capabilities for calibration & validation activities  
  Establish appropriately scaled processing system architectures and computer infrastructures to support 

substantial reprocessing for calibration and validation analyses, in addition to operational processing and 
regular re-processing.   

 Ensure accessibility to documentation  
  A minimum set of documentation on missions/data products should be made available.  This should include 

documentation on the implementation of the instrument characterization and calibration and associated pre- 
and post-launch data, the relative spectral response functions for the instrument bands, and the derivation 
and validation of Ocean Color ECV algorithms.  

 Establish common data formats 
  It is recommended that a common data format be agreed upon for the storage of the satellite data produced 

by all Space Agencies.  A good example is netCDF with CF compliant metadata.  At a minimum, tools should 
be provided by the Space Agencies to allow users the ability to easily read the files – whatever the format. 

 Provide support for open source data processing and visualization 
 Space Agencies should support the development and distribution of open-source data processing and 

visualization software, including the source code used in the generation of mission Ocean Color ECVs.  
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IVOS concern – Recommendation  
to CEOS SIT 

Noting  that CEOS WGCV (through its sub-groups) was established to be the 
focal point for CEOS agencies, VC, WGs etc  on Cal/Val issues related to sensors 
and associated products it is a concern that NEW groups need to be formed to 
address the same issues. 
 
• IVOS asks CEOS WGCV to make reference to the proposed initiative of 

INSITU-OCR acknowledging its support for the proposed actions and strategy 
but suggesting that radiometric discussion and coordination of Cal/Val of OC 
sensors (pre-flight and post-launch) should be carried out under the auspices of 
CEOS WGCV and in particular its IVOS sub-group 

• IVOS notes and encourages ‘experts’ to meet and discuss at locations 
to suit and not necessarily at IVOS plenary but that they report and 
act through it. 

• Example of SST –VC   
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Action/Request to SIT 

Note: Critical importance of linking TOA satellite measurements with BoA ground 
data – particularly for Cal/Val  
 
• Atmospheric correction one of the largest sources of uncertainty in process 

 
• Cal/Val uses RT models/codes in less stringent manner than for AC applications 

 
• Many codes, many different ways of using 

 
• Formal comparison using standardised set of input parameters to be used by 

participants in their ‘favoured manner’  
 

• K Thome NASA will produce data set and collate results from all wishing to 
participate. 
 

• CEOS SIT to endorse activity and encourage participation. 
• Likely to include a few specialists from AC group as well 
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Other on-going activities 
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Table of Contents: 
 
General/Tools 8 
Geostationary  10 
Spectral  7 
LEO    8 
Microwave  7 
Total   40 
 

Gyanesh Chander USGS led effort 
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Manuscripts Received 
• There has been a lot of interest in the community with 

regards to the special issue topic 
• There was an overwhelming response and close to 60 

manuscripts were submitted 
• 40 Manuscripts were accepted for publication  

 
• Example of the contributors 

– ARGANS, CAS, CMA, CNES, ESA, EUMETSAT, ISRO, JAXA, 
KMA, JMA, MIT, NASA, NOAA, SDSU, USG, etc. 

• Example of the sensors covered 
– AVHRR, AMSU, (A)ATSR, CLARREO, ETM+, FY-

2/2C/D/E/3B, GOES, HIRS, Hyperion, IASI, Jason-2/OSTM, 
MODIS, PROBA, SCAIMACHY, Sentinel-2, etc.   

 



IVOS 

IVOS technical workshop 
Planning starting for next IVOS technical workshop 

Topic:  Pre-launch and on-board calibration of satellite sensors 

Date/location:  To be reconsidered in light of travel constraints 

Sensor Pre- and on-board calibration 
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Summary / Future activities 
CEOS WGCV IVOS   

 
•  working successfully on a number of collaborative projects 

• Needs CEOS agency support – particularly for comparisons 
• Unclear how to progress with actions/recommended and endorsed by 

plenary 
• Most could be labelled as QA4EO 

 

• Will initiate inter- ‘plenary meeting’  using webex ~ 3 monthly 
 

• Looking to review status/value of CEOS endorsed ‘Reference solar irradiance 
spectrum’ 
 

• Will look to greater coordination with GSICS  
 

• Looking for volunteers to host IVOS 26  (Spring 2014) 
 

• Still needs to have increased active participation from all agencies 
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