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DADA--0606--02: GEOSS Quality Assurance Strategy02: GEOSS Quality Assurance Strategy

This work is being done within the task DAThis work is being done within the task DA--0606--02 ADC GEO:02 ADC GEO:

Develop a GEO data quality assurance strategy, beginning with Develop a GEO data quality assurance strategy, beginning with 
spacespace--based observations and evaluating expansion to in situ based observations and evaluating expansion to in situ 
observations, taking into account existing work in this area.observations, taking into account existing work in this area.

RussiaRussia’’s Potential Contribution s Potential Contribution 
(in co(in co--operation with USA) operation with USA) 

The AllThe All--Russian Institute for Russian Institute for OptoOpto--Physical Measurements (VNIIOFI), in Physical Measurements (VNIIOFI), in 
cooperation with the National Institute of Standards and Technolcooperation with the National Institute of Standards and Technology, the ogy, the 
Space Dynamics Laboratory, and Vega International, Inc. (both frSpace Dynamics Laboratory, and Vega International, Inc. (both from om 
Logan, Utah) will participate in the development of a strategy tLogan, Utah) will participate in the development of a strategy to assure o assure 
highhigh--quality radiometric quality radiometric data provided by the Global Earth Observation data provided by the Global Earth Observation 
System of SystemsSystem of Systems
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OUTLINEOUTLINE

TermsTerms andand definitionsdefinitions

Ensuring traceable and stable instrument Ensuring traceable and stable instrument 
radiometric scalesradiometric scales

SummarySummary
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Starting pointsStarting points
We discuss only the radiometric aspect of quality of data We discuss only the radiometric aspect of quality of data 
belonging to the optical spectral region. belonging to the optical spectral region. 

Data format and geolocation issues lie outside of our scope. Data format and geolocation issues lie outside of our scope. 

We deal only with data of Levels 0 and 1A. We deal only with data of Levels 0 and 1A. 

The goal is to ensure the compatibility of data acquired by The goal is to ensure the compatibility of data acquired by 
different national Earth observation systems. different national Earth observation systems. 

Creating a proper standards calibration base requires us to follCreating a proper standards calibration base requires us to follow ow 
the most rigorous requirements for the accuracy of the most rigorous requirements for the accuracy of 
measurements. measurements. 

We discuss the metrological support only for future systems. We discuss the metrological support only for future systems. 
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Terms and DefinitionsTerms and Definitions -- II

We need a properly recognized list of terms and We need a properly recognized list of terms and 
definitionsdefinitions

Ensuring high quality of data at an international level is not pEnsuring high quality of data at an international level is not possible ossible 
without mutually recognized and officially approved documents onwithout mutually recognized and officially approved documents on
terms and definitions. terms and definitions. 

For several years, experts from VNIIOFI and the S.I. For several years, experts from VNIIOFI and the S.I. VavilovVavilov State State 
Optical Institute (GOI) Optical Institute (GOI) from Russiafrom Russia, NIST,, NIST, SDL, and Vega International, SDL, and Vega International, 
Inc. from the U.S. have been developing a thesaurus on radiometrInc. from the U.S. have been developing a thesaurus on radiometric ic 
calibration of optoelectronic instruments. The results were evencalibration of optoelectronic instruments. The results were eventually tually 
published as a NIST Internal Report.published as a NIST Internal Report.
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Terms and DefinitionsTerms and Definitions -- IIII
ContentsContents::

1.1. BasicBasic conceptsconcepts –– ОсновныеОсновные положенияположения
2.2. SymbolsSymbols, , andand UnitsUnits –– ВеличиныВеличины, , символысимволы ии единицыединицы

измеренияизмерения
3.3. OpticalOptical phenomenaphenomena –– ОптическиеОптические явленияявления
4.4. OpticalOptical characteristicscharacteristics ofof surfacessurfaces andand mediamedia ––

ОптическиеОптические характеристикихарактеристики поверхностейповерхностей ии средсред
5.5. ComponentsComponents ofof RadiometricRadiometric SystemsSystems –– КомпонентыКомпоненты

радиометрическихрадиометрических системсистем
6.6. CharacteristicsCharacteristics ofof radiometricradiometric systemsystem componentscomponents ––

ХарактеристикиХарактеристики компонентовкомпонентов радиометрическихрадиометрических
системсистем

*) *) The document can be found at the WGCV web siteThe document can be found at the WGCV web site
httphttp://://wgcv.ceos.orgwgcv.ceos.org//documentationdocumentation/WGCV26_registration_letter.htm/WGCV26_registration_letter.htm
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ExampleExample
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Terms and DefinitionsTerms and Definitions -- IIIIII

A draft version of Part 2, A draft version of Part 2, Metrological Aspects Metrological Aspects has also been has also been 
developed. developed. 

Suggestions:

• Publish Part 1 of the thesaurus as an official GEO 
document. 

• Finish Part 2 (requires financial support)
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Ensuring traceable and stable Ensuring traceable and stable 
instrument radiometric scalesinstrument radiometric scales

In what follows, we will be discussing the absolute  In what follows, we will be discussing the absolute  
radiometric data that must be traceable to SIradiometric data that must be traceable to SI

What we need to develop:What we need to develop:
1.1. A full list of specific properties of radiometric data quality A full list of specific properties of radiometric data quality 

with their definitionswith their definitions
2.2. Requirements for the properties (in cooperation with other Requirements for the properties (in cooperation with other 

GEO committees). GEO committees). 
3.3. Develop proper methodological support (Develop proper methodological support (not discussed not discussed 

herehere))
4.4. Develop suggestions for a proper radiometric standards Develop suggestions for a proper radiometric standards 

basebase
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Some properties of absolute Some properties of absolute 
radiometric data qualityradiometric data quality

PropertyProperty CommentsComments

AccuracyAccuracy Described with the measurement uncertainty

StabilityStability Characterizes the stability of instrument’s 
responsivity; we also regard stability as a data 
quality criterion that would allow one to decide the 
feasibility of using the data over different time 
intervals
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GEOSS Application Areas in accordance with the GEOSS Application Areas in accordance with the 
internationally approved 10internationally approved 10--year Implementation Planyear Implementation Plan

Reducing loss of life and property from natural and humanReducing loss of life and property from natural and human--induced disasters.induced disasters.
Understanding environmental factors affecting human health and wUnderstanding environmental factors affecting human health and wellell--being.being.
Improving management of energy resources.Improving management of energy resources.

Understanding, assessing, predicting, mitigating, and adapting tUnderstanding, assessing, predicting, mitigating, and adapting to climate o climate 
variability and change.variability and change.
Improving water resource management through better understandingImproving water resource management through better understanding of the water of the water 
cycle.cycle.

Improving weather information, forecasting, and warning.Improving weather information, forecasting, and warning.
Improving the management and protection of terrestrial, coastal,Improving the management and protection of terrestrial, coastal, and marine and marine 
ecosystems.ecosystems.
Supporting sustainable agriculture and combating desertificationSupporting sustainable agriculture and combating desertification..
Understanding, monitoring, and conserving biodiversity.Understanding, monitoring, and conserving biodiversity.

For a number of applications such as climatology, meteorology, and 
environmental monitoring, assuring the traceability of radiometric 
measurements obtained by all national systems and at an unusually 
high accuracy and stability levels is of extreme importance. 
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Maximum accuracy requirements for observation of object parameteMaximum accuracy requirements for observation of object parameters rs 
and required accuracy and stability of satellite instruments [1,and required accuracy and stability of satellite instruments [1, 2]2]

Parameter Required accuracy Required radiometric 
accuracy

Required radiometric 
stability (per decade)

Cloud base height 0.5 km 1 K 0.2 K

Cloud top height 0.15 km 1 K 0.2 K

Cloud top pressure 15 hPa 1 K 0,2 K

Cloud top temperature 0.5 K 0.5 K 0.2 K

Cloud optical thickness 10 % 5 % 1 %

Spectrally resolved thermal radiance 0.1 K 0.1 K 0.04 K

Atmosphere temperature 0.5 K 0.5 K 0.04 K

Water vapor 5 % 1 K 0.03 K

Ozone profile 3 % 1 % 0.1 %

Surface albedo 0.01 5 % 1 %

Normalized differential vegetation index 1 % ≤ 0.5 % 0.8 %

Land surface temperature 0.3 K 0,3 K -

Snow cover 2 % 5 % 10 %

Sea ice area 2 % 5 % 10 %

Sea surface temperature 0.1 K 0.1 K 0.01 K
In columns 3 and 4:

[%] – requirements for radiance measurements within the spectral bandwidth from 0.2 μ to 3.0 μ
[K] – requirements for radiance temperature measurements within the spectral bandwidth from 3 μ to 25 μ
[1] – WMO requirements
[2] – Satellite Instrument Calibration for Measuring Global Climate Change. NISTIR 7047.
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Maximum RequirementsMaximum Requirements

Spectral region, 
μm Accuracy Stability (per 

decade)
0.2 – 3.0 0.5 % 0.1 %
3.0 - 25 0.1 K 0.01 K
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What needs to be done What needs to be done -- II
The necessary conditions for the implementation of The necessary conditions for the implementation of 

these requirements and for the assurance of these requirements and for the assurance of 
traceability of measurements includetraceability of measurements include

HighHigh--quality methodological basis (quality methodological basis (not discussed herenot discussed here), and ), and 
HighHigh--quality systems for both ground and inquality systems for both ground and in--flight flight 
radiometric calibration of the measuring devices.  radiometric calibration of the measuring devices.  

The methodological basis includes such components asThe methodological basis includes such components as
Full definitions of measurands and respective measurement units,Full definitions of measurands and respective measurement units,
Methods and techniques of calibration including transfer of measMethods and techniques of calibration including transfer of measurement units, andurement units, and
Techniques to estimate the accuracy of measurement results durinTechniques to estimate the accuracy of measurement results during the calibration process. g the calibration process. 

With regard to the With regard to the ground ground calibration systems, we needcalibration systems, we need
To improve our calibration standards as well as methods and deviTo improve our calibration standards as well as methods and devices ces 
used to transfer the dimensions of radiometric quantities from used to transfer the dimensions of radiometric quantities from 
standards to the instrument that is being calibratedstandards to the instrument that is being calibrated
To have highTo have high--quality calibration installations and conduct international quality calibration installations and conduct international 
comparisons of calibration standards throughout the program.comparisons of calibration standards throughout the program.
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What needs to be done What needs to be done -- IIII
These efforts should result in traceable, stable and accurate 
scales of radiometric quantities (requires a mandatory 
participation of respective national metrological institutions).

The current level of radiometric standards is good enough for 
meeting the above-formulated accuracy requirements. 

Yet, it will not be a simple matter to implement this potential 
for all GEOSS national systems so that discrepancies 
between different radiometric scales in excess of the values 
given here are quite possible unless proper measures are 
taken.
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Suggested SolutionSuggested Solution
GEOSS calibration installations should include fixedGEOSS calibration installations should include fixed--
temperature blackbodies (BB) based upon the temperature blackbodies (BB) based upon the 
phenomenon of phase transition of eutectic alloys or pure phenomenon of phase transition of eutectic alloys or pure 
metals; such BBs assure a very high reproducibilitymetals; such BBs assure a very high reproducibility

Within the UV, Vis, and NIR spectral regions, we would Within the UV, Vis, and NIR spectral regions, we would 
need highneed high--temperature BBs built on the basis of temperature BBs built on the basis of 
eutectic alloys with melting temperatures of 2500K to eutectic alloys with melting temperatures of 2500K to 
3500K3500K

Calibration within the thermal IR spectral band will Calibration within the thermal IR spectral band will 
require BBs that use the phenomenon of phase require BBs that use the phenomenon of phase 
transition of eutectic alloys or pure metals with melting transition of eutectic alloys or pure metals with melting 
temperatures between 280K and 430Ktemperatures between 280K and 430K
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Fixed-point 
blackbody

Integrating 
sphere

Instrument

Solution for the Solution for the 00..22 μm –– 3 3 μm regionregion

Solution for the Solution for the 3 3 μm –– 25 25 μm regionregion

Variable-temperature 
blackbodies

Fixed-point 
blackbody

Instrument
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EutecticEutectic--alloy phase transition alloy phase transition 
blackbody schematicblackbody schematic

HighHigh--temperaturetemperature

blackbody cavityblackbody cavity

MetalMetal--carbon alloycarbon alloy Radiating cavity  GraphiteRadiating cavity  Graphite
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Eutectic alloys and pure metals to be used Eutectic alloys and pure metals to be used 
and their phase transition temperaturesand their phase transition temperatures
High-temperature Medium-temperature Low-temperature

Substance Temperature, K Substance Temperature, K Substance Temperature, K

HfC-C* 3458 Cu 1357.8 In** 429.7485

ZrC-C* 3154 Au 1337.3 Ga** 302.9146

TiC-C* 3034 Ag 1234.9 GaZn*** 298.5

Re-C* 2748 GaSn*** 293.5

Ir-C* 2563 GaIn*** 288.5

WC-C*** 3022 

*      Available as VNIIOFI’s blackbody BB3500
**    Available as VNIIOFI’s blackbodies BB29gl and BB156in
* * * Under development.
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MultiMulti--Purpose High Temperature Purpose High Temperature 
Blackbody BB3500MPBlackbody BB3500MP
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Summary of measurements of the Summary of measurements of the melting / freezing melting / freezing 
temperatures of eutectics (VNIIOFI temperatures of eutectics (VNIIOFI datadata))

Repeatability, Repeatability, σσ
MetalMetal
PurityPurity TT, K, K Radiance,Radiance, %%

650 nm650 nm

0.01 0.01 –– 0.022 0.022 

0.0120.012

ZrCZrC--CC 0.99940.9994 0.090.09 0.020.02

HfCHfC--CC 0.9990.999 0.300.30 0.060.06

ReRe--CC 0.999950.99995 0.04 0.04 –– 0.090.09

TiCTiC--CC 0.99980.9998 0.050.05
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1  1  -- BodyBody;;
2  2  -- Pt resistance thermometersPt resistance thermometers;;
3  3  -- Copper heatCopper heat--exchangerexchanger;;
4  4  -- Gallium in a Teflon case Gallium in a Teflon case 8;8;
5  5  -- HeatHeat--exchanger tubeexchanger tube;;
6  6  -- Copper cavity covered by the Copper cavity covered by the ChamglazeChamglaze ZZ--306 306 77 paintpaint;;
9  9  -- ““OO”” ringring;;
10 10 -- SylphonSylphon;;
11 11 -- ApertureAperture..

Achieved reproducibility: 0.2 mКAchieved reproducibility:Achieved reproducibility: 00..2 2 mmКК

Ga fixed-point blackbody BB29glGa fixedGa fixed--point blackbody BB29glpoint blackbody BB29gl
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ExamplesExamples

The following examples are based upon results of a study of 
prospective low-temperature fiducial melting points of pure 
gallium and its eutectic alloys GaIn, GaSn, and GaZn. The 
study was conducted in 2006 by VNIIOFI, Vega International 
and SDL.
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A series of Ga melting plateausA series of Ga melting plateaus

29.75

29.755

29.76

29.765

0 120 240 360 480 600 720 840 960 1080 1200 1320
Time, min

T,
 o C

Cell
Repeatability (σ)
within individual 

series
Net repeatability 

(σ)

Ga 0.5-1 mK 2.6 mK
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A series of A series of GaInGaIn--2 2 melting plateaus melting plateaus (24.4 (24.4 mass%mass% InIn))

15 .62

15 .63

15 .64

15 .65

15 .66

15 .67

15 .68

210 270 330 390 450T im e, m in

T,
 o C

P la teau  #1
P la teau  #2
P la teau  #3
P la teau  #4

Cell Repeatability (σ)
in individual series Net repeatability (σ)

GaIn-1
(~18 mass% In) 1-1.5 mK 2.2 mK

GaIn-2                       
(24.4 mass% In) 1-2 mK 3.0 mK
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A series of GaSnA series of GaSn--1 (13.8 mass% Sn) melting plateaus1 (13.8 mass% Sn) melting plateaus

20.43

20.44

20.45

20.46

20.47

20.48

20.49

20.5

20.51

20.52

20.53

90 150 210 270
Tim e, m in

T,
 o C

Plateau 1

P lateau 2

P lateau 3

P lateau 4

Cell Repeatability (σ)
in individual series Net repeatability (σ)

GaSn-1
(13.8 mass% Sn) 0.8-1 mK 2.7 mK

GaSn-2
(20.0 mass% Sn) 1-1.5 mK 2.4 mK
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RecommendationRecommendation

The results of these experiments lead us to believe The results of these experiments lead us to believe 
that assuring traceable radiometric instrument scales  that assuring traceable radiometric instrument scales  
within GEOSS is possible through the use of fixedwithin GEOSS is possible through the use of fixed--
point blackbodies. point blackbodies. 
If such blackbodies are included into the GEOSS 
calibration installations on a regular basis, we will 
have to expand efforts designed to develop these 
sources that possess very high repeatability. Their 
application by all GEOSS participants will allow us to 
ensure the traceability of radiometric scales within the 
entire program. 
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InIn--flight monitoringflight monitoring
Spectral region  0.2 Spectral region  0.2 –– 3.0 3.0 μμmm

StabilityStability -- 0.1 %/d0.1 %/decadeecade
AchievableAchievable through uthrough usingsing thethe moonmoon asas a a testtest sourcesource (Kiefer et al., (Kiefer et al., 
2005) 2005) 

Spectral region  3 Spectral region  3 –– 25  25  μμmm
Stability Stability -- 0.01 K/decade0.01 K/decade

TTraditionalraditional inin--flightflight monitoringmonitoring techniquestechniques cannot track the stability of cannot track the stability of 
instruments within the required limitsinstruments within the required limits..

ApproachesApproaches toto problemproblem solutionsolution

1.1. DevelopDevelop andand useuse onboardonboard sourcessources basedbased uponupon phasephase transitiontransition ofof
substancessubstances.    .    

StudiesStudies areare requiredrequired toto
selectselect suitablesuitable substancessubstances,,
determinedetermine theirtheir propertiesproperties underunder thethe spacespace environmentenvironment,   ,   
designdesign onboardonboard sourcessources..

2.2. DevelopDevelop a a spacespace--borneborne radiometricradiometric calibrationcalibration facilityfacility
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Summary Summary -- II

The way to achieve the goal of combining The way to achieve the goal of combining 
individual observation systems into a single individual observation systems into a single 
Global Earth Observation System of Systems Global Earth Observation System of Systems 
is to solve the aboveis to solve the above--stated problems through stated problems through 
joint efforts of all participants of the program, joint efforts of all participants of the program, 
with a mandatory participation of respective with a mandatory participation of respective 
national metrological institutions. national metrological institutions. 
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SummarySummary--IIII

Current statusCurrent status::
We have a thesaurus on the physical basis of We have a thesaurus on the physical basis of 
radiometric calibration of optoelectronic radiometric calibration of optoelectronic 
instrumentsinstruments
MetrologicallyMetrologically most important properties of most important properties of 
radiometric data quality are discussedradiometric data quality are discussed
Maximum requirements to the properties are Maximum requirements to the properties are 
formulated; these requirements can serve as formulated; these requirements can serve as 
a guideline for determining the profile of the a guideline for determining the profile of the 
radiometric standard base to be used for radiometric standard base to be used for 
calibrations of our instrumentscalibrations of our instruments
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SummarySummary--IIIIII

It is recommended that fixedIt is recommended that fixed--point point 
blackbodies based upon the blackbodies based upon the 
phenomenon of phase transition of phenomenon of phase transition of 
eutectic alloys and pure metals be eutectic alloys and pure metals be 
actively studied as a potential solution actively studied as a potential solution 
to the problem of traceability of to the problem of traceability of 
radiometric data within GEOSS. radiometric data within GEOSS. 
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Thank youThank you
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20072007--2009 Work Plan 2009 Work Plan –– Outline v2Outline v2
Five Strategic Elements of GEOSS ImplementationFive Strategic Elements of GEOSS Implementation

1. Establish the basic arrangements and policies to build the sy1. Establish the basic arrangements and policies to build the system of systems.stem of systems.

Task No. Title

AR-07-P1 Interoperability arrangements for GEOSS

AR-07-P2 Interface Implementation for GEOSS

AR-07-P3 Virtual Constellation

AR-06-11 Radio Frequency Protection

DA-06-01 GEOSS Data Sharing Principles

DA-06-02 GEOSS Quality Assurance Strategy
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GEOGEO
2006 and 20072006 and 2007--2009 WORK PLANS2009 WORK PLANS

Architecture and Data CommitteeArchitecture and Data Committee

Data Management TaskData Management Task

DADA--0606--02: GEOSS Quality Assurance Strategy02: GEOSS Quality Assurance Strategy

Develop a GEO data quality assurance strategy, beginning Develop a GEO data quality assurance strategy, beginning 
with spacewith space--based observations and evaluating expansion to based observations and evaluating expansion to 
in situ observations, taking into account existing work in this in situ observations, taking into account existing work in this 
area.area.
In our case, we are In our case, we are discusasingdiscusasing radiometric data only.radiometric data only.
Lead Organizations: CEOS, IEEELead Organizations: CEOS, IEEE

Point of Contact Point of Contact –– Stephen G. Stephen G. UngarUngar

Expected participants: representatives of 8 nations and 9 internExpected participants: representatives of 8 nations and 9 international bodiesational bodies
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Major ReferencesMajor References
1.1. Global Earth Observation System of Systems GEOSS. 10Global Earth Observation System of Systems GEOSS. 10--Year Year 

Implementation Plan. GEO 1000.Implementation Plan. GEO 1000.
2.2. Global Earth Observation System of Systems GEOSS. 10Global Earth Observation System of Systems GEOSS. 10--Year Year 

Implementation Plan Reference Document. GEO 1000R. Implementation Plan Reference Document. GEO 1000R. 
Implementation Plan Reference DocumentImplementation Plan Reference Document
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Some properties of absolute radiometric data qualitySome properties of absolute radiometric data quality
Property Comments

Accuracy*) Described with measurement uncertainty
Stability*) Characterizes the stability of the instrument’s 

responsivity; we also regard stability as a data 
quality  indicator that would allow one to decide the 
feasibility of using the data over different time 
intervals

*) *) most important with respect to the metrological support for the most important with respect to the metrological support for the quality of quality of 
radiometric dataradiometric data
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