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Calibration verification method
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Definition of a calibration reference

Libya-4 Rayference Calibration Reference (LRCR)

Not (yet) traceable to SI standard!

Determination of our reference accuracy

Not according to GUM recommendations! 

Comparison of our reference with

S3A/SLSTR nadir and oblique observations

Release correction recommendations 



1. Libya-4 Rayference Calibration Reference (LRCR)
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1. Libya-4 Rayference Calibration Reference (LRCR)

• Characterisation of surface BRF from 300nm to 2800nm with a 1nm 
spectral resolution (assuming a flat surface for an area >100km2);

• Characterization of the atmospheric vertical profile and gas 
concentrations (H2O, O3, CO2, CH4, …);

• Characterization of aerosol type and concentration;

• Simulation of spectral TOA BRF with 4 different models implementing:

• Different methods to solve the radiative transfer equation;

• Different assumptions for molecular absorption and its coupling with 
scattering;

• Can be used from 300nm to 2800nm at about 1 nm spectral 
resolution for sun and viewing zenith angles up to 65o.
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1. Libya-4 Rayference Calibration Reference (LRCR)

• LRCR uncertainty estimation is difficult to assess following the 
recommendations of the Guide to the Expression of Uncertainty in 
Measurement (BIPM 2008) because: 

• the uncertainties on the model parameters are difficult to estimate (e.g., 
aerosol optical type and optical thickness);

• the radiative transfer models provide different values, i.e., these models have 
themselves uncertainties;

• The LRCR accuracy has been estimated against “well-calibrated” 
radiometers observing Libya-4.
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5.1.2 The combined standard uncertainty uc(y) is the positive square root of the combined variance 2
c ( )u y , 

which is given by 
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where f  is the function given in Equation (1). Each u(xi) is a standard uncertainty evaluated as described in 4.2 

(Type A evaluation) or as in 4.3 (Type B evaluation). The combined standard uncertainty uc(y) is an estimated 

standard deviation and characterizes the dispersion of the values that could reasonably be attributed to the 

measurand Y (see 2.2.3). 

Equation (10) and its counterpart for correlated input quantities, Equation (13), both of which are based on a 

first-order Taylor series approximation of Y = f (X1, X2, ..., XN), express what is termed in this Guide the law of 

propagation of uncertainty (see E.3.1 and E.3.2). 

NOTE When the nonlinearity of f is significant, higher-order terms in the Taylor series expansion must be included in 

the expression for 2
c ( )u y , Equation (10). When the distribution of each Xi is normal , the most important terms of next 

highest order to be added to the terms of Equation (10) are 
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See H.1 for an example of a situation where the contribution of higher-order terms to 2
c ( )u y  needs to be considered. 

5.1.3 The partial derivatives ∂f /∂xi are equal to ∂f /∂Xi evaluated at Xi = xi (see Note 1 below). These 

derivatives, often called sensitivity coefficients, describe how the output estimate y varies with changes in the 

values of the input estimates x1, x2, ..., xN. In particular, the change in y produced by a small change Dxi in 

input estimate xi is given by (Dy)i = (∂f/∂xi)(Dxi). If this change is generated by the standard uncertainty of the 

estimate xi, the corresponding variation in y is (∂f/∂xi)u(xi). The combined variance 2
c ( )u y  can therefore be 

viewed as a sum of terms, each of which represents the estimated variance associated with the output 

estimate y generated by the estimated variance associated with each input estimate xi. This suggests writing 

Equation (10) as 
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NOTE 1 Strictly speaking, the partial derivatives are ∂f/∂xi = ∂f/∂Xi evaluated at the expectations of the Xi. However, in 

practice, the partial derivatives are estimated by 

1 2, , ...,i i
N

f f

x X
x x x

¶ ¶
=

¶ ¶
 

NOTE 2 The combined standard uncertainty uc(y) may be calculated numerically by replacing ciu(xi) in Equation (11a) 

with 
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That is, ui(y) is evaluated numerically by calculating the change in y due to a change in xi of +u(xi) and of -u(xi). The value 

of ui(y) may then be taken as ∂Zi∂  and the value of the corresponding sensitivity coefficient ci as Zi/u(xi). 



2.  Acquisition of well-calibrated observations
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Nt is the number of processed clear sky observations
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3. Nadir view LRCR verification
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Satellite observation

Corresponding LRCR

Mean relative bias

Nadir view : SZA < 30o VZA < 30o



3. Nadir view verification: AQUA/MODIS
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3. Nadir view verification: AQUA/MODIS
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Mean relative bias (120 obs.) and its standard deviation

The RTMs are a major source of uncertainty

RTM range      1.72%             1.78%             1.44%             1.24%            2.92%



3. Nadir view verification: Sentinel-2A/MSI
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3. Nadir view verification: Sentinel-2A/MSI
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Mean relative bias (35 obs.) and its standard deviation

The mean bias does not exceed ±3%

The RTM differences are noticeable but not significant

RTM range      1.72%              1.46%              3.78%             2.88%              2.09%



3. Nadir view verification: Landsat-8/OLI
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3. Nadir view verification: Envisat/MERIS
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Comparison with 

GOME-2
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4. Oblique view verification : Envisat/AATSR
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Envisat/AATSR instrument is acquiring the nadir and oblique view with the 

same radiometer. 

The difference between the mean relative biases with respect to LRCR 

provides an indication of the angular reliability of our calibration reference. 



4. Oblique view verification : AQUA/MODIS
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AQUA/MODIS is acquiring observation with a VZA > 55∘. 

The difference between the mean relative biases with respect to LRCR 

provides an indication of the angular reliability of our calibration reference. 
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LRCR accuracy estimation statement
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For nadir view, LRCR agrees within ±1.5% with well-calibrated radiometers 

over Libya-4 when both Sun and view zenith angles < 30o and gaseous 

transmittance > 0.95.

Large viewing angles introduce an additional ±1.4% uncertainty based on 

AATSR and MODIS results.

The total LRCR uncertainty is estimated to ±2.1% (in clear atmosphere).

The cloud filtering might introduce some (unknown) bias that might affect 

the mean relative bias standard deviation.

Only relative differences with respect to LRCR larger than ±3% should be 

considered.



S3A/SLSTR calibration verification
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Values with a mean relative bias larger than 3% for all RTMs are shown in red



S3A/SLSTR Rayference calibration recommendations
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Recommended calibration corrections

SLSTSnew = SLSTRorig * corr

Recommendation uncertainty: ±2.6%



S3A/SLSTR Rayference calibration recommendations
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Order your copy today 

yves.govaerts@rayference.eu

Free premium delivery at an 

email address of your choice!



Correction verification over sea water (on-going)

• Acquisition of cloud-free S3A/SLSTR over sea water close to 
AERONET stations;

• Simulation of TOA BRF assuming
• AERONET AOT;

• ECMWF surface wind speed;

• Open ocean colour (case-I);
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Correction verification over sea water (on-going)
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SIXSV ARTDECO

CORRECTED S3A/SLSTR TOA BRF CORRECTED S3A/SLSTR TOA BRF



Conclusions (1)

• Rayference has developed its own absolute calibration reference over 
Libya-4 based on simulated spectral reflectance at the satellite-level;

• It is currently possible to simulate TOA BRF over Libya-4 with a mean
relative accuracy of about ±2% in spectral regions where the molecular 
transmittance is > 0.95;

• Radiative transfer model numerical assumptions and approximations are 
responsible for most of these uncertainties;

• Our calibration reference has been used to propose calibration 
correction for S3A/SLSTR solar channels for both nadir and oblique 
views.
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Conclusions (2)

SI traceable vicarious calibration methods proposing an 
accuracy below 3% will require: 

• SI traceable reference measurements (<1%) such as those 
that will be delivered by TRUTHS or CLARREO;

• the use of a new generation of radiative transfer model 
capable of coping with this accuracy level: www.eradiate.eu
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