Hyperspectral Vicarious Calibration with the

~ RADIATE Radiative Transfer Model

Vincent Leroy, Marta Luffarelli, Nicolas Misk, Yves Govaerts // Rayference (Brussels, Belgium)

What is vicarious calibration?

© Problem: Many satellites are not equipped with
post-flight onboard calibration devices
= How to calibrate them?

© Solution: Compare observations with synthetic
reference images

© What do we need? A well-characterized target and a
trusted radiative transfer model (RTM)
Bright deserts are good calibration targets notably
because of their long-term stability

Synthetic view of the Algeria-5 calibration site generated with the Eradiate radiative transfer model

Method: Rayference’s Calibration Reference (RCR)

© Targets: Bright desert pseudo-invariant calibration
sites (e.g. Libya-4, Gobabeb)

© Radiative transfer model: The Eradiate open-source
3D RTM [1], with spherical-shell geometry and 1D
atmosphere

© Surface data: Per-site fitted model based on the RPV
[2] BRDF (1 nm resolution)

© Atmosphere data: Molecular vertical profile based on
CAMS (EAC4 and EGG4) [3], in-house aerosol
scattering model [4]

AERONET

r CAMS —l

Atmospheric Aerosol

profile —l opt. thickness
L

> RTM: Eradiate |« A€r0SOl
properties

Top-of-atmosphere
reflectance

Surface
reflectance

Satellite

e S | )
observation

Performance assessment

Accuracy: Below, the mean relative bias on top-of-atmosphere bidirectional reflectance factor (TOA BRF) between the
observation and simulated calibration reference, accumulated over an entire time series. In a grey shade, the molecular
transmittance of a standard atmospheric profile shows opaque, transparent and semitransparent spectral regions.
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Hyperspectral
bias < 3% where transmittance > 83 %
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Consistency: The relative standard deviation of the bias on TOA BRF rapidly decreases against the number of
accumulated observations, to a low value of 0.7 % indicates good consistency in the resolution of directional features (see
details on the right column). This consistency improvement, compared to prior iterations of the RCR [5], is attributed to a
better characterization of surface anisotropy and atmospheric vertical profile.

Conclusions & outlook

© The Rayference Calibration Reference (RCR) is updated
with a new methodology for surface, aerosol and
atmospheric profile data modelling, as well as the use of
the Eradiate RTM

© The RCR produces synthetic reference images over
bright desert PICS that consistently achieve £3 %
accuracy on TOA BRF for the tested multispectral
instruments

© The RCR also achieves +£3 % accuracy on
hyperspectral time series in spectral regions with
molecular transmittance higher than 83 %

© The consistency of the RCR is improved, with a quick
convergence to stable relative bias, which is particularly
beneficial for time series with few observations

© For details, see Luffarelli et al. (2025) [4]
© Addition of polarization to the RCR is in progress
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Examples of hyperspectral observations
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Method consistency

Accumulated relative bias absolute value Acc(bias, p) [%]
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Bias on TOA BRF for an increasing number of
accumulated observations of Sentinel-2 / MSI
Band 8. The rapid convergence to a stable bias
value and a low relative standard deviation
makes the RCR usable even with time series
with few observations.

Sensitivity to molecular transmittance
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Relative bias on TOA BRF vs molecular
transmittance. The 3 % threshold (dashed lines)
corresponds to the typical radiometric accuracy
of current well-calibrated instruments. The
box-and-whiskers plots show the correlation
between the bias in a band and the
corresponding molecular transmittance.

Get ZRADIATE

pip install eradiate[kernel]

eradiate.eu

code & docs at [=]
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