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BBR FLUX RETRIEVAL

The Broad-Band Radiometer (BBR) on-board the EarthCARE satellite, launched in May 2024, provides accurate top-of-atmosphere (TOA) outgoing solar and
thermal radiances from three viewing along-track directions (fore, nadir, and aft). TOA radiative fluxes are obtained by feeding unfiltered BBR radiances to a
radiance-to-flux conversion algorithm based on Angular Distribution Models (ADMs). A geophysical dataset mimicking EarthCARE data was constructed for
training the algorithms and build the ADMs, which model the anisotropy of the solar radiation reflected by the Earth-Atmosphere system and the thermal
radiation emitted by it. All this is collected in the BBR-MSI-ATLID flux product, BMA-FLX.

INSTRUMENT CHARACTERISTICS RADIATIVE CLOSURE

Evaluation on how well the retrieved
atmospheric  properties reproduce the
observed radiative measurements.

The BBR’s multi-viewing capability is key to capturing the Earth's
radiation field from multiple angles, observing every target from
three different views.

The radiance requirement aims to achieve
closure by using EarthCARE’s cloud and aerosol
properties, along with additional data, to
simulate observed radiances as a final
validation of the retrieved properties.

The radiance-to-flux retrieval exploits it by:
= co-registering the radiances to the height where reflection or
emission takes place, which depends on the spectral regime,

= providing flux estimates for every view and checking their integrity
before the combination into the TOA flux best-estimate.

Radiative transfer results are contained in the
ACMB-DF product for the radiative closure
assessment, which provides 1d broadband flux

Spatial Resolutions (across-track, along-track)
" BBR grid: Small (5 km x 10 km), Full (18 km x 10 km nadir, 28 km x
10 km off-nadir), Standard (10 km x 10 km), with 1km sampling. orofiles and 3d solutions of the radiative

= Joint Standard Grid, JSG: Assessment (configurable i.e., 5x21 JSG transfer equation using information from all
pixels). four instruments on-board the EarthCARE

satellite and comparing computed with
retrieved TOA fluxes from BMA-FLX.

ALGORITHMS

= Shortwave ADMs are created per scene type and constructed from CERES and MODIS data using a feed-
forward back-propagation artificial neural network (ANN) technique. The method estimates fore and aft
fluxes using oblique radiances that intersect the vertical layers within the nadir domain, from cloud
top height to an initial level defined by the cloud optical thickness. The reference level is then
determined by minimizing the flux differences among the fore, nadir, and aft views.
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" Longwave ADMs are based on correlations between BBR radiance field anisotropy and the spectral
information provided by the MSI radiances derived from RT calculations. Longwave observations are co-
registered at the cloud top height, derived from brightness temperature.

surface
elevation

" The most accurate solar and thermal top-of-atmosphere fluxes for the target are obtained from the L L
weighted average of the corresponding retrieved radiative fluxes for each BBR telescope. Diagram illustrating the co-registration applied to shortwave

radiance measurements in a two-layer cloud system.

" For further details, scan the QR code to see our paper.

FIRST RESULTS: STORM BORIS OVER CENTRAL EUROPE CERES FLUX COMPARISONS

This case examines the impact of Storm Boris, a large convective system over central Europe. Over CERES SSF and BBR BMA-FLX fluxes from
northern Italy, thick clouds increase the reflected solar flux while blocking outgoing thermal flux. In August 2024 to February 2025 have been
contrast, cirrus clouds over Sweden allow solar flux through but absorb/emit in the thermal infrared. compared.

A near-surface aerosol layer over Germany absorbs and scatters sunlight, while low marine clouds

over the Baltic Sea slightly enhance solar reflection. These features are captured in the merged TOA The BBR solar fluxes are slightly brighter than
fluxes, which are then compared to ACMB-DF 3D simulations for radiative closure. Thermal fluxes CERES, while the thermal are slightly darker.

show strong agreement, while minor solar discrepancies remain within acceptable bounds.
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BMA-FLX Top-of-atmosphere solar flux Standard
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BMA-FLX Top-of-atmosphere thermal flux Standard
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CERES VZA< 50°
Adist(CERES-BBR) <3 km
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BBR radiance results obtained at 10 km x 10 km (Standard) show how BBR TOA flux results obtained at 10 km x 10 km (Standard) (up). BBR — CERES flux comparison for both solar and thermal
clouds along the optical path create inconsistencies between nadir and Comparison of the BMA-FLX TOA combined flux results with the ACMB-DF regimes. Note: SW gain corrected to mimic future baseline
oblique views, visible in BM-RAD radiances. BMA-FLX shows effective 3d computed fluxes, both obtained at 5x21 JSG Pixels (Assessment) “BA”. CERES data has been obtained from the NASA Langley
radiance co-registration at the reference level, aligning fore and aft views (down). Data from the 18t of September, 2024. Research Center Atmospheric Sciences Data Center.

to nadir for the posterior TOA flux retrieval. Data from the 18%" of
September, 2024.
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