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Radiative closure assessment role in EarthCARE

The EarthCARE satellite mission retrieves profiles of cloud and aerosol properties

These can be used to perform shortwave (SW) and longwave (LW) radiative transfer
calculations

These calculations can be compared with collocated measurements made by the broadband
radiometer (BBR)

This is In essence a near-continuous radiative closure assessment of EarthCARE products

This assessment provides additional information about the quality of their retrievals, which
can be utilized by algorithm developers EarthCARE data end-users



EarthCARE radiative closure: methodology

L2a products (CPR, ATLID, MSI)

RT-1: Clouds & aerosols
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- See topical presentations/posters
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- Prepare data for RT, atmosphere & surface properties

- Construct 3D scenes (~21x5 km)

- Create composite cloud + aerosol from L2 retrievals
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- Compare model fluxes to BMA-FLX
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1D and 3D Radiative Transfer
- Perform 1D and 3D RT calculations

- Closure results to algorithm developers and

end-users




EarthCARE radiative closure: RT calculations

3D broadband radiative transfer outputs

Averaged to 21 by 5 km along and across track “assessment domain”

LW and SW co-registered radiances for each BBR view

SW radiative profiles and heating rate profiles, direct and diffuse downwelling surface fluxes
Upwelling LW fluxes at 20 km

1D broadband radiative transfer outputs
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On the retrieval “curtain” and for each ~1 km pixel
SW and LW radiative fluxes and heating rates profiles, all-sky, clear-sky and pristine
SW direct and diffuse downwelling surface fluxes
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EarthCARE radiative closure: assessment

Compare fluxes from BBR (BMA-FLX) with
computed upwelling radiative fluxes

1D radiative fluxes averaged to assessment ACMB-DF
domain (along curtain + scene construction)

3D radiative fluxes at 20 km from Monte Carlo
model (hemispheric flux)

3D radiative fluxes derived from radiances
- Use same approach as in BMA-FLX
- Same anisotropic factor for radiance to flux
- Same weights to combine fluxes

Rather than a simple difference, account for
uncertainties in computed and measured ﬂlM
- Report probability of agreement
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Early mission example: Synergy first Ilght_: |

Two “frames” of EarthCARE data from 18 September 2024
were selected to illustrate the synergistic ability of the
EarthCARE instruments

Multiple iterations of algorithms (extremely useful!) and
radiative closure assessment

Upwelling BBR and computed solar fluxes (Frame 01752E)
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Early mission example: Synergy first light

Two “frames” of EarthCARE data from 18 September 2024
were selected to illustrate the synergistic ability of the
EarthCARE instruments

Multiple iterations of algorithms (extremely useful!) and
radiative closure assessment
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Upwelling BBR and computed solar fluxes (Frame 01752E)
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Upwelling BBR and computed thermal fluxes (Frame 01752E)
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Modelled fluxes [ACM-RT] (Wm—2)

Fluxes over ocean, 4-15 June 2025

- LW fluxes agree very well with RMSE < 10 W/m?

- Mean SW flux bias on cusp of being within 10 W/m?
- Continued refinement of RT calculations and inputs

Histogram measured and modelled thermal flux (4-15 June 2025)
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Histogram measured and modelled solar flux (4-1

5 June 2025)
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Modelled fluxes [ACM-RT] (Wm™—2)
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SW fluxes over ocean, 4-15 June 2025
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SW flux radiative closure is sensitive to the computed quantity compared
3D hemispheric flux has a lower mean bias than 3D effective flux
Suggests need to refine calculation of clear-sky radiances over ocean

Histogram measured and modelled solar flux (4-15 June 2025)

Histogram measured and modelled solar flux (4-15 June 2025)
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SW fluxes over ocean, 4-15 June 2025

All-sky upwelling flux SW bias and RMSE
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Global mean SW flux bias and RMSE as function of cloud fraction
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LW fluxes over ocean, 4-15 June 2025

All-sky upwelling flux LW bias and RMSE
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Summary

The EarthCARE mission has successfully implemented and performed continuous radiative
closure assessment

Shown to be a useful tool for algorithm developers

EarthCARE retrievals are doing an excellent job in the thermal with little bias and a RMSE < 10
W/m?2

The solar closure is also looking good with an overall bias close to 10 W/m?
- Ongoing improvements to the retrievals and radiative transfer calculations (surface) should
help improve these results
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