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Radiation closure experiments for the
validation of EarthCARE

PMOD/World Radiation Center,
Switzerland
EVID 44, Swiss funded project (12.2024, 12.2026)

Objectives

« directly validate EarthCARE products related with total column multi-wavelength
aerosol and cloud optical thickness

» perform radiative closure studies through intercomparisons with high-quality
solar irradiance measurements and Radiative Transfer Model (RTM) simulations

» To provide a high quality measurement dataset consisting of aerosol optical
properties and also spectral solar irradiance, towards various atmospheric studies
and EU projects dealing with aerosol-cloud interactions (e.g. CERTAINTY).

RACE-ECV

Radiation closure experiments for EarthCARE validation
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Campaign location, Thessaloniki, Greece
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Instrumentation

Lidar system Thelisis (3+2+depol) aerosols
Spectral Aerosol columnar properties (AERONET)
Solar spectral measurements (total, diffuse: 300-
2500nm)

Broadband solar measurement (SW, total, diffuse,
direct)

Air quality/ trace gases (Max Doas, FTIR, Pandora)

BBR swath

Semi Urban

Spectral Aerosol columnar properties (PFR-GAW
Network)

Solar spectral measurements (total, diffuse: 300-
2500nm)

Broadband solar measurement (SW, total, diffuse,
direct)

Airguplity/idrace gases (Max Doas)
Sky Camera

Spectral Aerosol columnar properties (PFR-GAW
Network)
Solar spectral measurements (total, diffuse: 300-

1000nm)
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Speciffic/ technical objectives RACE-ECV

Radiation closure experiments for EarthCARE validation

Spatiotemporal uncertainties on validation aspects

 Spatiotemporal analysis of Aerosol Optical Depth (AOD) and solar spectral radiation across all
days at the three monitoring sites, with discussion on potential correlations with MSI AOD products,
BBR retrievals and Lidar aerosol retrievals from the EarthCARE satellite mission. (direct validation
and rad. closure studies)

Investigation of cloud variability at the three sites and its influence on both total and spectral surface
radiation measurements.

Utilization of ground-based cloud cameras to reconstruct the 3D cloud structure, including
approaches combining two NASA sky cameras at a single site for stereoscopic 3D cloud modeling.

Comparative analysis of low-cost sensors, including their calibration using Standard Transfer Standard
Methodology and evaluation of their applicability for overpass observations. Additionally, comparison
with LIDAR measurements in terms of accuracy, resolution, and practical deployment.

Comparison of cloud optical thickness (COT) retrieved from (MSG/MTG) satellite data with COT
estimates derived from pyranometer observations at the three sites, and analysis of the resulting impact
on radiative fluxes.
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1s* overpass

MSI AOT 670nm  Cimel AOD
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2"d overpass

Caliton - Sauroti, 20/05/2025
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MSI AOT 670nm, 20/05/2025 MSI AOT 865nm, 20/05/2025
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Aerosol direct radiative effects (DREs) under realistic 3D cloudy scenes using EarthCARE data

Change in effective radiative forcing from 1750 to 2019

ERF (Wm™2)
Accurate estimates of aerosol radiative effects are Garbon dioxide 2oz
1 . Other well-mixed .54 0,43 to 0,65
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Ozone 0.47 [0.24 t0 0.71)
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. . . Solar H -0.02 [-0.08 to 0.08]
altitude, impact atmospheric RT. —
Effective radiative forcing (W m=2)
IPCC, 2021

Gap:
- Up to now only 1D Aerosol DRE estimates (both model and satellite based)

Scientific questions:

- Do the Aerosol DREs differ between 1D and 3D radiative transfer estimates?

- The question apart from cloudless conditions also, for cloudy conditions (strong 3D effects)



Methods

- 1D simulations: using analytical model
solver: disort (Stamnes et al.1988; Buras et al, 2011), number of streams: 6 ",
- 3D simulations: Monte Carlo method lleadtfan
solver: MYSTIC (Mayer, 2009; Emde and Mayer, 2007; Emde et al,, 2016), Emdset ot 216
forward tracing mode, 107 photons

LWC(g m-3)

1.0

Radiance SW (Wm--2sr)
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Papachristopoulou et al., IRS 2024, Hangzhou, China, June 17-21, 2024



Aerosol direct radiative effects (DREs) under realistic 3D cloudy scenes using EarthCARE data
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Aerosol direct radiative effects (DREs) under realistic 3D cloudy scenes using EarthCARE data
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