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TRUTH mission science preparation
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Scientific questions

• What are the factors affecting the Earth-Atmosphere 
balance as measured by HIS and CSAR?

• What are the other satellite products that can 
be improved based on TRUTHS (low 
uncertainty) radiances intercalibration?

• How can atmospheric radiative transfer models can be 
improved by TRUTHS and ground based solar 
measurements and related closure studies? 

• How can the full TOA in SW spectrum for HIS (300-
3000nm) can be simulated? 



Aerosol-radiation interactions within the Earth-Atmosphere system
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Li et al. (2022)

“The latest models still suggest an inter-model forcing spread of about 50% (Thornhill et al., 2021), and the actual model 
uncertainties are probably larger.”

“The fraction of aerosol absorption relative to scattering, expressed as the SSA parameter, is one the of most critical 
factors in quantifying the role of aerosols in the climate system. Uncertainties in SSA as well as its vertical distribution 
contribute substantially to uncertainties in ARI.”

“In addition, aerosol size distribution, or a proxy of it, is critical in quantifying aerosol–cloud interaction.”

https://www.nature.com/articles/s43017-022-00296-7


Aerosols’ impact on the Earth-Atmosphere system radiation budget

ESR3 – TRUTHS for Climate Workshop | 27-28 June 2024 | ESA – ESCAT Harwell Science and Innovation Campus (UK)

Korras-Carraca et al. (2022)

➢ Estimation of aerosol-speciated Direct Radiative Effects (DREs), 
under clear-sky, at the surface, within the atmosphere and at 
TOA

➢ Five aerosol types (sea-salt, sulfate, organic carbon, dust, black 
carbon as simulated by the MERRA-2 reanalysis [1980-2019]

➢ FORTH spectral radiative transfer model

➢ Pronounced heterogeneity of the TOA DREs attributed to 
the spatiotemporal variation of aerosol loads

➢ Negative DREs dominate at TOA (planetary cooling)

➢ Positive DREs at TOA (planetary warming) under the 
presence of strongly light-absorbing black carbon particles 
(fires, anthropogenic acitivities) 

➢ The accumulation of mineral particles over/nearby the 
sources of North Africa results in positive TOA DREs

https://www.mdpi.com/2073-4433/12/10/1254


Sensitivity study of aerosol optical properties on the 
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Dependencies of dust properties on DREs
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Load Size Shape Solar Zenith Angle [SZA] Surface type



Impact of dust particles’ size on the outgoing radiation at TOA
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Fountoulakis et al. (2024)

➢ libRadtran – MYSTIC
➢ Optical properties – MOPSMAP
➢ Cloud-free skies
➢ SW (0.35-2.5μm) | LW (8-13μm)

Solar (SW) Thermal (LW)

➢ Larger mineral particles 
reduce the outgoing SW 
radiation at TOA

➢ Enhancement of the 
planetary warming

➢ Strong dependency on 
aerosol load and the 
underlying surface type

https://acp.copernicus.org/articles/24/4915/2024/


Impact of dust particles’ size on the outgoing radiation at TOA
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Fountoulakis et al. (2024)

➢ Absolute and relative departures (SD50-SD10) of the spectral TOA-
leaving irradiances

➢ Intense dust load – DOD: 1.6 | SZA=30∘
➢ Cloud-free skies
➢ Consideration of three refractive indices → minerals’ composition

➢ Negative declinations (i.e., less SW radiation is reflected back 
to space) reaching up to 18%  

➢ Apparent differences on the magnitude as well as on the 
spectral signature 

➢ Dust particles’ size and composition matters!!

https://acp.copernicus.org/articles/24/4915/2024/


Overestimation of the cooling effect due to the misrepresentation of particles’ size  
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Adebiyi and Kok (2020)Kok et al. (2017)

https://www.science.org/doi/10.1126/sciadv.aaz9507
https://www.nature.com/articles/ngeo2912


Representation of dust mineral composition towards improving TOA radiation fields  
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Song et al. (2023)

https://egusphere.copernicus.org/preprints/2023/egusphere-2023-2938/


The role of aerosol layer position within the atmosphere
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Vertical displacement of a hypothetical dust layer [cloud-free skies]   
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Mishra et al. (2015)

https://www.sciencedirect.com/science/article/pii/S2405844015303169


Position of a hypothetical layer with sulfate particles [cloud-free skies]   
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➢ Sulfate aerosols | AOD500=0.2 | 2 km thick 
➢ Scenarios: Vertical displacement of the aerosol layer base
➢ Cloud-free skies

Ratio of the spectral outgoing irradiance at TOA for each assumed aerosol layer wrt 
the “bottom” aerosol layer (zbase=0)

➢ Large ratios (i.e., increase of the TOA-leaving irradiances), within 
the UV-VIS spectrum, as the aerosol layer is displaced upwards

➢ Volcanic aerosols injected into the stratosphere

➢ Solar radiation modification → Geoengineering applications



Outgoing irradiances at TOA under different aerosol regimes
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Collocation of CALIPSO and AERONET observations   
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Moustaka et al. (2024)

El_Farafra

Station
AOD

CALIPSO 
LR=44sr

AOD
DeLiAn
LR=53sr

AOD
AERONET
±30min

El_Farafra 0.22 0.26 0.27

https://www.mdpi.com/2072-4292/16/10/1689


Dust layer over Athens  
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Datetime: 11:39 UTC 30/6/2017
SZA: 21.14°
Sfc Alb: 0.07

0.221
0.266
0.270

Moustaka et al. (2024)

https://www.mdpi.com/2072-4292/16/10/1689


Evaluation of the simulated TOA-leaving radiation versus CERES
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Moustaka et al. (2024)

➢ Better representation of the 
outgoing SW radiation at TOA when 
a more realistic LR is adopted 
(improvement of the columnar AOD)

➢ Broadband SW radiation fluxes at 
TOA

➢ Observations of the spectral TOA-
leaving irradiances will improve the 
assessment analysis

https://www.mdpi.com/2072-4292/16/10/1689


Impacts of aerosol-radiation interactions on NWP 
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Gkikas et al. (2018)

Pérez et al. (2006)

A.Benedetti
F. Vitart

F. Di Giuseppe 
[ECMWF]

Aerosol-radiation interactions improve NWP at short and seasonal time scales

An accurate representation of the simulated aerosol fields plays a key role!!!

https://acp.copernicus.org/articles/18/8757/2018/
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2005JD006717


Advancing our knowledge on ARI/ACI impacts on climate
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Earth Cloud Aerosol and Radiation Explorer [EarthCARE]
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Illingworth et al. (2015)

https://journals.ametsoc.org/view/journals/bams/96/8/bams-d-12-00227.1.xml


Advancing our understanding on ARI/ACI impacts on climate
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Experimental campaigns - ACROSS
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NIMBUS proposal

2025-2026

PI: Dr. Vassilis Amiridis 
[NOA]



TRUTHS climate mission: Scientific aspects
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Assessment of atmospheric parameters affecting HIS-CSAR, SW measured radiative balance through RTM

Use of HIS to retrieve atmospheric parameters or prepare satellite based collocated atmospheric retrievals for Earth-
Atmosphere radiative balance fluctuation assessment

Determination of other satellite retrievals and their improvement, based on absolute radiometry - comparison 
with (low uncertainty) TRUTHS radiance products. Studies for possible synergistic satellite products. 

TRUTHS absolute radiance radiometry could improve other satellite-based radiance products through 
intercalibration. Which are those and what are the improvement limits?

Atmospheric closure studies vs ground based solar measurements

RT modeling evaluation based on calculated bottom and TOA radiation

Determination of TOA in the full SW spectrum for HIS (300-3000nm)

RT Modeling including WV inputs from HIS own retrievals for 2400 to 3000nm range



TRUTHS climate mission: Needs and expectations
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Aerosol optical, microphysical and macrophysical properties are determinant factors for the TOA radiation fields

External factors such as the surface albedo also plays a critical role 

TRUTHS’ state-of-the-art measurements will serve as reference towards constraining aerosol-related uncertainties 
in RTM and numerical simulations

Synergies with ground-based radiation measurements will further enhance the mitigation of aerosol-related 
uncertainties in RTM simulations

Radiative closure studies deploying 1D/3D RTM simulations will shed light on ARI and ACI   

Determination of other satellite retrievals and their improvement, based on absolute radiometry - comparison 
with (low uncertainty) TRUTHS radiance products → improvement of atmospheric constituents monitoring

Upgrade the predictability of regional and global models from short- to long-range temporal scales  

‘Gold standard’ reference for climate measurements → climate monitoring → climate mitigation/adaptation
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