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Motivation

* Closure of atmospheric properties and radiative fluxes key science
objective of EarthCARE mission

* Target accuracy of +/- 10 W/m? on 100 km? scale for radiative
fluxes at top-of-atmosphere => validation by BBR instrument

* However: radiative fluxes at the surface essential for
understanding energy flows in our climate system

* Closure assessment at surface more challenging:
— High variability in surface irradiance induced by clouds

— Point-like nature of ground-based measurements
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EarthCARE Closure Concept
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* Aerosol and cloud retrievals, 3D
scene construction as input for
1D/3D radiative transfer models

* Validation with BBR observations

* Target accuracy at TOA: 10 W/m?

Figs.: EarthCARE closure concept and scene
reconstruction. Source: lllingworth et al., BAMS,
EarthCARE Sci. Val. Workshop | Frascati, IT | 13.-17. Nov. 2023 2015: doi:10.1175/BAMS-D-12-00227.1.
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EarthCARE ACM-RT Product
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Figs.: (left) Flowchart of the ACM-RT
processor. (top) Planned 21 x 5 km?
closure assessment domain. Source: Cole
et al., AMT, 2023, doi:10.5194/amt-16-
4271-2023.




DWD stations measuring the global irradiation

Comparison Datasets Figs.: Instrumental
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Past Activities focused on Aerosol
(a) (b)
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Figs.: Comparison of aerosol radiative effect derived from AERONET
observations and simulated based on the CAMS reanalysis and explicit 1D
radiative transfer (left) at the surface, and (right) at the top-of-atmosphere.
Source: Witthuhn et al., ACP, 2021, doi:10.5194/acp-21-14591-2021.
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Past Activities focused on Clouds
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Figs.: Comparison of hourly-averaged pyranometer observations and satellite
retrievals in terms of (left) surface solar irradiance and (right) atmospheric
transmittance. Source: Deneke et al., RSE, 2008, doi:10.1016/].rse.2008.03.012.
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TROPOS Pyranometer Network

Global transmittance (T)
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Figs.: Autonomous pyranometer
network for resolving small-scale
variability in solar irradiance.
Source: Madhavan et al., AMT,
2016, doi:10.5194/amt-9-1153-2016.




Representativity of Single Stations
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Effects of Satellite Resolution

Date: 2013-05-24
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Fig.: Comparison of surface
solar irradiance estimated
from METEOSAT SEVIRI at
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, al., AMT, 2021,
2004 —— Pyranometers
...... Clear-sky doi:10.5194/amt-14-5107-2021.
—— SEVIRI-SR
—— SEVIRI-HR

Time [UTC]

s

 TROPOS

EarthCARE Sci. Val. Workshop | Frascati, IT | 13.-17. Nov. 2023 | deneke@tropos.de | Slide 10/ 15 A




S2VSR Campaign @ ARM SGP Site

+  Small-Scale Variability of Solar : e o L
Radiation (S2VSR) Campaign ~ [Fae
« Centered on ARM SGP Central 1O Q=
Facility, supported by ARM Y

»  Aim: resolve variability within 2x2 i
km2 GOES-ABI (infrared) satellite
pixel, study 3D cloud effects

* 12-week period: Jun. - Aug. 2023 L p

* Collaboration with J. Redemann /
C.Flynn (both OU)
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Complementary S2VSR Observations
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Fig.: Copernicus Sentinel-2 RGB image acquired on .
2023-06-13 at 10m spatial resolution (left). Time- UTC: 2023-06-13717:23:20
matched COGS cloud field at 50m res. (right). S
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ACTRIS Radiation Measurements by
TROPOS on Cape Verde / Mindelo

Figs.: Radiation station recently established by TROPOS on the roof of the Ocean
Science Centre Mindelo, following BSRN recommendations and including spectral
measurements (0.4.2.5um) (photos by R. Hengst).




Conclusions and Outlook |.

* Planned activities shall extend EarthCARE’s closure assessment
to surface radiation based on ACM-RT product

* Global and regional operational networks will be used as primary
source of reference data (primarily BSRN&AERONET)

* Small-scale variability of clouds limits representativity of single
point-like surface observations

- Averaging of multiple stations & overpasses required

- Challenge: quantification of (situation-dependent) expected
deviation of single-station obs. and ACM-RT fluxes
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Conclusions and Outlook Il.

* Dedicated field campaign using dense
network of radiation sensors (how many?)
would enable more rigorous closure
assessment for cloudy skies

* Complementary cloud observations such as
stereo-photogrammetry to assess
EarthCARE scene construction

Fig.: NOAA mobile
MESONET station.

° FeaS|b|||ty dependS on pred|Ctablllty of https://www.nssl.noaa.gov/tools/fofs/
EarthCARE ground track!

* Recent S2VSR campaign as blueprint?
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