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Circumsolar Radiation

Circumsolar radiation is the solar radiance around the Sun disc produced by
forward scattering of aerosols and (cirrus) clouds.
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 Pyrheliometers usually have larger opening angles than

concentrating solar collectors that only use a fraction of CSR
 Direct radiation from radiative transfer models does not consider
photons scattered into the fov of the instrument/collector

_ Systematic overestimation/underestimation of collector
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Surface Measurements of Circumsolar Radiation
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Derivation and Nowcasting of Circumsolar Radiation

Satellite based

methods

AN

NWP based 3
methods 2

Goal
Implementation of a method for the consideration of scattered radiation into fov

of instrument/collector for
» better site assessment
« optimised operation/monitoring of CSP plants
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Parameterisation of Circumsolar Radiation:
effective/apparent optical thickness
Shiobara und Asano, 1994
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Parameterisation of Circumsolar Radiation:
effective/apparent optical thickness
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|ce/aer (T) const, O<k<l

k... =K. (a, I, particle shape) Lut
Shiobara und Asano, 1994

Requirements: Independently of instrument, satellite sensor or
NWP model:

1 optical thickness t

1 effective radius 7¢¢
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Cloud Input Parameters from MSG/SEVIRI Observations

Cloud Optical Thickness
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Circumsolar Radiation from MSG/SEVIRI (SFERA)
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Circumsolar Radiation from MSG/SEVIRI Observations

Validation against PSA surface measurements: May 2011 — April 2012

Optical Properties  rygnk csk fcsg MAD  RMSD  MRD  Bias N

Baum v2.0 0.54 0.50 0.11 0.16 75 % 4% 2021

Validation against PSA surface measurements: May 2011 — June 2011
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Sirch et al., in preparation

Cloud Input Parameter Nowcast W|th I\/ISG/SEVIRI
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Circumsolar Radiation Nowcast with MSG/SEVIRI

 March 2013

* No effective radius forecast, 25 um selected for ice clouds
* |ce cloud and water cloud optical thickness

» 1h forecast started at every full hour
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whole-sky UniPatras CSR

Circumsolar Radiation from Whole-Sky Observations

* Only clear sky observations
» Aerosol optical depth from whole-sky
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Circumsolar Radiation from NWP Models

A NWP model describes

Surface radiation

Incoming = - -0 Qo X reality using a series of
solar@h, ——1

vertical columns composed
of a surface and a set of
vertical atmospheric levels.

model column

EThe COMET Program




Circumsolar Radiation from NWP Models
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Circumsolar Radiation from NWP Models

Cloud
overlap assumption

Derive effective cloud quantities by mimicking
the original NWP radiative transfer model
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Circumsolar Radiation from COSMO-MUSCAT
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Conclusions

 The method by Shiobara and Asano (1994) is a flexible method that
can be applied to various kinds of input data

» Results for satellite data (clouds) are reasonably good
(confirmed by additional data from meteotest/SEVIRI + DLR/IASI)

* Results for whole-sky cameras (aerosols) are good

» Results for NWP models (clouds+aerosols) are still uncertain

Outlook

« Extend/improve validation of CSR, especially for satellite/NWP data
o Extend/improve results for NWP models: evaluate additional data
by SMHI/Harmonie, DLR/WRF, RIUUK/EURAD-IM
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