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Solar irradiance [W m™?]

August 11,2018, Cabauw, NL (BSRN KNM|)

—— Observed (1 s)
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Aim and objectives of Shedding Light On Cloud Shadows (2019-2024)

Quantify and understand
variability in surface solar irradiance
caused by clouds

1. Observing variability 2. Simulating variability 3. Forecasting variability

Overview of project output on chiel.cloud



https://chiel.cloud

Simulation: state-of-the-art cloud resolving models have unrealistic PDFs of solar irradiance
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1D filtered ray tracer - observations



Ray tracing to follow light from the sun through a cloudy atmosphere
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Figure from Retzlaff et al. (2017) m ce nte r



Movie by Menno Veerman (vimeo.com/channels/microhh)



http://vimeo.com/channels/microhh

Movie by Menno Veerman (vimeo.com/channels/microhh)



http://vimeo.com/channels/microhh

Simulations with ray tracing reproduce correct PDFs
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Tijhuis et al, JAMES, 2023, https://doi.org/10.1029/2022M5003262



https://doi.org/10.1029/2022MS003262

3D radiation gives surface patterns of observation, and makes clouds larger and wetter
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Veerman et al, GRL, 2022, https.//doi.org/10.1029/2022GL 100808, animations on vimeo.com/channels/microhh


https://doi.org/10.1029/2022GL100808
http://vimeo.com/channels/microhh

Large-eddy simulations set up against ERA5 and CAMS
o (LS)2D tool (https://github.com/LS2D/LS2D, or via PyPI)

MicroHH GPU large-eddy simulation
» (https://github.com/microhh/microhh)

RTE+RRTMGP radiation model
« (https://github.com/earth-system-radiation/rte-rrtmgp-cpp)

Radiation computations with different complexity

« 1D independent columns (the status-quo in weather and climate)

» 3D with GPU ray tracer (the SLOCS project)

12 selected days in Cabauw with shallow clouds

Simulation: study cloud shadows and reproduce observations in a virtual laboratory

animations on vimeo.com/channels/microhh
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https://github.com/microhh/microhh
https://github.com/earth-system-radiation/rte-rrtmgp-cpp
http://vimeo.com/channels/microhh

Cloud cover (-)

Cloud cover (-)

1.0 1

0.8 A1

0.6 1

0.4 -

0.2 -

25 Mar 2014

0.0 -

1.0 1

0.8 A1

0.6 A

o  Sle
——T T |g*|'-l‘

18 Apr 2015

03 May 2014 15 May 2014 19 May 2014 16 Jul 2014 05 Apr 2015
: kS .
l':/:.' o. .:o . :.:. ° 0.9
7/ . ‘ 1 o0 ' ’ '
'. .. :.,:'o ...'#f" ¢ o ll. ° ...‘o'o ‘. . . .
_ﬁ. I’jl | | | | | __=FI I;‘I:’ | | I‘? I5 —.I .-M | | "y ...' : | | I.‘I | | |
31 Jul 2015 03 May 2016 04 May 2016 04 Jul 2016 15 Aug 2016

le.

[ ] ‘.
.’.‘W ° g
o o f‘ '3‘::’:.:. a :. ®
TR AR 3 .
"I.J — |:¥‘I_fL “‘=I=T=%‘b| — -
(00)

| |
N O O << OO
— — N —

O o
— @\
Time (UTC) Time (UTC) Time (UTQC)
— 1D 3D « » « Observations

Tijhuis et al, ACP, 2024, https.//doi.org/10.5194/acp-24-10567-2024
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https://doi.org/10.5194/acp-24-10567-2024
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(b)

Similar cloud cover, but wetter and larger clouds with 3D radiation

1000

800

600

400

Length scale (m), 3D

200

//
cpe //
e % 7/
* e
. e _v/
o _.{'//
1000 2000 3000
Depth (m), 1D
(d)
/
® e © //
//
- . //
. /,
® /,
1 ® ] //
//
X //
® //
- ® i- //
l//
<
- e %
//J
-( 1 1 1
0 250 500 750 1000

Length scale (m), 1D

13



Disentangling the role of cloud feedbacks in the total difference between 3D and 1D
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Tijhuis et al, ACP, 2024, https.//doi.org/10.5194/acp-24-10567-2024


https://doi.org/10.5194/acp-24-10567-2024

Wetter clouds compensate extra global radiation in 3D radiation computations

Coupled effect Radiation effect Cloud effect
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Cloud feedbacks counter global radiation changes due to 3D effects

Coupled effect Radiation effect Cloud effect
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Conclusions solar radiation |

« GPU computing enables coupling LES with ray tracer

- 3D radiation makes clouds wetter and larger

«  Wetter and larger clouds do not modify the global radiation m C(-f_\/D

-  Why net zero is a mystery to be solved... clouds

/
{
% ' land surface

Research part of Shedding Light On Cloud Shadows project (website: chiel.cloud) funded by NWO Vidi scheme 17
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