
On numerical modelling of clouds and precipitation

Sylwester Arabas1

Piotr Bartman1

Michael Olesik2

1: Institute of Computer Science and Computational Mathematics

2: Marian Smoluchowski Institute of Physics

2nd Kraków Interdisciplinary Science Seminar (KISS 2020), January 2020



Cloud evolution: conceptual picture



Cloud evolution: conceptual picture

background image: vitsly.ru / Hokusai

vitsly.ru


Cloud evolution: conceptual picture

background image: vitsly.ru / Hokusai

vitsly.ru


Cloud evolution: conceptual picture

· aerosol particles of natural 
  and anthropogenic origin 
  act as condensation nuclei

background image: vitsly.ru / Hokusai

vitsly.ru


Cloud evolution: conceptual picture

background image: vitsly.ru / Hokusai

vitsly.ru


Cloud evolution: conceptual picture

background image: vitsly.ru / Hokusai

vitsly.ru


Cloud evolution: conceptual picture

background image: vitsly.ru / Hokusai

vitsly.ru


Cloud evolution: conceptual picture

background image: vitsly.ru / Hokusai

vitsly.ru


Cloud evolution: conceptual picture

background image: vitsly.ru / Hokusai

vitsly.ru


Cloud evolution: as seen from space

NASA/MODIS (27 Jan 2003 – Bay of Biscay; 17 Apr 2010 – off the coast of Peru)
http://visibleearth.nasa.gov/view.php?id=64992

http://earthobservatory.nasa.gov/IOTD/view.php?id=43795
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particle-based µ-physics: key concepts
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Figure 9: Plots of dry and wet size spectra for ten location within the simulation domain. The locations
and their labels (a–j) are overlaid on plots in Figure 8. The vertical bars at 0.5 µm and 25 µm indicate the
range of particle wet radii which is associated with cloud droplets. See section 5.4 for discussion.
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cases in ACE-2 [Pawlowska et al., 2006, Figure 2]). It
increases slightly at higher levels, with typical values
between 0.2 and 0.4. However, the range of values of d
observed during RICO is relatively wide (from 0.1 to 0.8),
while the spread of d reported for ACE-2 was significantly
smaller [cf. Pawlowska et al., 2006, Figures 2 and 3].
[14] A closer analysis of the rf07 data suggests that the

aircraft probed two separate layers of clouds. On that day,
the lower cloud layer was capped by a shallow layer of
stratiform clouds (described in the report of the flight crew
and visible on the images from the aircraft-cockpit camera).
This seems to explain structures suggesting a second cloud
base around 900 m in the plots of r and sr in Figure 1. Such
multi-layer situation might be an example of a difficult case
for the retrieval procedure applied to the remote-sensing
data presented by McFarlane and Grabowski [2007] where
a wide bimodal shape of effective radius frequency distri-
bution was reported at higher parts of the clouds.
[15] Figure 2 presents results of the analysis of the

effective radius reff (Figure 2, top) and the adiabatic fraction
AF (Figure 2, bottom) in the format similar to Figure 1 (with
histogram bin widths of 0.5 mm for reff and 0.025 for AF)
and for the same four flights. As by McFarlane and
Grabowski [2007], an adiabatic parcel model was used to
obtain the adiabatic liquid water content above the cloud
base (assumed to be constant throughout the flight). The
ratio between the observed water content (obtained from the
Fast-FSSP measurements) and the adiabatic limit, the adi-
abatic fraction AF, describes the local dilution of a probed
cloud volume. Figure 2 should be compared to McFarlane
and Grabowski [2007, Figures 1 and 2] (bearing in mind the
six-month long period of measurements represented by the
remote sensing statistics). In agreement with many previous
observations, RICO clouds are significantly diluted by en-
trainment [see, e.g., Gerber et al., 2008]. However, the
dilution is not as strong as that ofMcFarlane and Grabowski
[2007]. One needs to keep in mind, however, that the values

of AF depend on the choice of the cloud-base altitude. Since
the analysis presented here assumes a constant cloud-base
height, the AF values are characterized by additional uncer-
tainties, especially near the cloud base.
[16] The most striking is the difference in the statistics of

the effective radius obtained in the current study and those
presented by McFarlane and Grabowski [2007]. In partic-
ular, the distributions here are monomodal (except for the
flight rf07 which featured two separate cloud layers as
discussed above), with the maximum frequency of values
roughly corresponding to the larger reff values ofMcFarlane
and Grabowski [2007, Figure 2].

4. Summary

[17] This paper presents results of aircraft data analysis
from four selected flights in RICO. The goal is to obtain
relationships that are needed in cloud model microphysical
parameterizations, for instance, in the two-moment bulk
microphysics scheme of Morrison and Grabowski [2007,
2008] where the width of the cloud droplet spectrum has
to be prescribed. In addition, the width of the spectrum has
been shown to affect the relationship between the effective
radius and the mean volume radius [Martin et al., 1994;
Liu and Daum, 2000]. The values of the relative disper-
sion observed in RICO cumuli are larger than those in
ACE-2 and in previous stratocumulus observations [e.g.,
Martin et al., 1994].
[18] As for the frequency distribution of the effective

radius, there are significant differences between results
presented here and those of McFarlane and Grabowski
[2007, Figure 2]. In particular, the aircraft data show much
narrower distributions, approximately corresponding to the
peak at larger droplet sizes of McFarlane and Grabowski
[2007, Figure 2]; that is, those a few micrometers smaller
than the adiabatic size. The bimodality of the effective
radius frequency distribution is not observed in the in-situ

Figure 2. Same as Figure 1, but for the effective radius reff and adiabatic fraction AF values. Effective radius for adiabatic
clouds with droplet concentrations of 50 and 100 cm!3 are shown by solid lines (larger reff values correspond to the
concentration of 50 cm!3).
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Liu and Daum, 2000]. The values of the relative disper-
sion observed in RICO cumuli are larger than those in
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Figure 2. Same as Figure 1, but for the effective radius reff and adiabatic fraction AF values. Effective radius for adiabatic
clouds with droplet concentrations of 50 and 100 cm!3 are shown by solid lines (larger reff values correspond to the
concentration of 50 cm!3).
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a detour...

Morin et al. 2012 doi:10.1126/science.1218263

„the inability to reproduce many published computational results or to
perform credible peer review in the absence of program source code has
contributed to a perceived “credibility crisis” for research computation”

Ince et al. 2012 doi:10.1038/nature10836

„anything less than the release of source programs is intolerable
for results that depend on computation”

Easterbrook 2014 doi:10.1038/ngeo2283

„Poor code quality is endemic...”
„Significant improvements in the sharing of software tools and in making
computationally-based research reproducible require much more than
merely making the code available”



a detour...

Morin et al. 2012 doi:10.1126/science.1218263

„the inability to reproduce many published computational results or to
perform credible peer review in the absence of program source code has
contributed to a perceived “credibility crisis” for research computation”

Ince et al. 2012 doi:10.1038/nature10836

„anything less than the release of source programs is intolerable
for results that depend on computation”

Easterbrook 2014 doi:10.1038/ngeo2283

„Poor code quality is endemic...”
„Significant improvements in the sharing of software tools and in making
computationally-based research reproducible require much more than
merely making the code available”



a detour...

Morin et al. 2012 doi:10.1126/science.1218263

„the inability to reproduce many published computational results or to
perform credible peer review in the absence of program source code has
contributed to a perceived “credibility crisis” for research computation”

Ince et al. 2012 doi:10.1038/nature10836

„anything less than the release of source programs is intolerable
for results that depend on computation”

Easterbrook 2014 doi:10.1038/ngeo2283

„Poor code quality is endemic...”
„Significant improvements in the sharing of software tools and in making
computationally-based research reproducible require much more than
merely making the code available”



a detour...

Morin et al. 2012 doi:10.1126/science.1218263

„the inability to reproduce many published computational results or to
perform credible peer review in the absence of program source code has
contributed to a perceived “credibility crisis” for research computation”

Ince et al. 2012 doi:10.1038/nature10836

„anything less than the release of source programs is intolerable
for results that depend on computation”

Easterbrook 2014 doi:10.1038/ngeo2283

„Poor code quality is endemic...”
„Significant improvements in the sharing of software tools and in making
computationally-based research reproducible require much more than
merely making the code available”



detour: new 2019 GMD journal policy

doi:10.5194/gmd-12-2215-2019

I „everything required to run the experiment must be provided,
apart from the model itself”

I „ensure that there is no manual processing of the data:
models are run by a script, and all pre- and post-processing is scripted”

I „All figures and tables must be scientifically reproducible from the scripts”

I „It is the opinion of the GMD editors that if the code is not ready,
then neither is the manuscript”

I „During the review process, the ease of model download, compilation,
and running of test cases may be assessed”
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open-source software developed at UJ with FNP funding



particle-based cloud modelling workshop at UJ (April ’19)

44 researchers from 28 institutions from 11 countries

http://www.ii.uj.edu.pl/~arabas/workshop_2019/

http://www.ii.uj.edu.pl/~arabas/workshop_2019/


Thank you!
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