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1. Introduction

4. Results

1. Different CCN characteristics such as size 
distributions, number concentration, and 
chemical compositions lead to a different 
mean radius, but they do not affect the 
spectral width of activated droplets. 

2. With the help of an Eddy hopping 
mechanism, a spectral broadening of cloud 
droplets is shown as TKE dissipation rate 
increases. 

3. The broadening of droplet spectra plays an 
initial role in the effective collision-
coalescence process.

4. The Eddy hopping mechanism was also 
incorporated in the LCM-LES framework and 
tested in shallow cloud cases.

5. In the case of homogeneously distributed 
aerosols at the beginning, high number 
concentrations which delay the development 
at the early stage of the cloud life-cycle.

6. The change of vertical profiles leads to a 
more significant number of smaller radii at the 
cloud base. Giant CCNs as the collector can 
increase the chance of collision. It may play a 
different role in cloud life-cycle between the 
deep and shallow cloud case.

5. Conclusions

Contact: lee@tropos.de

v The motivation is to use the Lagrangian methodology from the most 
straightforward framework called Adiabatic Parcel (AP) to Large Eddy 
Simulations (LES) to investigate the effects of aerosol particles on the cloud 
life-cycle. 

v We apply various size distributions and vertical concentrations of aerosol, 
which play a significant role in cloud evolution.

v Also, both models include the Eddy hopping mechanism. The idea is each 
droplet within a turbulent flow has a different history that results in the 
broadening of spectra.     

2. Lagrangian methodology
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2.1 Adiabatic Parcel model (AP)

2.2 Coupled with Large Eddy Simulation (LCM-LES)
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Fig. 1: A mathematical representation of the AP model (upper) and the LCM-LES (lower). Both use a 
two-way coupling of the fluid model to the Lagrangian particle model.

2.3 Eddy hopping mechanism (EH)
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- Left: In the AP model, the aerosol distribution
affects the mean radius (rmean) and supersaturation
(SS) of activated droplets, but it does not effect the
widths of the spectra.

- Right: Eddy hopping mechanism is applied to the
AP. The increase of TKE dissipation rate leads to 
the larger spectral width of the activated cloud 
droplets.

c
Fig. 3: Evolutions of averaged supersaturation (SS) 
and mean radius of activated droplets(rmean)

AP model

See more in detail in Hoffmann et al. (2017)

LCM-LES

The AP results

Fig. 2: Characteristics of the size distribution (Left) over various regions, and different scenarios of the 
vertical profiles of aerosol concentration with height (Right).  

3. Model setup

The LCM-LES results with Eddy hopping (EH)

Fig. 5: PDFs of radius with/without Eddy hopping (Left) and scatter plot of dissipation rate as a function 
of radius(Right) at time = 20min after releasing a bubble.

Fig. 6: Superdroplets distribution with height and PDFs of droplet mass for a homogeneous (red) and
inhomogeneous (blue) distribution case. Collected droplets represent the top 20th percentile in size.  

Fig. 4: Standard deviation (!) of activated droplets as a 
function of parcel length scale L at the end of the 
simulation (t=1000s). The symbols represent different 
dissipation rates (cm2s-3), and chemical compositions 
are shown with different colors.   
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Fig. 6: When anthropogenic aerosol particles are 
released from the surface as a source of polluted 
emission, they enrich the layer below the cloud base 
that results in more activated droplets of smaller radii 
at the cloud base while the largest droplet still grows.
By doing so, giant CCN can collect increase the 
change of collision. Insoluble aerosols also are 
included and affect broadening spectra significantly.

Fig. 5: Spectral broadening happens at the cloud 
edges with the help of the EH mechanism, although 
broadening is not significant in a shallow cloud. Also, 
the case of homogeneously distributed aerosols 
shows high number concentration delays the 
development of cloud life-cycle so that it inhibits 
precipitation embryos in shallow clouds.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2355.591 3342.047]
>> setpagedevice


