
SUPER-DROPLET APPROACH TO SIMULATE PRECIPITATING TRADE-WIND CUMULI
COMPARISON OF MODEL RESULTS WITH RICO AIRCRAFT OBSERVATIONS

Sylwester Arabas1 and Shin-ichiro Shima2,*

1: Institute of Geophysics, Faculty of Physics, University of Warsaw, Poland
2: Graduate School of Simulation Studies, University of Hyogo, Kobe, Japan

*: Affiliation at the time of research: Japan Agency for Marine-Earth Science and Technology, Kanagawa, Japan

paper draft on arXiv

http://arxiv.org/pdf/1205.3313
comments welcome! (sarabas@igf.fuw.edu.pl)

simulation set-up

RICO composite case (van Zanten et al. 2011)
Nagoya University Cloud-Resolving Storm
Simulator (CReSS, Tsuboki, 2008)

list of model runs
run label grid dx=dy dz time-steps [s] sd density [cm−3]
sdm-coarse-8 64 × 64 ×100 100m 40m 1.00/0.100/0.25/1.0/1.0 2.0×10−11

sdm-coarse-32 64 × 64 ×100 100m 40m 1.00/0.100/0.25/1.0/1.0 8.0×10−11

sdm-coarse-128 64 × 64 ×100 100m 40m 1.00/0.100/0.25/1.0/1.0 3.2×10−10

sdm-coarse-512 64 × 64 ×100 100m 40m 1.00/0.100/0.25/1.0/1.0 1.3×10−09

sdm-middle-8 128×128×200 50m 20m 0.50/0.050/0.25/1.0/1.0 1.6×10−10

sdm-middle-32 128×128×200 50m 20m 0.50/0.050/0.25/1.0/1.0 6.4×10−10

sdm-middle-128 128×128×200 50m 20m 0.50/0.050/0.25/1.0/1.0 2.6×10−09

sdm-high-8 256×256×400 25m 10m 0.25/0.025/0.25/1.0/0.5 1.3×10−09

The run label denotes which grid resolution (coarse, middle or high) and super-droplet
number density was chosen. Coarse resolution corresponds to a quarter of the domain from
the original RICO set-up (i.e. grid box size of 100×100×40 m with 64×64×100 grid points);
the middle and high resolutions denote settings resulting in halved and quartered grid box
dimensions, respectively (with the domain size kept constant). For each simulation there are
five time-steps defined: long and short time-step of the Eulerian component (the short one
used for sound-wave terms), the time-step used for integrating the condensational
growth/evaporation equation, the time-step used for solving collisional growth using the
Monte-Carlo scheme, and the time-step for integration of particle motion equations.

OAP-2DS mimicking analysis
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The figure is intended for comparison with Fig. 4 in Baker et al. (2009) based
on measurement data obtained with the OAP-2DS instrument (Lawson et al.,
2006) during RICO research flights. During RICO the OAP-2DS instrument was
set to classify particles into 61 size bins spanning the 2.5 µm – 1.5 mm size
range in radius. In the analysis of Baker et al. (2009) a mean size spectrum was
derived from 237 spectra measured within rain-shafts below the cloud base at
the altitude of about 183 metres (600 ft). In order to derive comparable
quantities from the simulation results, the super-droplets in each grid cell were
classified into size bins of the same layout as used by the OAP-2DS instrument,
an altitude range of 183 ± 100 m was chosen, and only grid cells with rain
water mixing ratio qr > 0.001 g/kg were taken into account (qr being derived
from summation over super-droplets with radii greater than 40 µm).

outline
We present a series of Large Eddy Simulations (LES) employing
the Super-Droplet Method (SDM) for representing aerosol, cloud
and warm-rain microphysics (Shima, 2008; Shima et al., 2009).
SDM is a particle-based and probabilistic Monte-Carlo type model.

The model does not differentiate between aerosol particles, cloud
droplets, drizzle or rain drops. Each particle in the model (referred
to as super-droplet) represents a multiplicity of real-world particles
of the same size and of the same chemical composition.
The super-droplets are subject to (i) gravitational settling, (ii)
condensational growth/evaporation and (iii) collisional growth.

salient features of the Super-Droplet approach

• diffusive error-free computational scheme for both
condensational (moving-sectional type) and
collisional growth (Monte-Carlo type)

• particle spectrum representation facilitating
comparison with experimental data obtained with
particle-counting instruments

• persistence of arbitrary number of scalar quantities
assigned to a super-droplet (e.g. CCN physico-
chemical properties)

• scalability in terms of sampling error
(i.e. super-droplet density)

• parameterisation-free formulation of the key
processes involved in cloud-aerosol interactions

reality:  ~10       particles of different sizes 
     (aerosol, cloud, drizzle, rain particles) 

~10  m

12-14

bulk μ-physics: q  , q

2-moment μ-physics: 
    q  , N  , q  , N  

3

    particle-based μ-physics:
 ~10   "super-droplets" of variable radii,
        at variable coordinates (x,y,z) 
  (i.e. not assigned to a given grid box) 
     each "super-droplet" representing
   a number of real particles of the same
         physico-chemical properties

bin μ-physics: concentration density N(r)
      approximated with a histogram 
    (i.e. defined for discrete drop radii r)
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Fast-FSSP-mimicking analysis...

... varying grid resolution
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... varying Super-Droplet density
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Figures present height-resolved statistics of the vertical velocity w, the
supersaturation S, cloud droplet concentration CDNC, droplet effective radius reff ,
liquid water content LWC, the cubed ratio of mean volume radius to effective
radius k =< r 3 > /reff , and the standard deviation of cloud droplet radius σr .
The plots are intended for comparison with the analysis presented in Arabas et al.
(2009, Figs. 1 and 2) where the data from aircraft measurements during the
RICO campaign using the Fast-FSSP optical cloud droplet spectrometer
(Brenguier et al., 1998) were analysed. The herein analysis of SDM simulation
data is constrained to in-cloud regions defined as the grid boxes having CDNC>
20 cm-3 where CDNC is derived by summing over the super-droplets representing
particles of radius between 1 and 24 micrometres.
The choices of the CDNC threshold and the spectral range correspond to those
characteristic of the Fast-FSSP probe. Plot construction method was chosen
following the methodology of Arabas et al. (2009). For each level of the model
grid and each plotted parameter a list of values matching the in-cloud criterion is
constructed, sorted and linearly interpolated to find the 5th, 25th, 45th, 55th, 75th

and 95th percentiles. The lists are constructed from the LES-grid values (w, S) or
super-droplet statistics calculated for each grid cell (CDNC, reff , LWC, k and σr).
The 5th – 95th percentile, the interquartile, and the 45th – 55th percentile ranges
are plotted as a function of height using red, green and blue bars, respectively.

selected previously-published analyses of RICO in-situ cloud microphysics aircraft observations

Baker et al. 2009 (OAP-2DS probe) Brenguier et al. 2011 (Fast-FSSP probe) Arabas et al. 2009 (Fast-FSSP probe)
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