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RICO cumuli SDM: Super-Droplet Method macrophysics: SDM vs. other LES microphysics: SDM vs. observations

Rain in Cumulus over Ocean (Rauber et al. ’07)

(click to start the movie)

The Earth Simulator building (Yokohama, Japan)

NCAR C-130 at the Antigua’s airport (photo: B. Stevens)

(click to start the movie)

RICO LES intercomparison (van Zanten et al. ’11)
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RICO cumuli SDM: Super-Droplet Method macrophysics: SDM vs. other LES microphysics: SDM vs. observations

RICO set-up modelled with CReSS-bulk (Kessler param.)

(Loading movie...)

(model domain translated by [−6,−4] m/s)

CReSS: Cloud Resolving Storm Simulator (Tsuboki and Sakakibara, 2006, Lect. Not. Comp. Sci.)
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RICO LES intercomparison

van Zanten et al. 2011, (JAMES, in press):

• definition of the model benchmark case – the „RICO” set-up

• comparison of results from 13 different LES models

• selected conclusions:

• ”simulations agree on the broad structure of the cloud field ...
plausibly reproduces many features of the observed layer”

• ”simulations do show considerable departures from one another
in the representation of the cloud microphysical structure”

• ”simulations differ substantially in the amount of rain they produce”

• ”these differences appear to be related
to microphysical assumptions made in the models”
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100x100x40 m
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100x100x40 m
bulk μ-physics: q  , q

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

inside each grid box:

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

c      r
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reality:  ~10       particles of different sizes 
     (aerosol, cloud, drizzle, rain particles) 
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The Super-Droplet Method (Shima et al, 2009, QJRMS)

Super-Droplet Method summary:

• particle-based cloud microphysics model describing
(in a non-parametrised way):

• condensational growth
(incl. CCN activation)

• collisional growth
(incl. rain initiation and aerosol wet deposition)

• gravitational sedimentation
(incl. drizzle and rain precipitation and aerosol dry deposition)

• Monte-Carlo type probabilistic scheme for numerically solving the
droplet collision-coalescence process

• Method of coupling particle-based simulation with an LES

similar formulation (save for the Monte-Carlo collisions) as in e.g.:
– Lagrangian Cloud Model (LCM) by Andrejczuk, Grabowski et al. (2010)

– Lagrangian droplets in the PALM model? (the today’s talk by Theres Franke)
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SDM: Monte Carlo scheme the droplet coalescence process

• for all n super-droplets in a grid box of volume ∆V in timestep ∆t

• each representing ξ real particles (aerosol/cloud/drizzle/rain)

• the probability of coalescence of i-th and j-th super-droplets is:

Pij = max(ξi , ξj ) · E (ri , rj ) · π(ri + rj )2 · |vi − vj |︸ ︷︷ ︸
coalescence kernel

· ∆t
∆V ·

n·(n−1)
2 /

[
n
2

]
where r – drop radii, E (ri , rj ) – collection efficiency, v – drop velocities

• coalescence takes place following the latter of the two (consistent) scenarios:

• a part of ξ real particles (defined by Pij ) coalesce every timestep
• all of min(ξi ,ξj ) droplets coalesce once in a number of timesteps (defined by Pij )
 there’s always a ”bin” of the right size to store the collided particles

• collisions triggered by comparing a uniform random number with Pij

• [n/2] random non-overlapping (i,j) pairs examined instead of all (i,j) pairs
cost: O

(
n2
)
 O

(
n
)
, probability upscaled by n·(n−1)

2 /
[

n
2

]
7 / 20
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CReSS: bulk vs. SDM computational cost

O(n) with number 
of super-droplets!
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CReSS-SDM (8 super-droplets per grid box)

(Loading movie...)

(model domain translated by [−6,−4] m/s)
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CReSS-SDM (32 super-droplets per grid box)

(Loading movie...)

(model domain translated by [−6,−4] m/s)
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CReSS-SDM (128 super-droplets per grid box)

(Loading movie...)

(model domain translated by [−6,−4] m/s)
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CReSS-SDM (512 super-droplets per grid box)

(Loading movie...)

(model domain translated by [−6,−4] m/s)
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• original RICO set-up grid: CReSS-bulk, 8 SD, 32 SD, 128 SD, 512 SD
• half grid size for all directions: 8 SD, 32 SD
• 13 LES models from van Zanten et al. 2011 (data: http://knmi.nl/samenw/rico)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 1 2

cl
ou

d 
co

ve
r 

[1
]

500

1000

1500

2000

2500

3000

3500

0 1 2

cl
ou

d 
to

p 
he

ig
ht

 [m
]

20 21 22 23 24

20 21 22 23 24

~ ~
~ ~

~ ~
~ ~

time [h]

time [h]

~ ~

• sensitivity to vertical grid resolution (supersaturation!)
• 24h simulation vs. lack of super-droplet sources (precipitation is a sink)
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Particle-based simulation results may be directly compared
with particle-counting/sizing measurements!

Figure 1. from Rauber et al. 2007 (MWR)

Fast-FSSP / Meteo-France, Toulouse
Brenguier et al. 1997, JAOT

OAP-2DS / SPEC Inc. Boulder CO
Lawson et al. 2006, JAOT

Fast-FSSP:
 

- measures light
scattered by 
single cloud
particles
 

- sizes cloud
droplets in
the 2-50 μm
diameter range

OAP-2DS:
 

- measures light
shadowed by 
cloud/drizzle/rain 
drops
 

- sizes multiple 
particles at a time
in the 5-3000 μm
diameter range
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Fast-FSSP height-resolved statistics of CDNC, reff & σr (Arabas et al. 2009, GRL)

RICO RF07 (Dec. 17th 2004), frequency distributions at a given altitude: 0th, 5th, 25th, 50th, 75th, 95th and 100th percentiles

15 / 20



RICO cumuli SDM: Super-Droplet Method macrophysics: SDM vs. other LES microphysics: SDM vs. observations

CReSS-SDM height-resolved statistics of CDNC, reff & σr (512 SD/gridbox)

domain-wide stats (t=5h) over Fast-FSSP spectral range, freq. dist. at a given alt.: 0th, 5th, 25th, 50th, 75th, 95th and 100th percentiles
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Baker et al. 2009: OAP-2DS spectra in RICO rain-shafts

not extend to all rain shafts. Rain shafts with larger
drops may contain greater numbers of drops , 100 mm,
possibly because of more vigorous drop breakup.
Studies modeling these physical processes (Nicholls

1987, List and McFarquhar 1990) predict a lack of smaller
drops below cloud, similar to the observations pre-
sented herein. Nicholls (1987) also shows observational
measurements of smaller drops in excess of those pre-
dicted by the model and in excess of those found in this
study. Nicholls (1987) suggests that simplifications in the
below-cloud model were responsible for the discrep-
ancies. In light of what we now know, that all probes
can be significantly affected by precipitation unless
some means of removing those effects are employed,
an alternative explanation for the discrepancies exists.
The subcloud measurements of smaller drops were
likely spurious effects of the precipitation on the probes
used to measure the smaller drops [an axially scat-
tering spectrometer probe, a Johnson–Williams hot-wire
probe, and a 2D imaging probe; described in Nicholls
(1984)].

5. Conclusions

The main conclusion from this study is the lack of 30–
100-mm-diameter cloud drops in the RICO rain shafts.
There is a low concentration of deliquesced aerosols

showing up in the 10- and 20-mm size bins of the 2D-S.
The concentration measurements between 30 and 100
mm are even lower than the deliquesced aerosols con-
centrations. The counts in these bins might be rare real
particles but could also be rare spurious artifacts not
completely removed by the artifact removal algorithms.
The measured low concentration of hydrometeors smaller
than 100 mm implies that their rate of production,
through evaporation and through natural drop breakup,
is slow relative to their removal rate, through evapora-
tion and through collision and coalescence. This paper
also presents data from the new 2D-S probe, including
the removal of spurious effects of noisy photodiodes
and splashing precipitation.
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Aircraft Studies (CIRPAS). We extend our apprecia-
tion for the support of Bob Bluth and Haflidi Jonsson.

APPENDIX A

Removing Spurious 2D-S Events

2D-S raw data include spurious effects. These are
primarily from noisy photodiodes and from splashing or
shattering of precipitation. Algorithms used to remove
the majority of these spurious effects while retaining a
majority of the valid images are briefly described herein.
For a complete description, visit http://specinc.com/ and/
or contact SPEC personnel.
There are five quasi-independent steps to the algo-

rithm: 1)test for noise through line and dot patterns, 2)
test for noise through statistics of particle center loca-
tions, 3) test for roundness, 4) test for splashing events
based on black and white area considerations, and 5) test
for splashing events based on interevent-distances if the
probe is in precipitation. For step 1, Fig. A1 shows some
examples of noise-generated images appearing in line-
plus-dot patterns. Such patterns are identified and elim-
inated using criteria based on various length and area
parameters estimated from the images. In step 2, noisy
photodiode effects are also removed based on the sta-
tistics of image center locations. When a photodiode is
noisy, there are more images centered on this diode than
on normal functioning photodiodes. Therefore image

FIG. 4. The mean of 237 rain PSDs is shown on top of density
contours of the 237 individual rain PSDs observed at 600-ft (;183m)
altitude over the ocean on 19 Jan 2005. The contours show the
number of PSDs passing through the region. Very few individual
PSDs have any counts at all between 30 and 100 mm. These do not
appear on the contour plot because zero values are not included on
log–log plots.
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- 128 super droplets per grid box
- 512 super droplets per grid box

OAP-2DS measurement
(Baker et al. 2009, fig 4)

Baker et al. 2009:

• OAP-2DS, RICO RF17 (Jan. 19th 2005)

• 237 size distributions (line=mean)

• observed in rain shafts at 180m (600ft)

Super-droplet simulation:

• means over the last 4h of simulation

• altitude < 300 m, qr > 0.001g/kg

• OAP-2DS bin layout
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Summary and outlook

Summary

• Monte-Carlo type cloud µ-physics coupled with LES

• 24h simulations of a field of precipitating trade-wind cumuli

• prediction of detailed features of aerosol/cloud/drizzle/rain spectrum

• encouraging results from comparison with aircraft observations

Outlook

• perturbing initial aerosol spectrum  impact on precip/albedo

• tracing back above-cloud base CCN activation

• . . .

Acknowledgements: JAMSTEC, The Earth Simulator; Akira T. Noda & Kanya Kusano;
CReSS model developers; Hanna Pawlowska
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Thank you for your attention!

(click to start the movie)

Sylwester Arabas
sarabas@igf.fuw.edu.pl
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RICO set-up (van Zanten et al. 2011, JAMES)

http://www.knmi.nl/samenw/rico/

• duration: 24h (analyses mostly over the last 4h)

• domain size: 12.8 × 12.8 × 4.0 km; 128 × 128 × 100 grid points

• boundary conditions:
• lateral: periodic
• top: sponge layer 200 m above the mean inversion height
• bottom: surfaces fluxes parameterised

• initial condition: u, v , qt , & θl profiles based on observations/reanalysis

• initial random qv and θ perturbations

• surface: constant SST of 299.8 K, prescribed drag coefficients

• large-scale forcings (subsidence & large-scale advection)

• other: domain translation by mean wind (SDM less sensitive than Kessler)

• CReSS/SDM options:
• coalescence kernel: Hall
• subgrid-scale model: Smagorinsky
• advection scheme: semi-Lagrangian / Cubic Lagrange interpolation
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CCN activation spectrum for the RICO set-up
predictions for lognormal fits to RICO aerosol aircraft observations

(using adaptive moving-sectional air-parcel model, Arabas & Pawlowska 2011, GMD)
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MODIS image by Robert Wood: http://www.atmos.washington.edu/~robwood/images/trade_cu_modis.jpg
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