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Convectional and sedimentation dissipative patterns of Miso soup Tsuneo Okubo. 
Colloid Polym Sci (2009) 287:167ς178

Warm currents rise; Cold surface currents sink;
Opposite movements cannot take place at the 
same time without self-organization;

Cellular structures emerge; Benard cells

Spontaneous creation of globally coherent patterns
out of local interactions

Miso Soup



Behaviour can be reproduced numerically 
with following rules: 

1) Keep a minimum distance from one    
another

2) Follow average direction of neighbour

Flock of birds

Coherent Patterns from Local Interactions



Stevens et al. 2005; Sharon et al. 2006; Rosenfeld et al. 2006; Petters et al. 2006; 
Garay et al.,2004, Wood (2007), Savic-Jovcic and Stevens (2008), Xue et al. (2008)

Satellite imagery
NE Pacific, 
July 2001

Closed cells

Pockets of open cells
(POCs)

Open cells

Wang and Feingold 2009a



Model

ςThe Weather Research and Forecasting (WRF) model
ςTwo-moment (bulk) cloud microphysics
ςMonotonic advection
ςCyclic boundary conditions
ςAerosol Budget
ςNighttime simulations
ς60 km x 60 km domain (x = y = 300 m; z = 30 m; t = 3 s)
ς180 km x 60 km domain 



LWP dLWP/dtAerosol Effects on Cloud Morphology via Drizzle

Onset of 
drizzle
results  in
transition
to open-cell
convection

Garay et al. 2004, MISR Satellite images

Closed-cell
Albedo ~ 0.6
(non-
precipitating)

Open-cell
Albedo ~ 0.2
(precipitating)

low aerosol

WRF Model
+ 2-moment

physics;
60 km domain;

x = y = 300 m 
z = 30 m

high aerosol

Wang and Feingold, 2009a

AlbedoAlbedo



What Controls Precipitation?

dNLWPR~

R= rain rate (cloud base)
LWP= liquid water path (macro)
Nd = drop conc (microphysical)

~ 1.50
~ 0.67

Brenguier and Wood (2009)

Wang and Feingold 2009a

modeling

Rain rate is ~ 1.5 more sensitive to LWP than to Nd

observations



Precipitation Susceptibility

dNLWPR~

d
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ln

ln
ñPrecipitation susceptibilityò relates a change in 

precipitation rate to perturbations in cloud drop 

concentration

R= rain rate Nd = Cloud drop concentration

Feingold and Siebert (2009)
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 Large eddy simulation
Cloud Parcel Model: Adiabatic
                                Sub-adiabatic

Finite range over which clouds exhibit significant precipitation susceptibility

Calculations of Precipitation Susceptibility: 

Models

Climate models use 
values closer to 2

A. Sorooshian et al. (2009)
Geophys. Res. Lett.

Stratocumulus



Satellite Remote Sensing: A -Train

LWP

er

ln

ln
Symbol size: indicator of 

1.0

0.8

0.6

0.4

0.2

0.0

S
' o
 =

 -
d

ln
(R

)/
d

ln
(A

I)

1000800600

AMSR-E LWP (g m
-2

)

 AMSR-E   R

 CloudSat  R

< <

0.5

0.4

0.3

0.2

0.1

0.0
S

' o
 =

 -
d

ln
(R

)/
d

ln
(A

O
D

)
1000800600

AMSR-E LWP (g m
-2

)

 AMSR-E    R

 CloudSat   R

Sorooshian et al. (2009)
Geophys. Res. Lett.



Baker and Charlson, 1990
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Stable Equilibria

Drizzling regime

Non-drizzling regime

Attractors

A

B

Stable Equilibria: Attractors

- The process of transition starts with a positive feedback (precip)
- Once in equilibrium it enters a stable equilibrium
- How non-linear is the system?



surfacevertical velocity 

Red: Updrafts/surface convergence

Blue: Downdrafts/surface divergence

Black contours:Drizzle

Clean: 65 cm-3 Polluted: 500 cm-3Moderate: 150 cm-3

Vertical Velocity



200-m vertical velocity from 
t = 6:15 to 9:15

Cells compete or cooperate while
interacting with their shared physical
environment

Global Order from Local Interactions

Red: Updrafts
Blue: Downdrafts/precipitation

Y-shaped surface convergence zone
is region favoured for new convection

Precipitation is initiated

Downdrafts, opening of cell (blue)

Surface divergence

Flock of birds


