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What is (moist) convection?
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weakly precipitating marine stratocumuli



Cold Pools — Drivers of Organization

~ 10 km

| Cold Pool

Phoenix, USA
Aug 23, 2016




Cold Pools — Drivers of Organization

near
Barbados

Zuidema et
al., 2015




Large-scale clustering of convection




Observing Convective Clustering

Outgoing LW Radiation (W/m2)
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Large-eddy simulations

longwave radiative emission
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Convective Self-Aggregation (CSA)
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Simulated CSA
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Simulated CSA
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Simulated CSA
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SimU|ated CSA

o i ' -60 _ B

-80

—

& -100}- X

-2

-140¢

-160
Day Day

Bretherton et al., 2005



Introducing rotation (Coriolis)

Horizontal grid spacing: 3km, SST=301 K, 30 deg N (rotation)

WVP [mm| 15 m's

Bretherton et al., 2005



Modeling CSA: coarsening
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Moisture feedback
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Modeling CSA: radiation

Radiation feedback
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Proposed feedback mechanisms

® interactions between rain cells (Haerter, 2019)



New events require collisions
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Cold pools (simulation)

(a) potential temperature
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Cold pools (simulation)

Power law fit Standard deviation of the radius
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Simplified circle model




Haerter et al., 2019
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Simplified circle model

scales change linearly with time
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Replication of a cloud population

Haerter, GRL, 2019



A conceptual model for convective
self-aggregation
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Cell number densities

Total number of cells
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Three model ingredients

1. spontaneous cell generation

2. cell decay
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3. cell interaction
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Three model ingredients

1. spontaneous cell generation fsg(l —p)(1—p(1))

» ©

2. cell decay —f p(1)

»

3. cellinteraction Po(1 = 2)p(®)" (1 — p(r))

global energy  local space
~ » * constraint (RCE)  limitation




Three model ingredients

spontaneous cell

cell interaction generation cell decay
g A A - —
7 P00 = Po(l —A)p(E)" (1 — p(r)) £ fsg(l — p)(1 — p(E)— Ta p(r)
\ )
|
d
E p(r, 1) = Fq,po,fsg(p) — I P)(po pm T fsg) — P
q=1-p
m=1 Diffusion-like dynamics

m=2 Spatial interaction



Simpler case:
ignoring spontaneous |n|t|at|on
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Looking for a segregated steady state
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Organization as function of interaction
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Organization as function of interaction
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Total phase diagram
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Summary

* Convective self-aggregation from cold pool interaction and a global energy
constraint

e Conceptual model for a phase transition between a uniform and an
aggregated state — dependent on cold pool interaction

* Bifurcation analogous to a continuous phase transition
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