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Qutline

® |nhtroduction

® [he deterministic multicloud model for
organized convection

® Stochastic interaction system for cloud area
fractions

® Effect of congestus detrainment

® Column model and (x,t) simulations for flows
over the equator.



Why a stochastic model for convection?

How cloud systems interact with each other and with
the environment!?

Adequate representation of sub-grid dynamics based
on Statistical-self similarity across-scales of tropical
convective systems

Capture deviations from quasi-equilibrium paradigm

Improve tropical variability in climate models --->
reduce model error

We propose a stochastic model for cloud area-
fractions ...



Stochastic Multi-cloud Model to inform cumulus
parametrization: represent the missing sub-grid
scale variability
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Main cloud types of tropical weather
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Nonlinear switch: A

Moisture Switch to make transition from one type of
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Nonlinear switch: A

Moisture Switch to make transition from one type of
convection to another
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e Tropospheric dynamics

1st Mode

2nd Mode
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Closures

* (ongestus heating prop. to low level CAPE

Q). X O'C/O (Oep — 07, (2))dz =

1
Qe = Q(c) | (Oep — a6(6’1 + 7;‘92)

TCOTL’U

®* Deep convection: CGAPLE & Betts-Miller

1
Qd — QQ | (Cblé’eb + a2q — @0(91 + W292))

TCOT?/U

®* Downdraits



OLR power spectrum, 1979-2001 (Symmetric)
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FREQUENCY (CFD)

OLR power spectrum, 1979-2001 (Symmetric)
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Symmetric)

R power spectrum, 1979-2001 (
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Shorter periods b/c Nonlinear effects ignored.
Model has no Rossby wave instability due to Lack of barotropic flow (Han

and K. 2010), GCM results presented next.



OLR power spectrum, 1979-2001 (Antisymmetric)
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OLR power spectrum, 1979-2001 (Antisymmetric)
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Equatorial Easterlies
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Unlike Kelvin and gravity waves, Rossby waves growth is
due to shear instability--->dry instability!




Equatorial Easterlies
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Multicloud in Aquaplanet GCM (HOMME)

Hmt = Hd'@gl(p) + (H(‘ — He)z;Z(p) wj (p) _— — ' ¢j (p/)dp/
pT

Imposed Heating and Moisture background profiles: Based on GATE
sounding (Grabowski et al. 2001)



Multicloud in Aquaplanet GCM (HOMME)
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GCM grid -
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Microscopic st s Is
grid

® |attice points 1-10 km apart.

® [attice site is occupied by a certain cloud type or is empty site



Intuitive transition rules-*--

A clear sky site turns into a congestus site with
high probability if CAPE>0 and middle troposphere
is dry.

A congestus or clear sky site turns into a deep site
with high probability if CAPE>0 and middle
troposphere is moist.

A deep site turns into a stratiform site with high
probability.

All three cloud types decay naturally according to
prescribed decay rates.



Particle Interacting System P

® Four state Markov process (at given site):

Xt:

0

1
2
3

at clear sky site

at congestus site
at deep site

at statiform site

® State Space:
»=10,1,2,31¥, N

= total number of lattice sites

X € 2 is called a configuration



Spin flips or infinitesimal transitions

® Configuration waits an “exponential” time
before it makes a transition at a random site

® A transition occurs at site jin (¢,t+ At) ,if
—_— .Xg? if ¢ £
trat = X! +n, ifi=j; ne{-3,-2,-1,1,2}.

n = 1: clear — congestus or
congestus — deep or deep — stratiform

n = —1 : congestus — clear



Special Case: No Local interactiongs
e C = CAPE/low-level CAPE,

® D = mid-tropospheric dryness

® tau kl transition time scales (parameters)

® Transition rates depend only on large-scale/external
factors

Roi = =TI(C)I'(D)  Rpo = —I'(C)(1 —T'(D))

T01 T02

Rip = LF(D) Rip = LF(C)(l o F(D))

T10 T12

Ry = =—[1 —I'(O)] Roz = = or 29

T20 723 T23
[x)=1—e"ifx >0
R3o = 1/730 ['(z)=0ifz <0

||||||||||||||||||



Cloud area fraction and
Equilibrium measure

® When local interactions are ignored, X, are N
independent four state Markov chains with the

common equilibrium measure .
01

7-‘- Y,
Rio+ Riz *
~ Rpamo+ mRi2 ~ Rog
Rao + Ra3 R

® Cloud area fractions on coarse mesh (e.g. congestus)
1

NI(t) =D Iixizyy, ol(t) = @Ng(t)
jeDb;

0<N. <@ Eo? (t) = m1(U;) at equilibrium

C

o+ m +me+mr3=1,m =
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Case When Local Interactions are Ignored

® Coarse grained Process: Nx = number of sites filled
with cloud type x within GCM grid box. e.g.

® NG talk (Thursday) will discuss local interactions
® Transition rates depend only on large scale variables
® X'i=1,2,---,N areiidrandom variables

® Exact Dynamics for Coarse Grained process: Birth-
death process with immigration:

Prob{N!T2t = . + 1/N! = k} = N.sRo1 At + o( At)

Prob{N!T2t = — 1/N! = k} = N.(Rio + Ri2)At + o( At)

Prob{ N’ "2t = k + 1/N} =k} = (NesRo1 + N.Ryo) At + o( At)

clear sky N..=N — (N.+ N; + N,)



Linking the stochastic model to the
cumulus parameterization

Q.0

H.=o, i \/ CAPE;",
_ 1
Hyg = 04|Q - 05 (@10cp + a2q — ap(01 + 7292))]+,
_ 1
H, = osa4|Q A 05 (@10cp + a2q — ap(01 + ’7292))]+
“° Diagnostic

or

1

at[{s — _(asgst/a-d — Hs)
T

S
Prognostic (more consistent with deterministic MC)
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Warm Pool Simulation using the stochastic MC Model

CRM (Grabowski et al. 2000)
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Congestus Moistening

® Believed to be main driver of deepening of convection:
transition from shallow to deep convection

® (ccurs via two main mechanisms

+ large-scale low-level moisture convergence due to congestus
heating of second baroclinic mode. Instability of convectively
coupled waves in multicloud model disappears when low-
level moisture convergence is ighored (K.and Majda, 2006) .

+ Detrainment of non-precipitating congestus clouds of up to

2g/kg/day occurs prior the deepening of convection in a small
domain CRM simulation (Waite and K. 2010).



What is next!

|. Compare diagnostic and prognostic
Stratiform Closures

2. Add effect of congestus detrainment

3. Systematic Link and comparison
between stochastic and deterministic
multicloud models



Detrainment of congestus clouds

® |ntroduce evaporation due to detrainment of
congestus

2 H. 2 2
— \/_ (eeb — Hel); Hel — 2q | \/_(‘91 -+ 2(92)

E
- T Q(}m T

® The new moisture budget equations ...

0q 22
= P+(D+FE.)/H
ot T ( )/ Hr




The Deterministic Mean Field Limit

*Mean field equations of cloud area fraction
0c=(1—0.0q4—05)Ro1 — 0c(R10 + Ri2)
0q = (1 —0c0q4 —0s)Ro2 + 0cR12 — 0q(R20 + Ra3)

0g = 0qla3 — 05 R3g

*Analogy with (original) Deterministic MC

L MFL + MFL _ T12
OHe~ g (0] [(D)\/CAPE} — H,), MF* = &
H, ~ r237T20l(C) (1 ~ F(D)> x

| T02(720 + T23(1 — I'(C))_
) 1
[Q F———(a10ep + azq — ao(01 + ’ygﬁg))]+
Tconva-d

® [(D) is an increasing function of 6.5 — 6y,

like A but highly non-linear



Single Column Simulations
FMK12(n=30) New Strat. Closure(n=30)
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Congestus detrainment

New Strat. Closure n=10 Congestus Detrainment n=30

5 days 5 Elays
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Diagnostic (n=30)
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(x,t) Simulations Uniform SST background:
* Slow moving envelopes of convection
* Fast moving dry gravity waves
* Convective envelopes are more coherent in Prognostic case
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FMK12 deterministic
T ' u — =71 VYVarm Pool Background:
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Walker Circulation and VWaves
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Some Statistics

* Stochastic model boosts both variability of convection
and strength of zonal winds

* Variability is insensitive to number of lattice sites n
when in the range of 10 to 30

* Variability of deep convection decreases but congestus
variability increases, consistent with stiffness of mean
field limit--->deterministic chaos--->formation of
persistent congestus decks.



Some Statlstlcs

“Regime model warm pool max (U, W) std(H ) std(H.)
“FMK12 deterministic - (4m/s,dcm/s) 0.97 K/Day | 0.14 K/Day
FMK12 stochastic n = 30 (10m/s,2cm/s) 2.14 K/Day | 2.83 K/Day
New heating closure stochastic n=10 (10m/s, lem/s) 3.21 K/Day | 4.21 K/Day
New heating closure stochastic n = 30 (11m/s, lem/s) 2.34 K/Day | 4.26 K/Day
New heating closure stochastic n = 100 (11m/s,lem/s) 1.96K/Day | 5.02 K/Day

* Stochastic model boosts both variability of convection
and strength of zonal winds

* Variability is insensitive to number of lattice sites n
when in the range of 10 to 30

* Variability of deep convection decreases but congestus
variability increases, consistent with stiffness of mean
field limit--->deterministic chaos--->formation of
persistent congestus decks.



Statistics (continued)
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Conclusions

® Multicloud model captures key features of
organized tropical convection including MJO

® Here we showed how to build physically
constrained stochastic model to account for
sub-grid scale variability

® More chaotic behaviour for small values of n

® Dry gravity waves may play non-trivial roles in
shutting convection in subsidence regions

® Congestus detrainment elucidate this clearly

® Variability increases as more physics are added



