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1.

Entrainment

But what about detrainment?
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Dutch Atmospheric Large Eddy Simulation Model (DALES)

-

https://github.com/dalesteam/dales Heus et al. Geoscientific Model Development (2010)
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New ECMWF entrainment parameterization (Bechtold 2008 QJRMS)

E=E&, (1.3 - RH(Z))fscale Larger entrainment rates: lower cloud top height.

Is this justified?
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« Fractional inflow rate ¢,

« Assume uniform distribution of all possible
mixtures

(Bretherton et al. MWR 2004,
Raymond & Blyth JAS 86)

*Entrainment/Detrainment rate dependent on
buoyancy
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Xe = (Cpﬂ'/L) gsel 3 — a)(1 — RH) — aqg,

De Rooy and Siebesma MWR 2008
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Larger RH => larger x. => higher
entrainment => lower cloud top

aT, (K)

But what about detrainment...?

Msc thesis Sander Jonker (2004)



Similar set up as in: Wu, Stevens, Arakawa JAS 2009
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eDomain Size 75X75X25km
e AX=Ay=150m Az=40~190m
eFixed surface fluxes:

o HF ~350W/m2

oSHF ~150W/m2

eNo windshear

eNo radiation

Most cases repeated 5 times
with different random
initialisation (200 similations)



More unstable

unstable

stable

height [m]

relative humidity = 80

relative humidity = 85

height [m]

hieight [m]

1
1.5
¢ & & [1fm]

1
25

%1077

3.0

1
05 10 15
£ & & [1/m]

1
2.5

%1077

3.0

5000

relative humidity = 90

BOOO -
T000F
6000 -
5000
4000
3000
2000
1000

—+— ¢ in hour 7 ||
—H— 4§ in hour 7 (|
—+— ¢ in hour 8 (|
—+H— din hour 8

0.0

5000
BOOO
7000
6000
5000 -
4000 F
3000
2000
1000

—+— ¢ in hour 7 |
—+— din hour 7 ||
F+H— ¢ in hour 8 (|
—+— 4 in hour 8

0.0

5000

gooo [
7000
6000
soo0 |
aooof
3000
2000

—+— ¢ in hour 7 |J
—H— 4 in hour 7 (|
—+— ¢ in hour B (]
—+H— din hour 8

1000

0.0

1.0

15 20 25 30
£ &4 [1/m] =107

moister

>



entrainment [1/m
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-Detrainment decreases with increasing humidity
-Detrainment decreases with increasing instability

b
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*Variations of Entrainment small........compared with the variations of detrainment
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*Entrainment decreases with increasing RH, instability .... But differences are much smaller
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Precip , cloud top height increase with increasing RH, instability
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M = pOOWc

Variation due to cloud core fraction or due to incore vertical velocity?
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Dryer and less unstable Moister and more unstable

Ziop =~ e
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z(m)

Directly parameterize
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Str dependency of moist convection on tropospheric relative humidity and
Stability P Y POSP Y

Mostly related to detrainment and hence due to the cloud height distribution

Allows for simpler and more realistic bulk mass flux convection parameterization
(get around detrainment)

No need to seperate shallow and deep convection

Can this behaviour also be captured by a multi-plume approach??



2.

Multi-Plume Approach
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Cloud Ensemble as a Predator-Prey System




Idea: Application of LV to cloud populations

See each size as a different species

Interactions between clouds of different size:

* Big clouds die and break apart into smaller
ones (downscale energy cascade)

* Smaller clouds feed bigger ones by
‘preparing the ground’ for their existence
(pulsating growth)

* Bigger clouds prey on smaller clouds, by
suppressing them through compensating
subsidence & the effect of gravity waves



Cloud size densities

Pretty well known from observations
and LES

Plank, J App Met, 1969
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Model development : ED(MF) Bin-Macrophysics”

What is ED(MF)"? The Eddy-Diffusivity (ED) multiple Mass Flux (MF)" scheme

Novelties:

«  Spectral formulation in terms of size
densities - back to the ideas of
Arakawa & Schubert (1974) o - <ation

Level (LCL)

height

«  Discretized into histograms with a -
limited number of bins i j\?

- Each bin represents the average A
properties of all plumes of a certain b) size
size

«  The discretized size densities are
“resolved” using a rising plume
model for each bin

size



Model formulation — Step |
Foundation: the number density as
a function of size

Adopted shape: power-law ,
potentially including scale-break

ND=al®

Observations suggest:

—1.7 for l<lbreak

b~

__:3 for l ;Z lbreak:

N = [N()dl

log( #* / N )

| :size
N : total nr

BOMEX

........ SCMS hr3
— — — ARM 19.00-20.00utc
—___linear fit




Model formulation — Step i

Related: the size density of area fraction

Basic EDMF:

a,, =10%

For the moment
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Model formulation — Step Il

Expand to fluxes, introduce dependence on height (z):

W9 (2) = AL w(2) [90.2)-4(2)] di

M(l,z)  Mass flux

A spectral mass flux scheme (e.g. Arakawa & Schubert,1974)

To do: come up with a method to produce (/, z) fields



Model formulation — Step IV

n Plume Equations with different sizez |;:

0 _
al;’=—g(q0,—q0)for<p6{01,qt}
1 aw; =—ew’ +aB
2 07 l
g ol

Remark 1 : No detrainment necessary (determined by multiplume ensemble)

Remark 2: More equations but less parameteric freedom



Justification from LES

Clouds sampled
using 180
snapshots from
GCSS BOMEX
case
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Preliminary results with ED(MF)"

Single-column model experiments for the RICO shallow cumulus case, using a
prescribed number density
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Figure 4. ED(MF)" results for the RICO case, showing
profiles of a) liquid water potential temperature 6;, b)
total water specific humidity ¢;, and c¢) relative humid-
ity RH. LES results (green) are included for reference.
Three timepoints are shown, including t=8 hours (dot-
ted), t=16 hours (dashed) and t=24 hours (solid).



Preliminary results with ED(MF)

Decomposition of the humidity flux as a function of size:
Indirect interactions between plumes of different sizes
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Different sizes play a different role in equilibration
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Smaller convective plumes
pickup humidity below cloud
base, and detrain this
above

In turn, the largest
convective plumes pickup
flux above cloud base, and
transport this up to the
inversion
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No need for specification of mass flux (or detrainment)

No specific assumptions needed for entrainment
Self-regulating physical mechanism

All closure assumptions are condensed in the cloud base area fraction (and the
cloud base size distribution)

Microphysics, stochasticity and scale awareness can be build in naturally

Cut-off length /¢

Num
ber

([STOChAasCILY)

ENGTNNP Scale-awareness
r_c'!!ITJOHJ CJ{'E;)?/ ‘

But how exactly? Size



3.

Stochastic Closure
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Breakdown of statistical quasi-equilibrium

resolved convection
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Dorrestijn & Siebesma 2014
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2. Stochastic Multicloud Approach

GCM grid box a micro-grid (N micro-grid nodes)



Each micro-grid node can be in one of the M (=4) states:
(s) (d)

(c)

( Khouider et al 2010 )
Top of the boundary layer

Stratus deep convective congestus clear
N
1
« Each type has a area fraction defined by: Um(t) = N Z 1[Yn(t) = m],
n=1
T(a,p)

* Probability to switch from state o to g

ST
B

Transition Probabilities can be found
through: Obs data, LES data, Theory



[IClear
[ shallow
I Congestus
I Deep
I statiform

LES data labeled with 4 cloud types

[ IClear
[ shallow
I Congestus
I Ocep

I stratiform

Trained Cellular Automata
(i.e. CMC with neighbour interaction)

Dorrestijn et al: Phil Trans R Soc A (2013)



Training the system with obs

mi&ro grid
radar data statistical 3
inference 4145 5 _
> 3155 5 cloud types:
41513 1 = clear sky
9)
= 3 = strong congestus
: 4 34 .
GCM grid > g > 4 > 4 = deep convective cloud
5 5 = stratiform cloud

Finding the transition probabilities

Condition them on the present state in order to get conditional probabilities (w, CAPE,
state of the neighbour))

Leading to a conditional Markov Chain (CMC)



Unconditional Markov Chain

/0.8987 0.0668 0.0006 0.0011 0.0329\
0.4147 0.4707 0.0033 0.0026 0.1086

M= 0.2563 0.2686 0.2177 0.0545 0.2029

0.1757 0.0284 0.0124 0.4295 0.3540

\0.1185 0.0779 0.0010 0.0091 0.7935)

Clear Sky

Moderate Congestus
Strong Congestus
Deep Convection

o A W N =

Stratiform

Next step: Condition the transition probabilities on the large scale state



Lagged Correlation Analysis
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Conditioning on w-intervals
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« For each state y (i.e. w-interval a transition matrix is
constructed from the data set

« So in total we have now I'=25 5x5 transition matrices
describing the transition probabilities (y = 1....T")

p_ L@p
YT @p)
B

Conditional Markov Chain (CMC)



Deep convective fractions in more details

)

8H = = = Observations
o | 10x10 CMCs 25 clusters (m)
----- Expected values of CMC

< ¢ |
5 5 \ | deep convective
O h
© 4f
©
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2 s Il

| l
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Adds more realistic variability to the convection scheme

Dorrestijn, Siebesma & Crommelin (2015)



SPEEDY

SPEEDY : Simplified Parameterizations, primitivE-Equations Dynamics (Molteni)
GCM of intermediate complexity

98x48 grid columns (T30) and 8 vertical levels

Simplified Mass Flux Scheme (Tiedtke 1988)

The Markov chain fractions are used as a closure for the mass flux at cloud base M,.

o, cloud core fraction at cloud base

Mb = POW,, W, ,: vertical velocity of cloud core at base

O,=0,+0,

IOWc,b = 1

Closure
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Conditional Markov Chains (CMC’s) have been used to describe the

transitions between the states of the multicloud model.

Conditional transition rates have been trained with observational data and
work best when conditioned on o

Increased and more realistic variability of the convective mass flux

Model can be coupled to convection scheme of (any) GCM (such as the
multiplume) via the convective area fraction in the cloud base mass flux.



