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Plant-Craig and Sakradzija & Seifert Schemes

The usual assumption in the conventional convection parameterization —
convective equilibrium:

the number of clouds in a grid box 1s always sufficient to represent an
ensemble of clouds.

o the tendency due to convection = convective forcing

But: the grid box has a finite —
the number of clouds 1s also finite, the total mass flux can fluctuate.




Plant-Craig Scheme

The assumptions made in the Plant-Craig scheme

* scale separation

* a priori equal probabilities

* no interaction between clouds

* the mean mass flux per cloud 1s independent on the large-scale situation

Clouds appear according to a Poisson process (with the parameter A
dependent on the large-scale situation).

Then

the distribution of the mass fluxes of new-born clouds
as well as instantaneous distribution of the mass fluxes
1s exponential.




The Problem

To track each cloud is expensive.

The information about each cloud or their distribution is not needed.

Only the total mass flux M (and, probably, total number of clouds N) is
needed.

The question:

1s 1t possible to average, or coarse-grain, the Plant & Craig and Sakradzija
& Seifert schemes, so that a reduced model consists of only 2 stochastic
equations for N und M?




Solution: the Simplest Case

1. The mass flux of all the clouds is the same (= (m;) = m),

The cloud lifetime does not depend on the cloud mass flux and is distributed
exponentially (with the mean = (7)).

N
— =B —D, B ~ Poisson(A), D ~ Poisson (H)

M = mN

1400

1200

1000

300

600 -

400

10 var fine
| var coarse
mean fine 51 gdr fine

200

mean coarse
1 1

. . . . ‘ ) | | | | | | gdr coarse
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 0 5000 10000 15000 20000 25000 30000 35000 40000 45000

0




Solution: Intermediate Case (=Plant-Craig scheme)

1 ‘ ‘ ‘ .
2. The mass flux of the newly generated clouds 7,y 1 _m

is distributed exponentially | (m—b)e_<mb) |

. 1 .
(with the parameter —(m . l.e., mean = (mb)),
b

the cloud lifetime does not depend
on the cloud mass flux and is distributed exponentially.

ON | | N
— =B —-D, B ~ Poisson(2), D ~ Poisson (—)
ot (7)
oM ¢ _¢
ot ~+ 7
_AM
Pr(S,; = AM) = Pr(a cloud emerges) - Pr(it has AM) = A - m )e (mp),
b IN
instantaneous distributionp(AM) 1 1 _AM
PI‘(S_ - AM) - = e (mp)

(1)  (0) (my) "

independent




Solution: Advanced Case

3. The mass flux of the newly generated clouds is distributed exponentially

: 1.
(with the parameter mgy L€ mean = (mp)),
b

the cloud lifetime does depend on the cloud mass flux:

T = amP

oN . . N
— =B-0D, B ~ Poisson(A) D ~ Poisson ( )
ot instantaneous (1)
oM ¢ g
ot T

1 _AM
Pr(S; = AM) = Pr(a cloud emerges) - Pr(it has AM) = A - o e (mp),

b

instantaneous p(AM)  p(AM)
Pr(S_ = AM) = =
" ) TAM a(AM)F




Solution: Advanced Case

How to find the actual instantaneous distribution p(m) = %m)?

Stationary and averaged p(m) can be found from the prognostic equation
setting the time rate-of-change to 0

dp(m) 0 (n(m))

ot  dt\ N ’
dN d (n(m)\ 1dn(m) 0
- 0T %\ N )TN e
oa(m) A ™ fA(m) _ la _m_
= (mp) — — — nim) = mﬁe (mp)
ot (mb)e 7T amP 0 (m) (mp)
Averaged N Averaged
Gumseaiom | ~e M) | __, instantaneous
rERte: | | di¥sishuban:

SIPAREGIEANG amma | Gamma(g + 1,(m,))




Solution: Advanced Case

How to find the actual instantaneous distribution p(m)? (Continued.)

m

: mPe (mp)

(mp)P*IT(B+1)

Stationary and averaged p(m) =

The mean of this distribution (mean mass flux per cloud)

(m) = (mp)(B+1) ==

Approximate p(m) with the same form as p(m) (i.e., gamma distribution),

. M . M
but with the actual parameter ~ instead of the averaged =
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Solution: Advanced Case

Then the approximated instantaneous distribution

p(m) = (mb)il" 5 male (mp) (Gamma with the parameters a, (my).)
where a = (m—l)% —normalized actual mean mass flux per cloud.
b

Clouds ready for extinction:

p(m) should be weighted with respective lifetimes

m __m_
pa(m) = z;(—n£ ~m&hF-le (mp)

o . L. . N
The mean actual lifetime (in the extinction rate D ~ Pozsson( ) )
actual (t)

09)

(7) = f r(m)pa(m)dm = a (my)?
0

['(a)
F'(a—p)




Solution: Advanced Case

Examplesofrealizations
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Solution: Advanced Case
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Solution: the General Recipe

The total number of clouds N
ON

6_t =
The total mass flux M

N
L
B —D, B ~ Poisson(A4) oisson|——— =

Gain: if AN, clouds are new born —

sample their mass fluxes from the distribution for generation
(exponential in the PC scheme, Weibull in the SS scheme), sum together

Loss:

» determine the actual p(m) — use the first-order approximation
(the shape of p(m) is the same as for p(m),
the parameters correspond to the actual N and M)

* determine the distribution p; (m) of mass fluxes at extinction —
weight p(m) with the dependence of lifetime on mass flux

* determine the mean lifetime (7) of the clouds at extinction — death rate D, AN

» sample their mass fluxes from p4(m), sum together




Solution: Even More Advanced Case
(the scheme of Sakradzija & Sceifert)

Apply the general recipe 1f the distribution for the cloud generation 1s Weibull

Generation | Averaged N
rate: | N instantaneous | ~ mk"'ﬁ‘le—(m) *
Weibull distribution: |
Generalized |
Gamma

_M_ ()
(m) - ﬁ - (mb) F(1+§)
First-order approximation of the actual distribution
_m_
p(m) _ mk+a—1e (mp)
a+1
r(1+%5)

where a has to be determined from (m) = % = (myp) r(1+a)
k
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Summary and Outlook

=> It seems to be possible to replace the expensive “cloud
tracking” model of Plant&Craig and Sakradzija&Seifert with
two stochastic differential equations for M and N only

=> The proposed general strategy and the first results look
reasonably, although

Further work on the formulation 1s needed

v ¥

When ready, the scheme can be coupled to a mass-flux or a
subgrid-scale cloud scheme and tested in the COSMO model

COSMO General Meeting, Wroclaw, Poland, 7-10 September 2015 %
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Thank you for your attention!

Thanks to Tobias Gocke, Dmitrii Mironov,
Bodo Ritter und Axel Seifert for fruitful discussions!

COSMO General Meeting, Wroclaw, Poland, 7-10 September 2015 %
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