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. . . Radiation
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How it is done in COSMO-operational ?

If RH=100%

= ' i Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> scHate

=1 Computed a,+a,qc

for “typical clouds”

If RH<100% , SGS stratus

- . . Radiation
Cloud_cov_er+ Liquid Water Content + Effective Radius |:> sehorns

i 1

: Erh m: f(T) d 1+32qc
j RH /,! . 0.005* QVsat,g* (1_fice)

If RH<100% , SGS cumulus P
Cloud cover + Liquid Water Content + Effective Radius [C——————) e

scheme
Using cloud f(T) a,;tac
depth from 0.005*QV,, *(1-f.)
Shallow Conv.
scheme
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How it is done in COSMO-"cloudrad” ?

If RH=100%

R - A Radiation
Cloud cover + Liquid Water Content + Effective Radius [—————) -
=1 Computed R, = ¢ (@
const or
Segal-Khain using W
and Tegen/CAMS!

If RH<100% , SGS stratus Radiad
- . : adiation
Cloud_cov_er+ Liquid Water Content + Effective Radius [[————) |

o e scheme
; From__,.-';,;if':'f" f(T) const / as above
RH // | tuning*QVv,,, " (1-f,.)
If RH<100% , SGS cumulus Radiati
i, X ) adiation
Cloud cover + Liquid Water Content + Effective Radius :> cchoroe
Using cloud fi(18) const / as above
depth from tuning*QV,,, * (1-f..)
Shallow Conv.
scheme
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Is this effective radius important?

Sensitivity of T,,, in 7-day experiment with COSMO-DE

Timeseries of mean T_2M over SYNOP-masked domain

= = gridded SYNOF data’ ' ' ' ' ' ' ' ' ' ' '
[——  fact0.5 zsedac-0.04_irad-1: iaar-1_reinic-for-sgs-TRUE rainic-Ea-6_icntfardl ncBlef grosqg-FALSE | 7
16 = - - nlacl0g asmanai o, inad-4; a2, inie oo TRUR treinie-Ge-q ivnjadll. ne-20086. arggner TRUE. L LR —
—— gfact0.5 zsexfac-0.01_irad-4iiaar-2_reinictor-sgs-TRUBreinic-152i6_icdtradkl no-30e6_qrisha-TRUE
—— ofact-0.5_2sedac-0.01_irad-4]iaar-2 reinic-for-egs-TRUE Reinic-Lo-d icnjrdil nc-Glek_grgsad-TRUC
— _ri'lacL-D.S zeewfac-0.01 irad-4f ider-2 reinic-lor-sgs-FALBE einic-3246 oWl ne-30ed afpanb-TRUE
B i ; = . | ;
J.I 5 n
o
14—y
)
e L
i
=
£ -
= L4
NI -H el (AEERERE | EEEREREY | KECRE - [EEEFRERS | EERER || EEEEERE CSEECREE: EEEEE . 'RECRER (A SEEE ¥ EEEERE: | EERERS:
'_
|
L J|
|
|
|
Wf
I'\U.'
Yy
| | 1 1 I | | | 1 I | | | 1 I 1
0 50 100 150

Time inh

Ulrich Blahak, COSMO General Meeting 2016, Offenbach, 5.9.2016



How it is done in COSMO-"cloudrad” ?

If RH=100%

R - A Radiation
Cloud cover + Liquid Water Content + Effective Radius [—————) -
=1 Computed R, = ¢ (@
const or
Segal-Khain using W
and Tegen/CAMS!

If RH<100% , SGS stratus Radiad
- . : adiation
Cloud_cov_er+ Liquid Water Content + Effective Radius [[————) |

o e scheme
; From__,.-';,;if':'f" f(T) const / as above
RH // | tuning*QVv,,, " (1-f,.)
If RH<100% , SGS cumulus Radiati
i, X ) adiation
Cloud cover + Liquid Water Content + Effective Radius :> cchoroe
Using cloud fi(18) const / as above
depth from tuning*QV,,, * (1-f..)
Shallow Conv.
scheme
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How it is done in COSMO-"cloudrad” ?

If RH=100% e
ot 0 . adiation
Cloud cover + Liquid Water Content + Effective Radius [—————) -
=1 Computed Re =5
const or
Segal-Khain using W
and Tegen/CAMS!

If RH<100% , SGS stratus Radiad
- . : adiation
Cloud_c_ov_er+ Liquid Water Content + Effective Radius [[————) |

e scheme
Y f(T) cons above
' tun I Vsat,g ce)

If RH<100% , SGS cumulus P
Cloud cover + Liquid Water Content + Effective Radius [C——————) e

scheme
Using cloud % che
tU j stat,g* i ice)

de m
allow Conv.
scheme
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Next improvement

If RH=100%

= ' i Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> scHate

Not from q.!
New parametrization )
with Segal-Khain J
using CAMS or ART

=1 Computed

If RH<100% , SGS stratus

- . . Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> sehorns

Turbulent Turbulent Not from q_!

properties properties New parametrization ?
with Segal-Khain

using CAMS or ART

If RH<100% , SGS cumulus

Radiation
Cloud cover + Liquid Water Content + Effective Radius :> schleme

Advanced g. from shallow conv. Not from q.!

scheme New parametrization
with Segal-Khain

using CAMS or ART

Shallow Conv.
Scheme ?
Sakradzija et al.,
2016

or
New parametrization




Next improvement

If RH=100% Radiati
= ' . adiation
Cloud cover + Liquid Water Content + Effective Radius |:> schleme

Not from q.!
New parametrization )
with Segal-Khain J
using CAMS or ART

=1 Computed

If RH<100% , SGS stratus Rad o
. N . - adiation
Cloud cover + Liquid Water Content + Effective Radius [———) cchoral
Turbulent Turbulent Not from q_!
properties properties New parametrization ?

with Segal-Khain
using CAMS or ART

If RH<100% , SGS cumulus g
. : : adiation
Cloud cover + Liquid Water Content + Effective Radius C———) s
Advanced g. from shallow conv. Not from q.!
scheme New parametrization

Shallow Conv.
Scheme ?
Sakradzija et al.,
2016

with Segal-Khain
using CAMS or ART

or
New parametrization




Mean effective radius

d. and N, are highly dispersive but R, is not! Better get (| from R R,

Better calculation

In cloud core below rain formation level and before significant mixing occurs:

1/3
o aa(z) = 1157, = 115 (M)

37PwNd ad

2

Due to rain formation: \ . sema i
T — min(22um, r LOT S B =TT
“max ot E‘ﬂd) using CAMS/ART !

The mean eff. radius is slightly smaller:
and deviates with height from the core value due to mixing:

r(2) = ()7, (2)
7

/

a(z)=095-1.2-10"%(z-z,,)



In case of rain ...

Yo, .. = min(22um, 7, 44)

Formation of raindrops 1s seen by termination of the 7, growth

with height. In case of rain drop formation, effective radius determined within the range of cloud
droplet radi1 (<25 wm) does not exceed about 22 um and remains height independent (Fig. 10,
E5S00H). Such regime 1s known as ramout (Rosenfeld and Lensky, 1998). The reason of low

dependence of ;- with height in case of raindrop formation 1s that raindrops collect cloud droplets

of all sizes that leads to decrease in droplet concentration, but does not change effective radius of

the cloud droplet mode.



Next improvement

If RH=100%

= ' i Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> scHate

Not from q.!
New parametrization )
with Segal-Khain J
using CAMS or ART

=1 Computed

If RH<100% , SGS stratus

- . . Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> sehorns

Turbulent Turbulent Not from q_!

properties properties New parametrization ?
with Segal-Khain

using CAMS or ART

If RH<100% , SGS cumulus P
Cloud cover + Liquid Water Content + Effective Radius [C——————) e

scheme
Advanced g. from shallow conv. Not from q.! \/

Shallow Conv. scheme Newtiagam’let;:a,t'°“
with Segal-Khain
Scheme ?

using CAMS or ART
Sakradzija et al.,
2016

or
New parametrization




Next improvement

If RH=100%

= ' i Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> scHate

Not from q.!
New parametrization )
with Segal-Khain J
using CAMS or ART

=1 Computed

If RH<100% , SGS stratus

- . . Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> sehorns

Turbulent Turbulent Not from q_!

properties properties New parametrization ?
with Segal-Khain

using CAMS or ART

If RH<100% , SGS cumulus P
Cloud cover + Liquid Water Content + Effective Radius [C——————) e

scheme
Advanced g. from shallow conv. Not from q.! \/

Shallow Conv. scheme Newtia;am’let;:a,t'°“
with Segal-Khain
Scheme ?

using CAMS or ART
Sakradzija et al.,
2016

or
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LWC for shallow convection (SGS)

Ny wa» below the level z5 ,where 1, oq = 12um

In cloud core: = |
u Ng max(2) {Nd_ad[l —v(z — z45)], above the level zy5

Cloud mean: N;(2) = BNg max(2z), B =0.38

LWC(z) = g”ﬂwwd(f)ﬁrg(z) — EFfOWNd (2) (?1.225))

However. since variability of effective radius 1s low, the last equality can be rewritten as:

LWC(z) ~ < TPwlNa (2) (Tl_i)) :



LWC for shallow convection (SGS)

Bel gyl iy S forieatie et edieentb ifiiei Hge the ndaM QR theeiatearfr iy Gerovigep eritinath 2)

11135

EW@(Z)) %gEWMdQMZE% acﬁ(éﬂ) lB to_.%__ 1.2~ 10‘—41((2 i, gbﬂmwm )‘ (*)

In COSMO Shallow-Convection scheme, an ascending parcel with entrainment rate “entr_sc”
approximates an ensemble of shallow Cu in the grid-box.

During the ascend, the parcel saturates and produces LWC,, which is not used further
in the model

The parametrization (*) was obtained for a real ensemble of shallow cumulus with detailed
description of mixing.

Do they agree ?



2000
Height
above

1500 ¢

C|0Ud 1000 |

base
(m)

2000 ¢

Helght15oo :

above

cloud 1000}

base
(m)

500 ¢

500 ¢

Oper. scheme

entr_sc=3e-06

‘Adiabatic ascent

Oper. scheme
entr_sc=0.003

Strong mixing

23/2/2018 06 UTC

2000 ¢
1500 ¢
1000 ¢

500} §°

Oper. scheme Oper. scheme
entr_sc=0.0003 entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC




20001 Adiabatic ascent 2000 2000
Height

1500 ¢ 1500 ¢ 1500 ¢
above
cloud 1000 ! ~ 1000} 1000
base _ _
(m) 500t ".»'-- - 500t A 500t

0 ' 0 0
2
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003

2000 Strong mixing 2000 Strong mixing 2000
Height

1500 ¢ 1500 ¢ 1500 ¢
above —
cloud 1000 ! 1000 ==+ =" 1000]

- | - - .
base Ny Ny = St .
5 i 5 =R L 5
(m) i;{:.j:'f -
0 ot 0
0 1

Oper. scheme

entr_sc=3e-06

23/2/2018 06 UTC

Oper. scheme
entr_sc=0.0003

Oper. scheme

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

entr_sc=0.001
A S q
’:. -_F-_'-*.
i
==
T .
0 1 2




2000 'Ad‘iabaﬁc ascent
Height -4 Co
1500 L '] . " e
above o j
cloud 1000} & o
T e wepwmE -
base (. - .
(m) 500
0 L
0 1 2
Oper. scheme
entr_sc=0.003
2000 S#¥0ONg Mixing
Height
1500
above i
cloud 1000 | e
(m) 500 4 ‘

Oper. scheme

entr_sc=3e-06

23/2/2018 12 UTC

2000 ¢

1500 ¢

Oper. scheme
entr_sc=0.0003

1000 °

500 ¢

Boeing
entr_sc=0.003

- -Strong mixing

2000 ¢
1500 ¢

1000 .

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

500 | T

2000

1500 ¢

1000 ¢

500_ .'_n,_‘ -.. -




Oper. scheme
entr_sc=3e-06

2000 Adiabatic ascent
Height
1500 |
above . -
cloud 1000! ¢ L
base gf f
(m) 500 V
0 . .
0 1 2
Oper. scheme
entr_sc=0.003
2000 Strong mixing
Height
1500 |
above
cloud 1000 |
base =
(m) 500}
0 -

=" 1000

23/2/2018 18 UTC

Oper. scheme
entr_sc=0.0003

2000 |
1500 |
1000 ¢ ..'3; ..' ~‘au"--:-. '
la . & s
] ** S
‘s e
500 § %
5 o
e
o |
0 1
Boeing
entr_sc=0.003
2000 Strong mixing
1500 |

"y
LI |
:

S
o
o :ﬂl!l o I
Y e :' ::’.'i!!!! ‘ .
’ l‘.\.l
t
1

2000 ¢

1500 ¢

1000 ¢

500 ¢

2000 ¢

1500 ¢

1000 ¢

Oper. scheme

entr_sc=0.001

L L)

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC




2000 1Adiabatic ascent 2000
Height
1500 ¢ 1500 ¢
above : .
+ « - L4
cloud 1000 3 === 1000 = — -
b : = I =
ase R —. o - _ .
500 | :':: —_j'. 500 | .-.‘.". j’
(m) y-r E* =
0 : 0 :
0 1 2 1
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003
20001 Strong mixing 2000 Strong mixing
Height
1500 ¢ 1500 ¢
above |
cloud 1000 | == T 1000| = -
base = e
500 | 500 (=
(m) E{- :°.
0

24/2/2018 00 UTC

Oper. scheme
entr_sc=3e-06

Oper. scheme
entr_sc=0.0003

Oper. scheme

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

entr_sc=0.001
2000
1500 ¢
F SRS - -
1000 ;o =—mm.. -
5 el « -
:.:_,_—..." - <
+° el -
500 | Fz== *
I‘-I- *e
o!! - -
0 1 2

Tiedke-Bechtold

2000
g
1500 i .:w
« —
e .
1000 | mkemes L
[~ ¥y v"
f— -
s00| 2= i
- ]

o
o»q’
wl




entr_sc=3e-06 entr_sc=0.0003 entr_sc=0.001
20001 Adiabatic ascent 2000 2000
Height
1500 | 1500 | 1500 |
above _ , _
: AR boazs . e
cloud 1000} 1 I 1ooof 7 R 1000 js e
base H - fo Lt fooghe o
5001 § T 500 | i 500| § k.
(m) !-ﬂi‘ﬂ’r o v
il - 0 - 0 - -
0 1 2 0 1 2 0 1 2
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003 Tiedke-Bechtold
2000 Strong mixing 2000 Strong mixing 2000
Height TiE
1500 ¢ 1500 ¢ 1500 ‘“iE=—.
above e e
-E-\, -
cloud 1000}: 1000} - - 1000 | s L
base | % ¢ - B
500 | 5 . 500t 500 | 2 gvesms
(m) f 5:_0’ . 7 3"“
I E :
0 : : o - ; 0 .
0 1 2 0 1 2 0 2
LWC (g/kg) LWC (g/kg) LWC (g/kg)

24/2/2018 06 UTC

Oper. scheme

Oper. scheme Oper. scheme

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC




2000
Height
above

1500 ¢

C|0Ud 1000 |

base
(m)

2000

Helght1500 A

above

500 ¢

Oper. scheme

entr_sc=3e-06

‘Adiabatic ascent

Oper. scheme
entr_sc=0.003

., Strong mixing

cloud 1000 | 75N

base
(m)

500 |8

24/2/2018 12 UTC

Oper. scheme
entr_sc=0.0003

2000 ¢

1500 ¢

1000 ¢

500 ¢

Boeing
entr_sc=0.003

20001 Strong mixing

{1500 (¥

1000

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC




2000
Height
above

1500 ¢

cloud 1000!

base
(m)

0

2000 ¢

Helght15oo :

above

cloud 1000}

base
(m)

500 ¢

Oper. scheme

entr_sc=3e-06

500 ¢

24/2/2018 18 UTC

Oper. scheme
entr_sc=0.0003

‘Adiabatic ascent 2000 2000
1500 | 1500 |
1000} } oo 1000
4 * .
500 j’ .1'-"."}- 500
, 0...4‘ . 0
2 0 1
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003
Strong mixing 2000; Strong mixing 2000
1500 1500 |
e —— -”
=t 1000 === .5t 1000
AT ..t 23 -
E.E“- .t 500 -*;-' "a® e 500 |
ow'ieA s ot e
L 0 s " ) 0
0 1 2 0 1
LWC (g/kg) LWC (g/kg)

Oper. scheme

COSMO LWC,,

Parametrization
for LWC

_ Adiabatic LWC

entr_sc=0.001
.'t. "?:'.. T : g
] _-;_v-' .. .. o
. ;‘!_‘;;‘P',:-c 7
0 1 2




20001 Adjabatic ascent
Height
1500 |
above i _
cloud 1000 - __-—.
base ’:' 1__"“"
(m) 20977 =&
P.-'.
o .
0 1 2
Oper. scheme
entr_sc=0.003
2000 Strong mixing
Height
1500 |
above
cloud 1000 | ===
base
(m) 500 <

Oper. scheme

entr_sc=3e-06

25/2/2018 00 UTC

Oper. scheme
entr_sc=0.0003

2000
1500 |
r or
1000 ¢ sop
s00| §
:  wr
e
0 -
0 1 2
Boeing
entr_sc=0.003
2000 Strong mixing

2000 ¢

1500 ¢

1000 ¢

500 ¢

2000 ¢

1500 ¢

1000 ¢

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC




2000 rAdiabatic ascent
Height
1500 t
above .
£ ¥
C|0Ud 1000 | : *:_--
base / =
(m) SOOF{E'
0= - -
0 1 2
Oper. scheme
entr_sc=0.003
2000 Strong mixing
Height
1500 t
above
cloud 1000} *
base
(m) 500t
0

Oper. scheme
entr_sc=3e-06

25/2/2018 06 UTC

Oper. scheme
entr_sc=0.0003

2000
1500 |
1000 | ,é PR
s oS
oy ¢
soo| § #F
w
o ¥ -
0 1 2
Boeing
entr_sc=0.003
2000 Strong mixing

1500 ¢

1000 ree=

2000 ¢

1500 ¢

1000 ¢

500 ¢

2000 ¢

1500 ¢

1000 ¢

Oper. scheme

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

entr_sc=0.001
oA Ty
L[] .} . .
. - #. ?’
;.;e.‘ -
Vi
0 1 2

. .ﬂi—' ._
» LA
-,m;w
e e
.
[ il o
SeaaeTe - -




20001 Adjabatic ascent 2000
Height ) _
1500t o 1500 ¢
above F o
cloud 1000+ § o
base G e
A &,
(m) 0 2
0 1 2
Oper. scheme
entr_sc=0.003
2000 Strong mixing 2000
Height
1500 - 1500 |
above X
cloud 1000 |~
base .
(m) 500 3 500t

25/2/2018 12 UTC

Oper. scheme

entr_sc=3e-06

Oper. scheme
entr_sc=0.0003

1000 .

500 | &

Boeing
entr_sc=0.003

Strong mixing

1000 |, 3.

2000 |
% 1500 |

1000 ¢

Oper. scheme
entr_sc=0.001

500 | -3

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC




25/2/2018 18 UTC —

COSMO LWC,,
Oper. scheme Oper. scheme Oper. scheme —
entr_sc=3e-06 entr_sc=0.0003 entr_sc=0.001 Parametrization
2000 1 Adigbatic ascent 2000 2000 for LWC
Height
1500 t 1500 t .—.
above - - Adiabatic LWC
cloud 1000 ! 1000 |
base :
(m) 500 #~ 500}
0 0 :
2
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003
20001 Strong mixing 2000; Strong mixing 2000
Height
1500 ¢ 1500 ¢ 1500 ¢
above
cloud 1000} .. . 1000 |5..) . 1000}
I i -
base joun et i1 &
500 | ST 500 [+ - o - 500 |
(m) F_:"." g P
0B - - of - 0
0 1 2 0 1 2




2000
Height
above

1500 ¢

C|0Ud 1000 |

base

(m) 500

2000 ¢

Helght15oo :

above

cloud 1000! -

base
(m)

500 ¢

Oper. scheme

entr_sc=3e-06

‘Adiabatic ascent

Oper. scheme
entr_sc=0.003

Strong mixing

i
i

26/2/2018 00 UTC

2000 ¢
1500 ¢

1000 ¢

Oper. scheme
entr_sc=0.0003

Boeing
entr_sc=0.003

Strong mixing

2000 ¢

1500 ¢

1000 ¢

500 ¢

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

2000 ¢

1500 ¢

1000 ¢

500 ¢




Oper. scheme

entr_sc=3e-06

2000 Adiabatic ascent
Height
1500 |
above _
cloud 1000} o
base i _ET
(m) 5903 &%
o
0¥ - -
0 1 2
Oper. scheme
entr_sc=0.003
2000 Strong mixing
Height
1500 |
above
cloud 1000| =
base '
(m) 500}

26/2/2018 06 UTC

Oper. scheme
entr_sc=0.0003

2000 ¢

1500 ¢

1000 ¢

500 ¢

Boeing
entr_sc=0.003

2000 Strong mixing
1500 |

1000 [ #

500 ¢

2000 ¢
1500 ¢

: 1000 ¢

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

500 | £

2000

1500 ¢

1000 ¢

500 g




2000
Height
above

1500 ¢

cloud 1000!

base

(m) 500

0

2000 ¢

Helght15oo :

above

cloud 1000}

base
(m)

500 ¢

03/6/2018 06 UTC

Oper. scheme

entr_sc=3e-06

r‘Adiabatic ascent 2000
1500 t
.
e »= 1000t}
" 3 s ol
s o
¥ -
5 = 500 |
- 0
0 1 2

Oper. scheme
entr_sc=0.003

Strong mixing 2000; Strong mixing 2000
1500 | 1500 | ."' -
Sae - 1000/ 1000|  Fviams
—_— e o Jog s~
= 500 & L .tT s00| § BriseT
Fr—— P S R
. o o
0 1 2 0 1 2 1
LWC (g/kg) LWC (g/kg) LWC (g/kg)

Oper. scheme
entr_sc=0.0003

Boeing
entr_sc=0.003

Oper. scheme

entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC




20001 Aciabatic ascent 2000
. '.

Height Y

1500 | 3
above
cloud 1000 |
base ,
(m) 500t

oy "
0
0 1
Oper. scheme
entr_sc=0.003

2000 Strong mixing
Height

1500
above
cloud 1000 |
base
(m) 500}

Oper. scheme

entr_sc=3e-06

03/6/2018 12 UTC

. 1500 ¢

. 1000 ¢

500 ¢

2000

1500 | pgoe
" 1000 [

500 ¢

Oper. scheme
entr_sc=0.0003

.
‘e e

.l‘”

Boeing
entr_sc=0.003

. Strong mixing 2000
1500 |
" 1000}

2000 ¢

1500 ¢

1000 ¢

500 ¢

500 ¢

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

Tiedke-Bechtold

* e
-
-

.o.‘. -

ST te,
ot
]
.
.3
[ ]

- -‘ ., ‘.
R
N . .

]
1
L]
oy iel
et Y

Wy
A




20001 Adiabatic ascent 2000
Height
1500 ¢ 1500 ¢
above : -
. - bl
cloud 1000} s 1000f 2 oL
base £ T A
500 ¢ P 500t .
(m) P il i
o
0 - 0 - -
0 1 2 0 1 2
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003
2000; Strong mixing 2000; Strong mixing
Height
1500 ¢ 1500 ¢
above .
cloud 1000} .t .. ..l 1000
base P P
500 | e i " 500 |
(m) Figr s -
0¥ 0% -
0 2 0 1 2

03/6/2018 18 UTC

Oper. scheme

entr_sc=3e-06

Oper. scheme
entr_sc=0.0003

2000 ¢

1500 ¢

1000 ¢

500 ¢

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

; =%,
v - e .
" “-:. .“‘“
. *
é; =
I -2 o
0 1 2

Tiedke-Bechtold




20001 Adjabatic ascent 2000
Height
1500 | 1500 |
above : : -
cloud 1000l 4 w2 1000 % ——
2 5= A~
base s - -
(m) 500 & 0 o= 500 —
0 : 0 :
0 1 2 0 1
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003
20001 Strong mixing 2000 Strong mixing
Height
1500 | 1500 |
above
cloud 1000 | =2 "+ 1000 |
base T -
: = s .
(m) >00 % i >00 E e
' G
0 : 0 - :
2 0 1

Oper. scheme

entr_sc=3e-06

04/6/2018 00 UTC

Oper. scheme
entr_sc=0.0003

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

Tiedke-Bechtold

- e

L] L
EE
L ]
- e ... -

i

1 2

LWC (g/kg)




2000
Height
above

1500 ¢

C|0Ud 1000 |

base
(m)

0

2000 ¢

Helght15oo :

above

cloud 1000} ¢

base

(m) 500

500 | #

04/6/2018 06 UTC

Oper. scheme

entr_sc=3e-06

Oper. scheme
entr_sc=0.003

Strong mixing 2000
— . 1500 ¢
vt Lo .*% 1000 |
TR T

Er- - - 500 [
: 0
0 1 2
LWC (g/kg)

‘Adiabatic ascent 2000

1500 ¢
#1000 |

500 ¢

Oper. scheme
entr_sc=0.0003

Boeing
entr_sc=0.003

Strong mixing

2000 ¢

1500 ¢

1000 ¢

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

’ q.
" - .m
] it 28
[, T -
& TR -
A e -
£
0 d .
0 1 2




2000

Height
above

1500 ¢

C|0Ud 1000 |

base
(m)

2000 ¢

Helght
above

cloud 1000 ™

base
(m)

Oper. scheme
entr_sc=3e-06

‘Adiabatic ascent

500 gs

500 [+

Oper. scheme
entr_sc=0.003

Strong mixing

04/6/2018 12 UTC

Oper. scheme
entr_sc=0.0003

.Strong mixing

Boeing
entr_sc=0.003

2000
¥ 15001
" 1000}

500 | §

2000 ¢

1500 ¢

1000 ¢

500 ¢

0

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

.a-.pn.'
€ "". : au- ‘:“

s
M A
\' '-‘!

F#-

: .
-u'.

0 1 2

LWC (g/kg)




2000
Height
above

1500 ¢

C|0Ud 1000 |

base
(m)

2000 ¢

Height
1500
above

cloud 1000}

base
(m)

500 ¢

500 ¢

Oper. scheme
entr_sc=3e-06

‘Adiabatic ascent

Oper. scheme
entr_sc=0.003

Strong mixing

04/6/2018 18 UTC

Oper. scheme
entr_sc=0.0003

2000
1500} . .
o Rl
.* .
1000 =2 S -
S’ —— e
¥} e
500 y
0 L '
0 1 2
Boeing
entr_sc=0.003
2000 Strong mixing
1500 . ..
1000 | . %- e
500 -ﬂ-::”.l‘ .. -
iF e
1?3.1- ¢
0¥ -
0 1 2

2000 ¢

1500 ¢

1000 ¢

5007 ;

2000 ¢

1500 ¢

1000 ¢

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

Tiedke-Bechtold

| I'S."’ 2 : K
0 1 >
LWC (g/kg)




2000
Height
above

1500 ¢

C|0Ud 1000 |

base

(m) 500

0

2000 ¢

Helght15oo :

above

cloud 1000}

base

(m) 500

0

Oper. scheme

entr_sc=3e-06

‘Adiabatic ascent 2000

1000

0 1

Oper. scheme
entr_sc=0.003

Strong mixing

LA

I o, f‘.l-:
e
"

0

1
LWC (g/kg)

2

05/6/2018 00 UTC

1500 ¢

Oper. scheme
entr_sc=0.0003

2000 ¢

1500 ¢

1000 ¢

500 pw.%

%

Strong mixing

Boeing
entr_sc=0.003

0

i.a"f‘-
] i

1

LWC (g/kg)

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

2000
1500 ¢
* 1000 { = .
‘:' ‘-.-: .'-.-l -
500t - -
- -
0 n .
0 1 2
Tiedke-Bechtold
2000
1500 ¢
1000 ¢
500 ¢ .° . :
0 ) n .
0 1 2
LWC (g/kg)




05/6/2018 06 UTC r—
COSMO LWC,,
Oper. scheme Oper. scheme Oper. scheme —
entr_sc=3e-06 entr_sc=0.0003 entr_sc=0.001 Parametrization
2000 Adliabatic ascent 2000 2000 for LWC
Height
1500 1500 | 1500 | | f—
above | Adiabatic LWC
cloud 1000 | :' « 1000 | ' 1000 |
base 1 = A
(m) 500% 500 § 500 |
0 R 0 0
0 1 2
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003 Tiedke-Bechtold
2000 Strong mixing 2000 Strong mixing 2000
Height
1500 | 1500 | 1500 |
above
cloud 1000 - 1000 | 1000 |
m.-v. .f' ';_ql" :: s e '
base et T = ..
500 | Sl 500 L e ot 500 | % duce e
(m) - iy 2l
- &{':'. ) IRy
0 - 0 - ol - -
0 1 2 0 1 2 0 1 2

LWC (g/kg) LWC (g/kg) LWC (g/kg)



2000 rAdliabatic ascent 20007 ¢ . 2000y
Height ’ ; B
b SN 500! ' 15001 % AT 1500 |
apove i - 'gg -:gfr;.‘ o
cloud 1000 A e 4L 1000 ok ‘*ﬁ#{.ﬁ;ﬁ,_ 1000
base LR et e
500 [ §f oy e 500 | JErgadt 500 |
;ﬁs:.oo :
0 - 0 - 0
0 1 2 0 1 2
Oper. scheme Boeing

2000 Strong mixing 2000;, ¢ 2000
Height .o .
1500 . . 1500 | 1500 |
above .
cloud 1000 | ‘.-; . TR 1000 LA 1000 |
base S »
st le e :
(m) 50013 500 3484 500
!.\!‘bf_.
0¥ 0 0
0 2

05/6/2018 12 UTC

Oper. scheme

entr_sc=3e-06

entr_sc=0.003

Oper. scheme
entr_sc=0.0003

entr_sc=0.003

Oper. scheme
entr_sc=0.001

COSMO LWC,,

Parametrization
for LWC

Adiabatic LWC

Tiedke-Bechtold

e
R
: c,'.o n,
AR
. #en E "
i T .
-l o * e .
"h ﬂ:.‘ ‘. I'-l.'
&0.01..0.' . . .'o
.l‘- 00." :u e o‘“l
LRI | *....Qa‘-..
tem, VT, ee
FE S R O L
!?"Tiii e
s 0 TN,
N weak W
T
fn-
0 1 2




05/6/2018 18 UTC r—
COSMO LWC,,
Oper. scheme Oper. scheme Oper. scheme —
entr_sc=3e-06 entr_sc=0.0003 entr_sc=0.001 Parametrization

2000 1Adiabatic ascent 2000 2000 for LWC
Height '

1500 t 1500 t 1500 t | f—
above - . Adiabatic LWC
cloud 1000} - « 1000 1000 |
base R . - Do
(m) 500" R 500 ST 500 & L0 L

7 o 7 ra
0'_ ) ) 0'“ ) ) Olhlt ) )
0 1 2 0 1 2 0 1 2
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003 Tiedke-Bechtold

2000 Strong mixing 2000 Strong mixing 2000
Height

1500 | 1500 | 1500 |
above
cloud 1000} 1000 | 1000 |
base
(m) 500 ¢ o 500 -:_ . 500 ¢ -

01:-“ . X 0‘. L . 0‘
0 2 0 1 2 0 1 2




06/6/2018 00 UTC r—
COSMO LWC,,
Oper. scheme Oper. scheme Oper. scheme —
entr_sc=3e-06 entr_sc=0.0003 entr_sc=0.001 Parametrization
20001 Adliabatic ascent 2000 2000 for LWC
Height
1500 t 1500 t 1500 t | f—
above Adiabatic LWC
cloud 1000 | 1000 | 1000 |
base . . : I
(m) 500 | ..: -__: 500 | ._0 “—_'l' 500 | : __—_.__-
Lo o o
r o
0 #* - - (e - - 0 - -
0 1 2 0 1 2 0 1 2
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003 Tiedke-Bechtold
2000 Strong mixing 2000 Strong mixing 2000
Height
1500 | 1500 | 1500 |
above
cloud 1000} 1000 | 1000 |
base
(m) 500 L . 500 -“. 500 | .
oj R - of - 0!
0 2 0 1 2 0 1 2




06/6/2018 06 UTC r—
COSMO LWC,,
Oper. scheme Oper. scheme Oper. scheme —
entr_sc=3e-06 entr_sc=0.0003 entr_sc=0.001 Parametrization
2000 rAdliabatic ascent 20007 2000 for LWC
Height
1500 t 1500 t 1500 t | f—
above Adiabatic LWC
cloud 1000} ] _ 1looo| _ . 1000}
base ; - So= Co—
500 L -. .._‘ 500 F .: _.-‘ 500 [ :. :'?:.o- v
(m) i A o~ é‘,,il" )
0 - - ow - 0 - -
0 1 2 0 1 2 0 1 2
Oper. scheme Boeing
entr_sc=0.003 entr_sc=0.003 Tiedke-Bechtold
2000 Strong mixing 2000 Strong mixing 2000
Height
1500 | 1500 | 1500 |
above
cloud 1000} 1000 | 1000 |
base
(m) 500t .;_-;.-: v v 500 -; r 500t :-_:
i = =
0 - 0l - 0 - -
0 1 2 0 1 2 0 1 2

LWC (g/kg) LWC (g/kg) LWC (g/kg)



Summary

If RH=100%

= ' i Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> scHate

Not from q.!
New parametrization )
with Segal-Khain J
using CAMS or ART

=1 Computed

If RH<100% , SGS stratus

- . . Radiation
Cloud cover + Liquid Water Content + Effective Radius |:> sehorns

Turbulent Turbulent Not from q_!

properties properties New parametrization ?
with Segal-Khain

using CAMS or ART

If RH<100% , SGS cumulus

Radiation
Cloud cover + Liquid Water Content + Effective Radius :> schleme

Advanced g. from shallow conv. Not from q.!

scheme New parametrization
with Segal-Khain

using CAMS or ART

Shallow Conv.
Scheme ?
Sakradzija et al.,

2016 Thank you!

or
New parametrization




