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The ECMWEF Cloud Scheme c

Outline

1. Basic approach

2. Sources and Sinks
I Convective detrainment
i Stratiform cloud formation and evaporation
I Precipitation generation, melting and evaporation
I lce sedimentation numerics
I Ice supersaturation

3. Summary



The ECMWF Cloud Scheme

A Based on Tiedtke (1993)

A Prognostic moisture variables:

WATER VAPOUR

I Water vapour S
. . . \"bQo‘ 6’0“0
I Condensate (Liquid and Ice) V
T Cloud fraction
CLOUD CLOUD
FRACTION Liquid/lce

AfRSingle momento bulx
microphysics
I Grid-box mean specific
humidities

A Diagnostic precipitation

Evaporation

PRECIP
Rain/Snow




The ECMWEF Cloud Scheme
Basic assumptions

3

A Clouds fill the whole model layer in
the vertical (fraction=cover).

A Clouds have the same thermal state
as the environmental air
(homogeneous T).

[ —

c
o o7
A Rain water/snow is diagnosed each  § » ,
timestep (equilibrium assumption) = .. ice
but is subject to evaporation / g
sublimation and melting in the N | L
column. 0 oo s s
A Cloud ice and water are = 'I(':emperature e

distinguished only as a function of
temperature - only one equation for
condensate is necessary.



The ECMWEF Cloud Scheme
Representing sub-grid heterogeneity

3

ECMWEF cloud
parametrization

In the real world

Humidity variations in
cloud-free air but,
No in-cloud variability



The ECMWF Cloud Scheme c
Representing sub-grid heterogeneity
ECMWF cloud
In the real world parametrization
Cloud cover is integral
under supersaturated
N part of PDF A
/C
5 G
© O 1-C
CIS qt qs qt

A mi xed -dalnti d @ rt
water distribution I1s assumed



The ECMWEF Cloud Scheme c
Schematic of sources and sinks

Cloud condensate
Cloud fraction

Some (not all)
of these are
derived from a

pdf approach

1. Convective Detrainment (deep and shallow)

2. (A)diabatic warming/cooling (radiation/dynamics)
3. Subgrid turbulent mixing (cloud top, horiz eddies)
4. Precipitation generation

5. Precipitation evaporation/melting
6. Advection/sedimentation



The ECMWF Cloud Scheme
Sources and sinks

3

Cloud liquid
water/ice q,

oq, _

ot A(q|)+ch(q|)+SBL(q|)+C_e_Gp(q|)

0

C
Cloud fraction C 5—t = AC)+ S, (C)+S;, (C)tc—e—-G,(C)

Q2 Q0nn >

=]

@ O
. <

Transport of Cloud (Advection + Sedimentation)
Detrainment from Convection

Source/Sink Boundary Layer Processes
Source due to Condensation

Sink due to Evaporation

Precipitation Sink







Convective source term
Linking clouds and convection

0

Basic idea:

Use detrained condensate as a
source for cloud water/ice

Examples:

Ose (1993), Tiedtke (1993), Del Genio et
al. (1996), Fowler et al. (1996)

Source terms for cloud condensate
and fraction can be derived using
the mass-flux approach to
convection parametrization.

10



Convective source term c
Source of water/ice condensate

Detrainment of mass from Updraught mass flux
cumulus updraughts \
—x - =
ch: Sy —I—M” l
I (M Guk-12 l('MuCh)k-l/?z P p 0z
|- Standard equation for mass
‘ Duqlu> K flux convection scheme
ECHAM, ECMWF and many
I __________ L_ o K1/ others...
(M Q)12 M)z

11



Convective source term
Source of cloud fraction

3

Similar equation for the cloud fraction

D, M, acC
S., (C) = +
p P 0z
(MuC)k-1/2
|_ ........... — k_1/2
[ b, > k
\_ ..... l ______ — k+1/2
(MuC)k+1/2

12



5%'= A(q.)+scv(q.)+sBL(q.>Gp(q.)

Condensation and Evaporation




Stratiform cloud formation
Changes in water vapour, q

3

Local criterion for cloud formation: q > g.(T,p)

Two ways to achieve this in an unsaturated parcel:
1. Increase q
2. Decrease Q.

Processes that can increase g in a gridbox

Convection Cloud formation dealt with separately
Turbulent Mixing Cloud formation dealt with separately

Advection

14



Stratiform cloud formation
Numerical advection

3

Advection does not mix air !'! It merely moves it around conserving
its properties, including clouds.

but é e ¢hereare numerical problems in models of
A

q
| t u o t+At 7
T,=05€+T :ql -// >

-05€ +q, _
It q, € +q,_

Because of the non-linearity of q.(T), 9, > q4(T,) so cloud forms
This is a numerical problem and should not be used as cloud producing process!

Would be preferable to advect moist conserved quantities instead of T and
15



Stratiform cloud formation l al
. | | 9O~
Changes In saturation, g,

Postulate:

The main (but not only) cloud production mechanisms for
stratiform clouds are due to changes in g.. Hence we will link
stratiform cloud formation to dg./dt (i.e. changes in p, T).

dqsz(dqu {dqu :[dqs]dhdqs(fﬂ}
dt dt adiab dt diab dp / dt dT \ dt diab

[
®

16



Stratiform cloud formation: c

i=A(q)+SBL(q )@e G.(q,) —D(q,)

The cloud generation term is split into two components:
c=c, tc,

/

Existingclouds 1 N e clauds

and assumes a -thekeddoodwuoti &4 lor ma
A

G(ay)

17



Stratiform cloud formation:
Increase of existing clouds, c,

3

A

C

\

G(ay)

R

T EC] (t) -

Already existing clouds are assumed to be at saturation at the
grid-mean temperature. Any change in ¢, will directly lead to
condensation.

d d
o da,  da,

dt dt

Note that this term would apply to a variety of PDFs for the
cloudy air (e.g. uniform distribution) 18

<0

1




Stratiform cloud formation: c

Formation of new clouds, c,

Due to lack of knowledge concerning the variance of water
vapour in the clear sky regions we have to resort to the use
of a critical relative humidity, RH_;

& < RH crit & - RH crit

qs qS
a, d,

G(qy)
G(q,)

> on

q,(< Q.) q,
= 0.8 Is used throughout most of the troposphere

RH

crit

19



Stratiform cloud formation: £
Formation of new clouds, C,

For the case of RH>RH,_;

-~ A
2(q, — 9,) AC=-€-C
< > 2(9s ~ )
y Yeom G =Cd, * (1~ C)q
G A
O Ac=-€-c?2 i
2(qs—q,)
- 1
similarly Aql = — —ACAqS

2

20



Stratiform cloud formation:
Formation of new clouds, C,

3

For the case of RH<RH,_;

A n

G(qy)

Term Inactive If
o} RH<RH

crit

Perhaps for large cooling this is inaccurate?

As stated in the statistical scheme lecture:

1. With prognostic cloud water and here cover we can write source and
sinks consistently with an underlying distribution function

2. Butin overcast or clear sky conditions we have a loss of information.
Hence the use of Rh, in clear sky conditions for cloud formation

21



. 20~
Evaporation of clouds e

No effect on cloud cover

dqg, dq,
Processes:e=e,*e, a=C— 5 0
ALarge-scale descent and t I C
cumulus-induced subsidence \

G(qy)

ADiabatic heating

G

) g+ -

A-

ATurbulent mixing ( &,) s

D Diffusion process proportional to the saturation deficit of the environmental air
o
&
S
&)

e2 — CK (qs o qv)
£ where K = 5.106 s

22



Problem: Reversible Scheme?

 as
A 4

G(qy)

G(qy)

Cooling: Increases
cloud cover

Subsequent warming of
same magnitude: No
effect on cloud cover

Process not reversible

23



7N, o, "eleie MmO e W e e, T o s

iy .-_ aq ) - ) ) - - -; :-l.__:.- d !.:El . ..._ : :
[ 8—'; = A(q| ) + SCV (Q| ) + SBL (q| ) +C— e;_ _:!.__=. =

Precipitation Generation
+ I\/Ieltlng and Evaporatlon |




Precipitation generation “20-
Mixed phase and water clouds

Representing autoconversion and accretion in the warm phase,
aggregation and the Bergeron process in the mixed phase. (T > -23°C)

Sundqvist (1978, 1989)

(o]}

G, = c,F,F,q, Ll— g o J

F =1+ Clx/E Accretion/aggregation G
P

F,=1+c,v268—T  Bergeron Process

q Icrit ql

c,=10%st ¢,=0.5
¢,=100  q,=0.3 g kgt

P = precipitation rate

T = temperature (K) or



Precipitation generation
Ice clouds

3

Representing aggregation in the ice phase (T <-23°C).

G, =c,q|l1l—e

qlcrit ql

— 3 A0.025[ - 273.15) <1 Rate decreases as the
CO 10°¢° S temperature decreases.

qicrit:?"l05 kg kgl

26



Precipitation melting -

AThe part of the grid box that contains precipitation is
assumed to cool to T, over a timescale tau

AOccurs whenever wet bulb temperature T,, >0 C

Als limited such that cooling does not lead to T<0 C

27



Precipitation evaporation

3

Evaporation (Kessler 1969, Monogram)

E

P

=C

P,clr

5.44-10 *€_-q, |

%
> i] i 1 I:)clr
p,) 59:10°C

P,clr

0.577

28



Precipitation Evaporation

 as
A 4

MI mi ¢cs r adil

at

On

scdleummars0 ba/p p

recording both cloud and clear precipitation fluxes

This allows a more accurate assessment of precipitation
evaporation

ENE Pg Peg
P 1d Pc]r F 1
ﬂaP,c]r—:vc]d
Pog =777 P P
/— 8pcld
- }
AdPcldc]
Pc]l: clc
| ‘ /- aP, 1

Jakob and Klein (QJRMS, 2000)

NUMERICS: Solved implicitly to

avoid numerical problems
t+At

t -
qv o qv — o q;+At . qvt+At )
At
oo antfiog)
qv o qv - |_

4]
1+ aAt| 1+ Lv[dqu
c,\dT

29



Precipitation Evaporation had

ANumerical @ALimiterso have
scale saturation

6494 oy
‘ Clear sky region _‘ ‘ Clear sky region _‘

R | By L p0f0
[ ] |

" aps
Grid can not ‘ -
saturate

Grid slowly
saturates

L p0f0
7

30
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aq
8—'; @ SCV (q|)+SBL(q|)+C_e_GP(q|)

lce Particle Sedimentation
And Numerlcal Issues




lce Sedimentation (before 30r2 in 2006)
Numerical problems

3

lllustration of sedimentation numerical issues with ice
sedimentation from old IFS Cycle 25r3 to Cycle 30r1

Pure ice clouds (T<250 K)

Two size classes of ice, boundary at 100 em Explicitly calculate ice settling flux:
r we PV, IWC
IWC_,,, = min| IWC_,a —— ||
McFarquhar and Heymsfield (1997) For IWC.,q,
v.=3.29- wc _, °*°
IWC.,,=WC,_ ~IWC_,, Heymsfield and Donner (1990)

Ice falling in cloud below is source for ice in that layer, ice falling into clear sky is
converted into snow

32



ce Sedimentation (before 30r2 in 2006)
Numerical problems

{

Problem: we neglect vertical subgrid-scales

Tt

R e te
A L L O AR A L

"

Real advection
Perfect advection

Lo R ety LRy --.'-.-'.'-'-'.:_-'.--'.--'. LRy uhn -.-'.--.-". -'.fi )

L -f-.--.--.--g_-_-..:_-._-.: -.--.--.-- e -.--.--.--f-.--.--.--f- Sren

manis ity
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