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A bulk mass flux scheme: W ECMWF

What needs to be considered

Link to cloud parameterizatio

"

Type of convection shallow/deep

Entrainment/Detrainment

Cloud base mass fluxClosure
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Generation and fallout of precipitation
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| S ECMWF
Basic Features

A Bulk massflux scheme
A Entraining/detraining plume cloud model

A 3 types of convection: deep, shallow andheige! - mutually
exclusive

A saturated downdraughts
A simple microphysics scheme

A closure dependent on type of convection
I deep: CAPE adjustment
I shallow: PBL equilibrium

A strong link to cloud parameterizatiogonvection provides sourc
for cloud condensate



Large-scale budget equations: S ECMWF
M=y w; ,>0;M<0

Heat (dry static energy):

Prec. evaporatior]] Freezing of condensate i
in downdraughts updraughts

} \

Os 0 -
a_t = g% I/IuSu tTMs, (M, T M, )s_F L(c, — €& ~€uqe) L (M —F)
Cu \ J
' t AN
Prec. evaporation
below cloud base

Melting of

condensation precipitation

in updraughts

Massflux transport in
up- and downdraughts

Humidity:
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| S ECMWF
Large-scale budget equations

Momentum:
(ou ) 3 0 l/| -
\a_t/ _g% uuu+Mdud_(Mu+Md)u-
/av\cu o i}
\a_t) 29% l/luVu+|\/|dVd_(|\/|u+|\/|d)\7_
Cloud condensate: (al ] .
AL - u u
at Ccu

Cloud fraction: [ aa ]

(supposing fraction-h
of environment is cloud
free) cu °



| S ECMWF
Large-scale budget equations

Nota: These tendency equations have been written in flux form which
by definition is conservative. It can be solved either explicitly (just
apply vertical discretisation) or implicitly (see later).

Other forms of this equation can be obtained by explicitly using the
derivatives (given on Page 10), so that entrainment/detrainment terms
appear. The following form is particular suitable if one wants to solve
the mass flux equations with a Semi -Lagrangian scheme,;

note that this equation is valid for all variables T, g, u, v, and that all
source terms (apart from melting of precipitation term) have cancelled
out

oy oy _ _
[a_j +g(Mu+Md)_: Du(wu_w)+Dd(wd _w)
t /e P
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Occurrence of convection: WECMWF
make a firstguess parcel ascent

o % wd) TesI for shallow CaneCtlon add T and g perturbation based on
) S turb ence eory to surface parcel. Do ascent widguation and
_fSt nge _rammenf check for LCL, continue ascent until w<O0. If
Z (LCLYS0 and#P(CTL)P(LCL)<200 hPa : shallow convection

L LS S 2) Now test for deep convection with similar procedure. S
close to surface form a 30hPa mixager, lift to LCL, do
oo S\ ETL\.  “cloud’ ascent with small entrainment+water fallout. Deep
0 % X\ convection whe’n PLCLP ( CTL) >200 hPa.

S S 0 N\ \ subsequent. mlxebl ‘ayer, |ift to LCL
RN WA N chPa’
NV I n"é:ither“"éhallow nor deep convection is found
L G VARAE  third type of convectioin i mi d | ieisvaetivated,
S NN originating from any model level above 500 m if
a2 S NG Iargescale ascent and RH>80%.
: xﬁf, . . -j A e L ,f A o
& _.Ifj / ) . 7




! aa
Cloud model equations’ updraughts s ECMWF

E and D are positive by definition

Mass (Continuity)

oM
- g u — Eu _ Du
p s
Heat Humidity
OM s, _ oM q, _ _
- g 5 = E,s—Dgs, t+ Lc, - g——=Eq—-D,q, —¢c,
p p
Liquid Water/Ice
oM | -
N g — = EuI N Dulu + Cu N GP u
5p ’
Momentum
oM u _ OM v _
-—g——=E,u - D, -—g———=EVv—Dpy,
p p

Kinetic Energy (vertical velocityl) use height coordinates

oK E 1 T,,~T, W2
== “(]_—I—ﬂCd)ZKu-F g——= , K, == |
0z M, fa+y)~ T, 2



S ECMWF
Downdraughts

1. Find level of free sinking (LFS)

highest model level for which an equal saturated mixture of
cloud and environmental air becomes negatively buoyant

2.Closure N\ = —aM

d LEFS

@ =0.3

u, b

3. Entrainment/Detrainment

turbulent and organized part similar to updraughts (but simpler)



s ECMWF
Cloud model equationd downdraugh?é"

E and D are defined positive

ga“'=Ed—DOI Mass
P
oM s _
g ad < =E,s— Dgs, *+ Le,
P
Heat
\Y/ e _
g ad ~ = E,0 ~ D0, * &
P
Humidity
I\/Idud — -3 A
g 3 E,u — D,u,
P
>
OM v, B Momentum
g 3 = E,v = D,y
P J
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| . S ECMWF
Entrainment/Detrainment (1)

0
_g g/lu - Eu_ Du - MU 8_5 - MU gturb+8org_5turb_5org
p P p
U and U ar e g e nginee(Simpson goir1ydefined éntrainmen

in plume with radius R at¥0.2/R ; for convective clouds R is of order E0D0 m for
deep and R=5A00 m for shallow

g:CO Fg+Cqu__q Fg, turb:CZ
turb qS
%/__J
org,buoy>0
o (g Y
C,;C;C,=010*-10°m'); E =L_ : J
qsbase
Constants Scaling function to mimick a

cloud ensemble

NB: This is a simple 1-RH or saturation deficit formulation for the organlsed
entrainment, but any other formulation using buoyancy or @, © _also works



| . S ECMWF
Entrainment/Detrainment (2)

Organized detrainment:

Only when negative buoyancy (K decreases with height), compute mass flux at tpwzel 2
with following relation:

M€ | K, €

M (z+Az) Ku§+Az:
2
. W
with = __Uu

KU

2

OK E 1

and o =~ P01+ pe )2k, + B,

M, f(L+7)
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S ECMWF
Precipitation

Liquid+solid precipitation fluxes

P (p) = [(G™" — e — e+ Melt )dp/ g

Ptop

P
P(p) = [(G™ — el — el — Melt)dp/ g
Ptop
WherePran andPsnoWare the fluxes of precip in form of rain and snow at pressure pe@H"
andGS"®Vare the conversion rates from cloud water into rain and cloud ice into snow. The

evaporation of precip in the downdrauggts,,, and below cloud basg, .4 has been split
further into water and ice componerielt denotes melting of snow.

Generation of precipitation in updraughts

,OG , = M, I|L—e°”‘J|

Simple representation of Bergeron process includegand | ;; 13



o S ECMWF
Precipitation

Fallout of precipitation from updraughts

_ Vprec
'OSfaIIout - M u A IFu
w Az
— 0.2 — 0.2
Vprec,rain o 5'32ru Vprec,ice o 2'66ru

Evaporation of precipitation
1. Precipitation evaporates to keep downdraughts saturated
2. Precipitation evaporates below cloud base

[«/ p/ Psurt E\“?»

. assume a cloud fractiom= 0.
a2 (o)

esubcld

=oa, RH g~ _q
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| S ECMWF
Closure - Deep convection

Convection counteracts destabilization of the atmosphere bydaale processes and
radiation- Stability measure used: CAPE

assume that convection reduces CAPE to O over a given timescale, i.e.,

(5CAPE j _0-CAPE _ CAPE
Ot

AOriginally proposed by Fritsch and Chappel, 1980, JAS

Almplemented at ECMWF in December 1997 by Gregory (Gregory et al., 2000, QJIRM
using a constant timgcale that varies only as function of model resolution (720s T799, ]
T159)

T T
cu

AThe timescale is a very important quantity and has been changed in Nov. 2007 to be

equivalent to the convective turnover tiseale which is defined by the
cloud thickness divided by the cloud average vertical velocity, and further scaled by a
factor depending linearly on horizontal model resolution (it is typically of order 1.3 for
T799 and 2.6 for T159)

The quantity required by the parameterization is the cloud base Hflassidow
can we get this?



| S ECMWF
Closure - Deep convection

O°-0
CAPE= | g——*dz
cloud \Y
— 00° _ 00
® v_@®° v
[8CAPE] j v ot ot
-0 ~ dz
at cu ®V
cloud
Assume:
00 ° _ o°
=0, ie., steady state cloud, and —=-~1
8t ()v
5CAPEj 1(006,
= _g P dZ
at Cu ®V at Cu

cloud
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| S ECMWF
Closure - Deep convection

) M _ 00O o .
—v | r_—_c__V l.e., ignore detrainment
at cu P az
— OCAPE j _ M_ 00, 4, — _ CAPE
SR v
cloud
I\/ICZI\/IU_‘_I\/Id:I\/Iu,bnu_l_l\/ld,tnd Md,t:_aMU
CAPE CAPE
— > M b = 4 — = — 4 —
u, 1 00 M" 1 0@
g J. nu —Of?]d o ~dz .[ n~1 Q) - dz
cloud 'O®V az cloud Ivlu,b 'O®v az

whereM™! are the mass fluxes from a previous first guess updraft/downdraft computation
17



| S ECMWF
Closure - Shallow convection

Based on PBL equilibrium : what goes in must go out - including
downdraughts

cbase

coase 0 W h' (on)  (on)  (oh) 1
j _ > Conukaj +L5_J +L5_J pdz=0
0 i z t turb t dyn t rad_
pwh =M, h-eh-@-8)h__; &= M/ M, and
r1 —Cﬁnv,o = ()

osd (on)  (oh)  (h)
Nl &) &), pe
h,—€h,—(1- e)ﬁ

18
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| | S ECMWF
Closure - Midlevel convection

Roots of clouds originate outside PBL

assume midlevel convection exists if there Is laggale ascent,
RH>80% and there is a convectively unstable layer

Closure: _
M ub pr

19



. | o s ECMWEF
Vertical Discretisation hand

Fluxes on half -levels, state variable and tendencies on full levels

T e B
Dulu < > Dulu
K
E | - « E |
i ........... - l ‘ _________ l— = k+1/2
(M s12 Gp,, (Ml Dis12 (M) s12

20



s ECMWF

Numerics: solving Tendency = advection equation
explicit solution

8177 a u u — a
— oM@ -?]es ity = segP
ot p p
conv
Use vertical discretisation with fluxes on half levels Ap =P N - P B
(k+1/2), and tendencies on full levels 4, so that k+1/2 k=112
oW, :g[Mu u MY MY ]+S
P A_ wi1r2” ki1s2 12 k172 1/ k+1/2  1/2¥k-1/2 k
t conv p
In order to obtain a better and more stable oupstr eamod_ —
solution ( 0 ¢ 0 mp e nssuakt si indge nse shifted half - Yo = Y

I%vgl values to obtain:
Yy

_ 9 u u u u VA oy
5—’[ } A_[M 1 k2 My d e M gy T M 1/2Yk-1J TS

conv 21




S ECMWF

Numerics: implicit advection

o 0
o), GaptM s - -~

L conv p If Y - -[S,_ %T Pr
Use temporal dlscretlsatlon W|th ¥ on RHS
taken at future time 778 "and not at current time Ap . Pk+1/2 B I:)k -1/2
Wn

For oupstreamo discretisatqu(-p/z:a\é(-lbefore
At

—n ,— u u _ u u _ u u n

W 8l whe Swne DR D

(LM T - B, —9‘[ WL LW LEA TS

Ap
—»only bi-diagonal linear system
and tendency is obtained as 22




s ECMWF
Numerics: Semi Lagrangien advection

dyv oy
v _ 0w |>(w
dt ot 6p

Advection velocity

23




Tracer transport experiments s ECMWF
(1) Singlecolumn simulations: Stability

Surface precipitation; continental convection during ARM

ARM Z7F-30 June 18987 c ective preci p [=)]

g

Precip comv (mmiday)
& B

=

N M /\/\\J\M

time [hj

L]
o ¥

100

ARM 2Z7-30 June 1897 total precip
L]

g

Pracip tot [ mmiday)
& B

=

0
Q
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Tracer transport experiments WECMWF
(1) Stability in implicit and explicit advection

Explicit - CFL=0.8 (a) Implicit - CFL=0.8 ic)
L L]
200 200k ’ )
™ 400 W 400
o
= T
T 600 o 600

B00 =Tl o
i i i i L i
i} 10 /0 a0 40 50 [ n) 70 f=%) an Q 10 20 30 40 i 50 a0 7O 80 18]
Explicit - CFL=2 time {h) (b} Implicit — CFL=2 time (h)

smk 200 F
— ™ 400
T 400 £
L 600
= o
g 600

L 'l
] 10 20 30 40 50 &0 70 a0 a0
Implicit - GFL=10 time (h) (&)
L) L) L) L) L

40 50
time (h)

200
% 400
o 600
800
- L LR ] 10 20 30 40 &0 [+ TO &0 [=[n]
instabilities time (0}

Almplicit solution is stable.

Alf mass fluxes increases, mass flux scheme behaves like a diffusion scheme: well

mixed tracer in short time ’8



Tracer transport experiments s ECMWF
(2) Singlecolumn against CRM

Surface precipitation; tropical oceanic convection during TAGRARE

TOGA 20-26 Dec 1992 convective precip
m n n L

= |F5
- CRM

Pracip comv (mmiday)
& 8

=

=}

L L L i i
20 40 &0 B0 100 120 140
time (h)
TOGA 20-26 Dec 1992 total precip
L] L]

L=}

8

—_— |FS
== R

Pracip tot | mmiday)
& 8

=]

L ]

20 40 &0 &0 100 120 140

L=}
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Tracer transport experiments S ECMWF
(2) IFS Single-column and global model against CRM

Boundarylayer Tracer

CRM-3D IFS-GCM no Advect

L | I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

IFS-SCM

ABoundarylayer tracer is quickly
transported up to tropopause

AForced SCM and CRM simulations
compare reasonably well

Aln GCM tropopause higher, normal, a:
forcing in other runs had errors in uppel
troposphere 30
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Tracer transport experiments S ECMWF
(2) IFS Single-column and global model against CRM

Mid-tropospheric Tracer

Al\/lid-tropospheric tracer is transported
upward by convective draughts, but als
slowly subsides due to cumulus induce
environmental subsidence

AFS SCM (convection parameterizatio
diffuses tracer somewhat more than CF

31



