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Topics

Part | : Cloud evolution.
Part |l : Closure.

Part |ll : Preliminary Results.
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The Alaro-0 vision of draft-evolution

Instant-growth up to equilibrium level
.‘ Gradual increase of w,, and o,
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- ﬂj Box story - handle with care

Resolved is blind — SG acts locally after looking globally.

z

Ou(wy — @) + (1 —oy)(we —w) =0
subgrid relative velocity : w) = w, —w

”””
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- ﬂj Box story - handle with care

Resolved is blind — SG acts locally after looking globally.

z

Virtual Unresolved Cloud :

! | — condenses with o, (w, — W)
" wW- W i — Transports with o (w, — we)
***** | w — Entrains with o, (w, — we)
o — Rises with w,
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- ﬂj Box story - handle with care

Resolved is blind — SG acts locally after looking globally.

z

Virtual Unresolved Cloud :

. — condenses with o, (w, — W)
W W | — Transports with o, (w, — we)
| W — Entrains with o, (w, — we)

— Rises with wy,

”””

Newton law formulation dt dt
no more 'apparent mass coefficient’ Zd[auw,ﬂ

Y

RMI

L. Gerard, February 2010



Box story - The voice of the elders

L. Gerard, February 2010



Box story - The voice of the elders

<y

L. Gerard, February 2010



Box story - The voice of the elders

Bjerknes (1938), Asai and Kasahara (1967)

0Ty _ g Oh

~ —w, L2 <
ot wucp O =0
v oT, g Os
N —We—F77 Z O
ot cp 0P
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Box story - The voice of the elders

Bjerknes (1938), Asai and Kasahara (1967)
ot cp 0
Y v 0T, g Os
N —We—F77 Z 0

X ot cp 0P
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BBR in practice
Extrapolating local gradients upwards and downwards is inadequate.
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BBR in practice

Extrapolating local gradients upwards and downwards is inadequate.
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Buoyancy, Drag and entrainment

Buoyancy expresses forces between updraught and environment

prvu_T—U
F,=—F, — F, = —0,0° el 1 — boy,
b UQRa T.T.. ( U)

.
dt
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Buoyancy, Drag and entrainment

Buoyancy expresses forces between updraught and environment

dw_

m—-=Fy = —F, - Fi, = —0ug M~ (1 — boy,)

AM, E,Ap
M, = oy(wy — we) = oy, Tu wy,
1 - O-u
d
md—rL; = (Wy — We) ANM,,
RCLT'U'LL ,C u <>2
drag = o, (A + 2y S _
p g (1 o Ju)
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Total derivative includes advection

d [auwf;] 0 [auwg] 0 [Uuw,fj]

, 8p8[auwu} ;8}95[0,&@}

_|_
phys ot

+V.-V, [auwZ] + N

dt ot dyn on Op ; ?7877 Op
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Total derivative includes advection

d|ows]  O]oywd]

0 [auwo]

u

. (9]? 0 [O-uwu}

dt ot

_|_
phys ot

o
dyn +V-V, [Ouwu] + T an  Op

combined with resolved advection of w; and o,

d|low?]  O|oww?)]

dt ot

.Op0 [auw}

N ?7077 Op
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Total derivative includes advection

. Op0|oywy]

d|ows]  O]oywd]

N d|oyw?]

VV U M U
ohys | Ot TV Vylow] +ing =5

dyn

dt ot

combined with resolved advection of w; and o,

d|low?]  O|oww?)]

dt ot phys b ﬁp

Resolved advection of o, and w; is necessary

— to get the cloud moving with the wind
— to eliminate the horizontal advective term from the subgrid tendency.

— Vertical shear mixes different columns.
— S.L. advection means interpolating origin points.
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Complete motion equation

ICdu w°2

1 u
ot phys - _59 RaTvu v 5 p 9 )(1 R O-U)Z

ow®  Ow Olno Jdlno
0 U o — U U
wu( + — + (w;, + ) o + 5 )
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Complete motion equation

ICdu w°2

1 u
ot phys 2 RaTvu v 5 p 9 )(1 R JU)Z

ow®  Ow Olno Jdlno
0 U o — U U
wu( + — + (w;, + ) o + 5 )

Auto-advection terms are critical at rising top.
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Complete motion equation

B 1 Kdu) wjf
ot phys - 29 RaTvu v 2 p g (1 o O-U)Z

ow®  Ow Olno Jdlno
0 U o — U U
wu( + — + (w;, + ) o + 5 )

Auto-advection terms are critical at rising top.

For this we need first to gather some more tools.
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Membership /classification - how an ascent is built

——

(T ,Gw') elevated to next level above : (T'71, ¢! 1)

L. Gerard, February 2010



Membership /classification - how an ascent is built

——

(T ,Gw') elevated to next level above : (T'71, ¢! 1)

— Ascent segment :

Tt > 11 — §' -1 = 1 else back to blue point §'.} =0

asC ascC

L. Gerard, February 2010



Membership /classification - how an ascent is built

——

(T ,Gw') elevated to next level above : (T'71, ¢! 1)

— Ascent segment :

Tt > 11 — §' -1 = 1 else back to blue point §'.} =0

asC ascC

— Buoyancy T!,, > T, or steady-state w, < 0 = . =1 else 0

L. Gerard, February 2010



Membership /classification - how an ascent is built

——

(T ,Gw') elevated to next level above : (T'71, ¢! 1)

— Ascent segment :

Tt > 11 — §' -1 = 1 else back to blue point §'.} =0

asC ascC

— Buoyancy T!,, > T, or steady-state w, < 0 = . =1 else 0

— Scaling level : both buoyancy and moisture convergence : 4., = 1 else 0.

L. Gerard, February 2010



Membership /classification - how an ascent is built

—1
(T ,Gw') elevated to next level above : (T'71, ¢! 1)

u

— Ascent segment :

Tt > 11 — §' -1 = 1 else back to blue point §'.} =0

asC ascC

— Buoyancy T!,, > T, or steady-state w, < 0 = . =1 else 0

— Scaling level : both buoyancy and moisture convergence : 4., = 1 else 0.

— Base level :
- 5£)as — 52280(1 o 5é_s|—cl)
- 5%)&8 — 5%)11(]‘ o 5%)_51)

better for sub-base above a local CIN barrier.

Y

RMI L. Gerard, February 2010




Top evolution : activity index

L. Gerard, February 2010



Top evolution : activity index

At t

L. Gerard, February 2010



Top evolution : activity index

/’/ dact = 1 at levels reached by the
Z ascent originating at the base
// Jqco retrieved from profile
of w oro,
// Sact=‘I v Y
/ Oacg =1
At L
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Top evolution : activity index

/ Buoyancy accelerates the fluid

)z during At

et
L

At t
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Top evolution : activity index

Jac9, Oact record the discrete evo-
/’/ lution of cloud vertical extension
/ ¢ diagnosed for estimating
// E At time-averaged and final states
/IOCrAp
_— a,- records fractional path above
To, Ap upper last active level
At t
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Top evolution : activity index

Jac9, Oact record the discrete evo-
/’/ lution of cloud vertical extension
/ ¢ diagnosed for estimating
// E At time-averaged and final states
/IO‘rAp
_— a,- records fractional path above
To, Ap upper last active level
At t

— «. is necessary for initiating an updraught with |w,| small;

— is necessary to compute & ;

— is associated to a single cloud top :
top level detected in advected variables (w,,0,), and can move its
position following resolved advection.

— o, cannot be interpolated between different columns.

RMI L. Gerard, February 2010



et

v
o Ap

/

o Ap

|dea :

At

use a single a,. for the column,
memorized in a local pseudo-historical variable :

— not advected, no interpolation;

Top evolution : activity index

Jac9, Oact record the discrete evo-
lution of cloud vertical extension

¢ diagnosed for estimating
time-averaged and final states

o, records fractional path above
upper last active level

— corresponding to the ‘main’ updraught segment.

Y
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Complete motion equation (bis)

ow? 1 op(To

phys B 29 R Tvu

1R, T, C o, 02
l (A + —2)__=

)i oo 2
T(l PI T, g)(l—au)2

ot

ow®  OJw Olno Olno
5l ol U o U u
oW <(9p + I + (wy, + ) o + 5 )

o 0w Olno, o tw
- (1 - 5éc9) {fl (8—p - glta ) + (&7 - fl)(c;lﬂ i)pz }
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Complete motion equation (bis)

ow? 1 op(Tyy — Ty) llR T,. Kau wo?
u S L —2(1 —bo,) + Ay + =
Ot lphys 2 TR TouT ( 7u)+ &y p ( g )(1 — 0u)?
owS  OJw Olno Olno
o 5l ol u o u u
acOWy, ( ap + 8]? + (w + (.U) ap + ot )
OJw Olno (WS 4+ )
. Y S N dad U +1 ¢l (%
(1 = daco)wy {5 (8p T )+ (€ &) PRSI }

At newly active levels 0 < ¢! < 1, 6! .y = 0, and

(€l+1 B fl) _ (pl+1 — pl) ol Lol
[+1
BIRIRVAN
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Steady-state motion equation

ow? wo?
ul = 0=—F(1-boy)+K—2% 0
ot phys ( d ) + (1 — O'u)2 wUB

B

— Without auto-advection : 8 ~ 0 — wﬁ,” = —(1—-0y)v1—baoy,

— If we have a guess for 3 = (aw’“ + wualn(’“ + mnt"“) ~ 85‘;“ :
2 F
wll™ — E(l —bo,)(1 —0,)* — %wﬁ”(l —0,)* =0

A ou>\/ (27) (L= 0,02 + (1~ b
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Base and secondary ascents vs triggering

v o
In principle ascents could start
<~ from various level at the same
L
e
///

At t
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Base and secondary ascents vs triggering

In principle ascents could start
from various level at the same

/ But
yd — they should be catched up by

y the ascent originating from the
base :

1 — actual updraught triggering

rather starts from the Bound-
ary layer.
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Base and secondary ascents vs triggering

In principle ascents could start
from various level at the same

/ But
yd — they should be catched up by

y the ascent originating from the
base :

| — — actual updraught triggering

=

rather starts from the Bound-
ary layer.

At t

If this covers some reality ( 7)
its treatment appears feasible only in still atmosphere
(no sheared advection / no mixing).
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Closure : a steady-state diagnostic

Current closure relations express an equilibrium.
Larger-scale ‘forcing’ — subgrid scheme response
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Closure : a steady-state diagnostic

Current closure relations express an equilibrium.
Larger-scale ‘forcing’ — subgrid scheme response

Diagnostic closure
scaling of M,, in steady state
latent heat release by condensation
vertical re-organization :
transport, condensation, precipitation, detrainment
‘somewhere in the grid-column’

¢, convergence —
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Closure : a steady-state diagnostic

Current closure relations express an equilibrium.
Larger-scale ‘forcing’ — subgrid scheme response

Prognostic closure
scaling of M,, in steady state
way to this :
latent heat storage by increasing o (hy — he)
+ latent heat release by condensation
entrainment and condensation
‘somewhere in the grid-column’
=+ level the vapour entered the column

¢, convergence —
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Closure : a steady-state diagnostic

Current closure relations express an equilibrium.
Larger-scale ‘forcing’ — subgrid scheme response

High resolution
 excess of Qv > Qsat
* resolved scheme — < decrease of ggat (W T, T \\)

\
¢, convergence —

condensation

* Subgrid scheme — _ _
storage In o, extension

short At, small Ax
— tendency of ¢,, ¢; over the column may be # 0.
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Rising cloud :

Y

RMI

* MoCon feeds resolved and subgrid schemes, # at # levels;
* Resolved condensation not limited to new moisture arrival.
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Writing a MOCON steady-state closure

Pb 5 Py d
/ ou(wl + @) = / CVGQ=

g g
Dt Pt

Normalized mass flux :

Py d Py 5
: feveay + o ot
Mu . Ouly, bt bt

ILL: _ =
MB O'b(,ué>

— Mp = Db
| 110gca

Pt

Closure yields Mp, then get steady-state mesh fraction by solving

F
auwZ” = —0u(1 —0oyu)V1— bau\/E = uMp

Y
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CAPE diagnostic closure

Nordeng's (1994) CAPE closure

OCAPE|  CAPE
ot ud - T
0CAPE / 00| dp / 00 dp
~— [g ~— | M, E
ot lud Ot lud pg dp g

can only be estimated assuming a steady-state updraught :
00uw
Bt

~ 0, 8 ~ 0,, M, up to the equilibrium level and does no longer vary during 7.
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CAPE diagnostic closure

Nordeng's (1994) CAPE closure

OCAPE| ~  CAPE
ot ud - T
0CAPE / 00| dp / 00 dp
~— | g ~— | M,——
ot lud Ot lud pg dp g

can only be estimated assuming a steady-state updraught :
% ~ 0, 8 ~6,, M, up to the equilibrium level and does no longer vary during 7.

MTCS : Transport and Condensation

_or
ot

L
Ap + Ap

1 {A(l(j—zuwg(su _ E)) O'U(CUZ + w)(sQCCL}

Y
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CAPE diagnostic closure
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Normalized mass flux
Entrainment/Detrainment associated to M," = o, (w, — we).

OlnM;

JANG,
Op = (Auy — Ku) >

Ap N ,Lb*l _ ,LL*H_l eXp(()\L L /{,lu)(¢l L ¢H—l))
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Normalized mass flux
Entrainment/Detrainment associated to M," = o, (w, — we).

OlnM; Ag fl w1 z IN(Al 41

Basic assumptions :

— M, increases with the entrainment, detrainment is negligible where aggn > 0;

— o0, remains constant (at W ~ 0) elsewhere , where there is detrainment.

— build y ~ p* from the bottom up, with 4 =1 at lowest base

— assign a weight to the other (sub)-bases related to the integrated buoyancy of the

associated segment
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Normalized mass flux
Entrainment/Detrainment associated to M," = o, (w, — we).

Oln M* A
ngZ(Au )Aﬁ — =M exp((N, — KL)(¢0 — ¢')

Basic assumptions : .

— M, increases with the entrainment, detrainment is negligible where agg > 0;

— o0, remains constant (at W ~ 0) elsewhere , where there is detrainment.

— build y ~ p* from the bottom up, with 4 =1 at lowest base

— assign a weight to the other (sub)-bases related to the integrated buoyancy of the

associated segment

(if 6! . =1: base weight
. . l I+1
: z wtexp{x, (¢! — ¢} if (%) > (%)
H = < if 5asc — w41 -
L4 otherwise
|f 6l.=0: 0
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Steady-state w_!

Auto-advection is important where buoyancy is small, and inversely.

F
il - 7l —bou)(1 - 0u) = %wzn(l —0u)° =0
11+1 _
ol max (\/F/K, ) if £ >0
e 23!
max (0, —/~F/K + zidm—yn) if 5 <0

In addition : prevent o, to decrease just above the base.

Base level has small buoyancy — base entrainment must be accounted for.

Y
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Local steady-state mesh fraction

—MB,LL —W

VEF/K’ VF/K

g(o,b,c) =0(1 —0)V1—"bo+co =
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Local steady-state mesh fraction

—MB,LL —W
—, C = ——

g(o,b,c) =0(1 —0)V1—"bo+co = PR

o
o > 7h=13
° o zc +/ et
Q
© © r
0 ° /
-] ©
c +
0
~ ~ ~ - 4
% 6 9 9 s /
[T I i P
o ° o CERY] 8 J
§ g3 § ° 3
il i i £ o
2 2 2 5 o
5] <] <]
N N N
N bt
<} ° 0
N D -
s o
¢
° ° ° 8
IS [S) o S b=2, 2¢=0.3
T T T T T T T T T T T T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.0 0.1 0.2 0.3 04 0.5
x x x x
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Local steady-state mesh fraction

—MB,LL —W

VEF/K’ VF/K

g(o,b,c) =0(1 —0)V1—"bo+co =

0.0 0.2 04 0.6 08 10 0.0 0.2 0.4 0.6 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.0 0.1 0.2 0.3 0.4 0.5

+ forbid o,, bigger than the one of the maximum for ¢ = 0.

Y
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Mesh fraction evolution : prognostic closure

Mesh fraction profile given by v = al't/ayg.

O'H — Z Jﬂkﬁpkdfca
B Y Apkak.,
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Mesh fraction evolution : prognostic closure

Mesh fraction profile given by v = o /a

D AN
o Zﬁpk(w

SCa

A prognostic evolution is still possible - limiting it to steady-state 0”

5 Pb ; Db 5 Db ;
2/V(hu — he)—p = O‘B/LV(WZ/ + W) fdea | /L VG
ot g g g
pt Dt pt
&f” 8 = Z WOk(Spk(Sgct
S willk s phek
op = (0,2_ > €4) aff = min(o) I2 I/ZO'E)
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Mesh fraction evolution : prognostic closure

Mesh fraction profile given by v = al't/ayg.

o S ou Apksk,
TET Y Apak

SCa

A prognostic evolution is still possible - limiting it to steady-state 0”

5 Pb ; Db 5 Db ;
2/V(hu — he)—p = JB/LV(wa’ + W) fdea | /L VG
ot g g g
pt Dt pt
&f” 8 = Z WOk(Spk(Sgct
S willk s phek
op = (0,2_ > €4) aff = min(o) I2 I/ZO'E)

o, memory not limited to active levels (for retrieving the norm o).

0qco Obtained from w; ™ < —e.

Y
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Transport fluxes

1 B &p o H.jeonv
Jconvl:_ . * Y — oY 2 _ — Y
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Transport fluxes

1 B aw 8 aJCOHV
Jconvl:_ u* Y — _— = —— — - — v
— My
convi  L(.r — —l IO > —\10-1 —~ Wi twyT
S Gl (DI (R (D) TR
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Transport fluxes

. 1 o aw B O B aJCOnV
J 50-_7”";; (wu — @D), E = —%Mt(w - 77bu) - (9]9
1 — T i s g1 Wi bWl
AJconvl g{gl [auw (w _ w)}l — fl_l [O‘Uw,:i(wu — w)]l }7 w:; — “u ;—wu

The travel time (£/71 —fZ)At induces a deposition corresponding to cloud (,,) creation.

Transport flux is

l _ _ _ _
EM, = —¢ u T % At} — ¢ld = €1IZFORM! > 0

o~
Q
I
&
o
_|_
+
&
1
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Transport fluxes

. 1 o aw B O B aJCOnV
J 50-_7”";; (wu — @D), E = —%Mt(w - 77bu) - (9]9
1 — T i s g1 Wi bWl
AJconvl g{gl [auw (w _ w)}l — fl_l [O‘Uw,:i(wu — w)]l }7 w:; — “u ;—wu

The travel time (£/71 —fZ)At induces a deposition corresponding to cloud (,,) creation.

Transport flux is

_ <>—|— l
eM, = € W At] =gl = €1ZFORMT > 0
1l —o0y, 2
gt _ (€)' { Jeoni=T | A (wl“ o' e+ wz) }
Ap'+ (o)t LY gat\ 2 2
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Condensation fluxes

Convective condensation associated to

o+ o— 1
w, ' +w

I _ _
- At} — d' = ZFORA! > 0

M, = [O‘u
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Condensation fluxes

Convective condensation associated to

I _ _
At} — d' = ZFORA! > 0

ot o—
W 4+ w
M, = [O’u u u

Variation of £ cannot produce condensation.

0qc o e DGea  0Gy
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Condensation fluxes

Convective condensation associated to

<>—|— o—
9, + w
M, = [gu u u

Variation of £ cannot produce condensation.

ANGea Gy
Ap ot

0qc
ot

= (—0ouwy)§

Vertical transport ignored effect of condensation on 1) :
include this transport in the condensation flux.

(W =) = ( gc)lf{@c)l—_l(w*— _

] _ _
At} — d' = ZFORA! > 0

(Ed) T (gl — ity + <§d>7<wz+1—wz>}

Y

2
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Detrainment area fraction

Local condensate budget within the subgrid updraught.

* condensate generation o £/d!Aqeq

* inside transport x ot (W + wy)!
* antrainment x glcl)\fu%l > where fl — 0 at the rising top
* local storage X (5act0-qu,+ — 5aC9O-fZ_) qg:u

* detrained condensate x D At ey, = 00D qeD
/

Y
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Detrainment area fraction

Local condensate budget within the subgrid updraught.

* condensate generation o £/d!Aqeq

* inside transport x ot (W + wy)!
* antrainment x glcl)\gu%l > where fl — 0 at the rising top
* local storage X (5act0-qu,+ — 5aC9O-fZ_) qg:u

* detrained condensate x D At ey, = 00D qeD

/

Assuming qg.p ~ q., not satisfactory

— pure mass budget must be further assessed.
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