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Parametrised subgrid turbulent processes in Arome

@ isotropic turbulence parametrisation : mean isotropic turbulent
mixing of cloudy conservative variables (6; and r,p) +
diagnostic « projection » on pronostic variables (6, r, and
re/ri).

@ shallow (non precipitating) cloud convection parametrisation :
mean shallow convective updraft mass flux mixing of cloudy
conservative variables (6, and r,,p) + diagnostic « projection »
on pronostic variables (6, r, and r./r;).

@ subgrid cloud parametrisation : computation of cloud content
and cloud cover for radiation scheme in particular.
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Parametrised subgrid turbulent processes in Arome

CBR turbulence scheme : 45 min
KFB shallow convection scheme : 45 min

Subgrid cloud calculations : 45 min

e 6 o6 o

1D shallow convective case results : 30 min

@ Summary and conclusion : 10 min
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What'’s a turbulent flux?

Scales of averaging

molecular scale continuum scale meteorological scales
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e
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molecular diffusion Reynolds terms for
of momentum (viscosity) momentum
of heat (conductivity) heat
of mass (Fick law) water vapor
(C02)
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What'’s a turbulent flux?

Reynolds terms

Average of the NS equations — non-linear terms — turbulent fluxes )

For o defined at the scale of the continuum
a:a+d
Equation for «
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What'’s a turbulent flux?

Simplification of @ equation
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The mean Lagrangian evolution of &
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The terms in brackets = the mean transport of o by motions

wich are not described at the scale of the mean meteorological
variables
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What'’s a turbulent flux?

Flux form

Using a Boussinesq or anelastic version of the continuity equation

(preru’) prerv') + O(prerw’)

=0
0x + dy 0z
the equation for @ becomes
D& INprert'a) O prerV'a!)  Oprerw'a’) —
ref A, — 5
Pref Dy ox + oy + 0z +

Note that the mean variable are often written without the -
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What'’s a turbulent flux?

For mean scales larger than about 1 km, we can usually neglect the
gradient of horizontal turbulent fluxes, but the vertical gradient of
vertical turbulent fluxes is determinant especially near the surface, .

For AROME, we use a simplified version of the 3D turbulent
scheme of Méso-NH with 1D (vertical) turbulent terms only. J
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What's a closure hypothesis ?

Computing the gradients of mean turbulent fluxes

The mean perturbation correlations such as w’a’ are new
unknowns in the equations for the mean state of the atmosphere.
We would need new equations to solve this system.

But equations for the double correlations involve triple correlations
such as w/w’a’ which are again new unknowns

Closure problem

The system may be solve only with a closure hypothesis.
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What's a closure hypothesis ?

Example : first order closure

Exchange coefficients

Simple expressions of «Fourier law» or «viscosity law» form
(molecular diffusion of heat or momentum) may be used to express
the turbulent fluxes (second order moment) as a function of the
mean variables.

Pref w'a! = —Pref Kag%

K, is the eddy exchange coefficient for the variable a.

In the simplest first order closure, K, is taken constant and
positive, but more sophisticated first order closure are possible,
usually through the definition of a mixing length.
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What's a closure hypothesis ?

Mixing length

Mixing lengths are defined by analogy with the mean free path in
gaz kinetic theory (for example, Prandtl (1925) or Taylor (1915)).
When the eddy coefficient is a function of a mixing length L, the
closure of the system needs a parametrisation for the computation
of this mixing length.

L is supposed to represent the size of the more «efficient» mixing
vortices (the more «energetic» ones).
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What's a closure hypothesis ?

Higher order closures

In a complete second order system, pronostic equations are written
for all the second order moments with closure hypothesis to express
the third order moments and other unknown terms.

In Méso-NH, the scheme is not a complete second order scheme,
but it is intermediate between a first and a second order scheme
(1.5 order) :

@ pronostic equation only for the isotropic second order
moments through a TKE equation;

@ stationarisation of the other second order moments leading to
diagnostic expressions.
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What's a closure hypothesis ?

1.5 order closure

In gaz kinematic theory, the molecular exchange coefficients may
be written as
v=c <I|> vr

where ¢ is a constant, < / > is the mean free path and vt is the
mean speed of thermal agitation.
By analogy, the eddy coefficient for any variable « is defined as :

K, = caly/e

where
o L is the mixing length

o e=u?+v'? 4+ w? is the mean TKE (/e gives the mean
module of the speed fluctuation)
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What's a closure hypothesis ?

The BL89 mixing length

BL89 postulate that the mixing length can be related to the
distance a parcel of air having the initial kinetic energy of its level,
can travel upwards (/,p) and downwards (/gown) before being
stopped by buoyancy effects :

z+lup
/ E_(0(z)~ 0()dz = —el(2)

avref
/ € (0(z) — 0(2))dz = — e(z) and lyown < z
Z—ldown 9v ref
and
1 1[ 1 n 1 ]
23 21253 T 23
up down
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What's a closure hypothesis ?

The BL89 mixing length

The BL mixing length allows the length scale at any level to be
influenced by the stability at this level, but also by the effect of
remote stable zones, or the proximity of the ground.

Limitations of BL89
@ infinite value in strict neutral conditions
@ bad formulation in the CLS (amelioration with RMCO01)

@ sometimes underestimation of the fluxes near strong inversions
at the top of the boundary layer (especially in moist or cloudy
condition)
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Equations of CBR

The 1D Méso-NH turbulent scheme

e Cuxart (1995)
@ Redelsberger and Sommeria (1981)
e Bougeault and Lacarrére (1989)
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Equations of CBR

The (1D) turbulent equations tendencies for the mean
variables

a(prefﬂ) _ a(pref W/U/)
ot Yturb — T Oz
I(prefV) _ O(prefv'w’)
ot Yturb  — _T
8(prefW) - 0
ot Jturb  —
8(prefe) - a(pref Wlel)
ot Yturb — T Oz
8(prefriv) _ a(pref W/r\//)
ot Yturb — T Oz
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Equations of CBR

The (3D) turbulent equations for the first order moments
before hypotheses

S vmag o) = - (Bu) “feS;—E=Z 4B ol

@ vme = R () W B0, e
GO wmR W) = o () O -V gL e Ny

GE) vm ) =~ (W) SR AR A L

%(9’2) +uk6—‘zk(9’2) = 7% (u29’2) 72@673( —eq
S0P w2 (D) = =2 () —2ujr, 5 —e
%(G’r‘ﬁ) +Uka—‘zk(0’7r‘ﬁ) = 7% (u’@’r’) 7uf<0’ oty u,’(rég—fk —egr
tendency advection 3 order dyn. prod. therm. prod. pres.-cor. dissip.
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Equations of CBR

Hypotheses for the resolution of the first order moments

@ pronostic equation for the TKE

@ 1.5 order closure

e Stationarization of the first order moment (except e)
@ Isotropy and homogeneity

@ No 37 order moments (except for e)

°

Closure hypotheses for the presso-correlation and dissipation
In 1D :

e 0-/0x =0 -/Jy =0 (horizontal homogeneity)

e w = 0 (horizontal homogeneity, except for e advection)
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Equations of CBR

The (1D) system for the first order moments after
hypotheses

An equation for e + J
0 = 7C,,,£ (ﬁ73e>
L 3
0 = —Cmﬁ (ﬁ— ge)
L 3
2
0 = —CmTe (W’Q—gé)
0o = uv
0 = 7ie@ — mfu’w’
15 oz L
0 = ,ie§, mﬁv/w/
15 0z L
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Equations of CBR

The (1D) system for the first order moments after
hypotheses
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Ve’
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Equations of CBR

The second order moment diagnostic equations

2L 100
w'0’ 5662$¢3 ,
2 _
w'rl, = iCLheéaarvi/B i N ge
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Equations of CBR

Others moments

o0 8rv

o'r, = *C2( - )93+ ¢3)
7 = a (@@wg
— 8r 8r
2 o 2 v v
rv - CL (82 82 )¢3
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Equations of CBR

The stability functions ¢3 and 13 describe the enhancement or
inhibition of turbulent transfers by stability effects.
In the 1D system :

1
P3=1Y3= 5 —F5~
C(Roy+ Rr) N & P00
O T Oere "0z

2 1 g L° or,
cC = - Rr = 7Emoisiv

3Ch Gy Oy rer € taz
Ch = 4 _ _
C, = 4 where Eg:%vand Epoist = 0.616
G = 1.2
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Equations of CBR

The TKE equation

e _ . / 0]
ot Pref 0z (p EfeW) Hi 0z +9vref W
3
1 0 10e e2
mHre L €
+pref oz (C2 Pref LE2 aZ) C L

The source terms appearing in this equation are respectively the
advection of TKE, the shear production, the buoyancy production
(W0, = EgwW'& + Epoistw'r)), the diffusion, and the dissipation.
The additionnal numerical constants take the values (RS81)
Cm=0.2and C. =0.7.
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Fluxes of cloud water and ice

Turbulence of cloud water r. and ice r;

Idea : to use variables which are conversative in the condensation
process

i — O (1)
0 — glze_inref_lrc_inref_lri (2)
Cph Cph
fh — Mp=r+rc+r (3)

Formally, the scheme is unchanged, except for the computation of
Ep and Epoist (weight of condensed water in buoyancy production
and ¢3 and 13 computation)
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Fluxes of cloud water and ice

The eddy fluxes are computed for conservative variables m et
w'o;

The eddy fluxes for non-conservative variables are then deduced
from these conservative variable fluxes using a parametrisation of
the cloud water/ice fluxes.

@ In a «all or nothing» adjustment process, w’r. and w'r! are
directly given by a first order adjustment process.

e With a sub-grid condensation scheme, the shape of the cloud
water fluxes depends on the second-order correlation s'r..

More details in the sub-grid condensation lecture ... )
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The CBR scheme in practice

of computation

Compute L from e~

Compute ¢; and v; from the o, e~ and L
Compute the turbulent tendencies (with some possible
implicitness) for the «; (turbulent contribution for the

computation of the o)
Compute the TKE tendency and obtain e™.
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The CBR scheme in practice

Algorithm

inputs : turbulent surface fluxes (constant fluxes in the CLS)

outputs : turbulent tendencies for non precipitating pronostic
variables

BLSY

DELT

&

UPDATE_ROTATE_WIND )8

UKD VER_ DYN FLUX
TURD_VER SV_FLUX

© TURB_HOR_SPLT
©
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The CBR scheme in practice

GABLS2 : 1D diurnal evolution
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The CBR scheme in practice

GABLS2 : 1D diurnal evolution
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The CBR scheme in practice

GABLS2 : 1D diurnal evolution
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The CBR scheme in practice

GABLS2 : 1D diurnal evolution
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The CBR scheme in practice

GABLS2 : 1D diurnal evolution
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The CBR scheme in practice

GABLS2 : 1D diurnal evolution
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The CBR scheme in practice

GABLS2 : 1D diurnal evolution
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