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Cloud production line

• Prognostic water variables: q−v , q−i , q−` ←→ q−s , q−r

• TOUCANS including mass-flux-type shallow convective transport: estimates

− turbulent transport coefficients
− a shallow cloud fraction but no explicit condensation/evaporation

• Turbulent diffusion

• Statistical cloud scheme: Xu-Randall based, completed by pragmatic closure
=⇒ compute an equilibrium between qt , qcs ,Ns

− Based on a state resulting from resolved and turbulent motion
⇒ normally includes condensation due to

∗ the shallow transport
∗ the resolved part of deep convective motions

• Parameterized deep convection: −→ qcc ,Nc , transport fluxes

• Microphysics: converts (qi , ql) −→ (qr , qs), ↔ qv , sedimentation ⇒ qt 6=
• Moist (unsaturated) downdraft: evaporates qr , qs + additional transport

fluxes. ... (q+
v , q

+
i , q

+
l , q

+
r , q

+
s )

q−t , T−, N−c

RADIATION

Nrad, qrad
c

classified N
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Cloud condensate evolution along parameterizations

qc

t− t+4tphys

•
qc9

•
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•
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CUD

CCS
transport

conversion
to rr

condensate production microphysical processes

Nrad, qrad
c radiation

N low,Nmed,Nhi,Ncv
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Xu-Randall diagnostic formula in cloud scheme

N ≈
( qv

qw

) 1
4 αqc

αqc + (qw − qv )
1
2

,

qt = qc + qv ,

qv = qwN + H · qw (1− N)
::::::::::::::::::::::

α ∼ 150, qt , H(z), qw fixed

original XR: α ∼ 100

⇒ Tricky: adjustment is
computational, not physical,
not prognostic

qw = , qv ↗ ⇒ N ↗ ...

actually H(z) – prescribed RH in
clear part – should be affected by
evaporation
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Survival kit within the XR-based scheme

• Cloud fraction diagnosed from XR is related to hanging condensates

• First estimation of an equilibrium: E 0 ≡
{

q0
t = q−

t , q
(0)
c ,N

(0)
s

}
output cloud fraction based on Nrad built on this N

(0)
s

• After vertical turbulent diffusion, reestimate E 1 ≡
{

q
(1)
t , q

(1)
c ,N

(1)
s

}
• A ‘stratiform’ condensation/evaporation flux is computed from the

difference of E1 value q
(1)
c and q−

c input to the scheme.
(associated heat exchanges ignored while computing E0, E1)

• conversion to precipitation further perturbs this equilibrium:

−→ q+
c < q

(1)
c and q+

t < q−
t ...

(conversion local qc → (qr , qs), variation qt ignored in E0, E1)
(↔ more elaborated budgets in RK98 ?).

• the final value of condensates advected by the large-scale flow are smaller
than the E 1 values fulfilling the XR formula.

The actual tuning of H(z) and of α tries to compensate the different
inadequacies.
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Critical relative humidity profile H(z)

Closure used by Smith (1990) (constant values 0.85/0.925, 4x ∼300km)
as a way to represent the subgrid variability.

RHcrit = 1−
√

6

√
q′2t − 2αST ′Lq′t + α2

LT ′2L

qsat(TL)
, αL =

∂qsat(TL)

∂T

• Further refined by Lopez (2002)

− Vertical dependency
→ 1 at bottom and top
to prevent spurious clouds

− Grid-box length dependency

estimated with subgrid variances
computed from aircraft
FASTEX measurements

− assumes triangular distribution
− Right formula ?

.
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Xu-Randall 1997 Fig 5

Scatterplot: stratiform cloud amount vs large-scale RH (GATE 64km subdomain)

...there is no unique threshold RH for zero Cs at any level !



H(z) as implemented in the code

LSMITH CDEV ‖ LSMGCDEV

• minimum value much smaller than
presented by Lopez

• ... but did he use the correct formula ?

LXRCDEV (4km)

• Explicit phase dependency
(dot=ice, dash=liquid)

• Values for ice and droplets closer to
Lopez’s suggestion in XR...

• but anyway no triangular
distribution !

• Smaller H used in radiation (solid
line) but further reduction of
condensate by coefficient
c1/
√

1 + (c2 · qsat)2 with c1 =0.4,
c2 cste (500) or increasing upwards
(250→1000).
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H(z) as representing subgrid variability

• When stratiform clouds are not alone in the grid box, does this formula
keep sense: qv = qwN + H · qw (1− N) ?

− Protection: compute N∗ on (1− Nc)
(assume uniform T , qw , qv , distribute qc in clouds)

Nc = σu + σD

Nt = Nc + Ns − NcNs

e = 1− Nc

Nt = Nc + N ′s
N ′s = Ns(1− Nc) = N∗s e

where N∗s is the
cloudy fraction of e.

− But at fine resolution, convective clouds become gradually resolved while
Nc is large.
⇒ estimate N/XR equilibrium over whole grid-box:

∗ if  condensation and N > Nc consider Nt = N and ignore Nc ;
∗ otherwise recompute Ns∗ on (1− Nc) and Nt = N∗

s (1− Nc) + Nc .

Drawback: assuming qv ∼ H · qw in clear part with H considering same
subgrid variability for all kinds of cloud covers

• Underlying hypotheses of the XR formula N(qt , qc , qw ) somehow
opposite to the use of a single H(z);

• XR97: ...deep convection tends to warm and dry the environment; it
reduces the clear regions RHs...
⇒ try to reduce H where deep convection is active ?
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How to estimate clouds before radiative scheme ?

Starting state:

• 3-D advected prognostic water variables: qv , qi , q`, qs , qr

=⇒ q−t , q
−
v , q

−
c not at equilibrium with a cloudiness

• + convective area: N−c ∼ σ−u + σ−D that could be protected ( N∗c )

we need Nrad, qrad
c to enter the radiation scheme

• ’prognostic’: the cloud scheme computes an equilibrium N∗ and q∗cs ; combine
N = N∗(1− N∗c ) + N∗c and constant value of ratio of intensive condensate
values e.g. q̂cc/q̂cs ∼ 1

• ’diagnostic’: less dependent of actual cloud scheme

1. independent calculation of ’stratiform’ condensates qcs : estimate
over-saturation with respect to a H ′(z) profile with no phase or 4x
dependency, replaced by qsat-dependent attenuation of the condensation.

2. re-estimate convective condensates with inverted XR formula
qcc(N−c , qt , qw );

3. qc = qcc + qcs and direct XR formula N(qc , qt , qw ).

Rem: qcc has not been subtracted from qt to compute qcs
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Differences using the two methods

• The impact of qc is limited in radiation (� qv and N).

• Diagnostic approach benefits of years of tuning and verification

• Standard 3MT: domain averaged 〈Nprog〉 < 〈Ndiag〉 and 〈qprog
c 〉 � 〈qdiag

c 〉
• CSD can sometimes realize closer values of 〈N〉 or 〈qc〉
• The prognostic approach still has trouble approaching the scores of the

diagnostic one: approaching same domain-average values not sufficient

• Other schemes sometimes apply empirical scaling of cloudiness or cloud
condensate passed to radiation scheme...
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Perspectives

• XR-based scheme arbitrariness is not worse than other schemes.
High resolution and convection-permitting resolutions may need
additional refinements

• RK03 more elaborate for estimating condensation, but as implemented,
cloud fraction is based on critical RH threshold. It also requires more
prognostic variables (memory of tendencies).

• Seen the organization of the parameterizations, the evaluation of
cloudiness before radiation cannot use accurate information:

− Using the advected water variables and cloud fraction suffers from
smoothing and inadequacies of interpolations, especially for variables that
are very inhomogeneous.

− The various interactions between parameterized processes can hardly be
envisaged, even by iterating parts of the physics.

However – maybe ?

• Trying to use cleaner formulas that are the same in the first evaluation of
cloudiness and in the final cloud condensate generation would be an
asset, allowing to better identify the sources of errors.
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