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Reunification ?

Current state:

1. q−
v , q

−
i , q

−
` ,N

−
c → ACNEBCOND Resolved condensation → q

(1)
c ,Ns

2. ACNEBN Radiative cloud → Nrad, qi ,rad, q`,rad

. re-estimates qcsrad from qt with other HUc profile . and qccrad from N−
c ,

. then Nrad xith Xu-Randall formula.
− Nrad,Nc → ACNPART classified cloud → Nt,BH,NM,NL

− Nrad, qi,rad, q`,rad → aceaneb2

3. Turbulent transport, depp convection → N+
c

4. qv ∗ −, qi ∗ −, q∗
` ,N

+
c → ACNEBCOND → q

(2)
c ,Ns

. → ACCDEV → Fcsi ,Fcs`

5. (+Fcci ,Fcc`) + Neq → microphysics → iautoconversion, collection, evaporation...

. (+ turbulent fluxes)→ cptend, dynamics ⇒ q+v ,q
+
i ,q

+
` , q

+
s , q

+
r
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PDF of local saturation departure

• Local condensation is related to a local positive departure from saturation.

• Saturation depends on temperature

• condensation increases temperature

• Pre-existing cloud condensate do not condensnse a second time but may evaporate.

. ⇒ use ‘liquid (and ice)’ temperature

Qc ≡ qt − qsat(T , p) = aL
[
qt − qsat(TL, p)

]
TL = T − (Lvq` + Lsqi )/cp, aL =

1

1 + L
cp

∂qsat
∂T

∣∣∣
T=TL

Mean grid box: Qc = aL
[
qt − qsat(TL, p)

]

Principle: assume some distribution of Qc aroud Qc
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Smith 1990 Cloud scheme

Symmmetric pdf of s, departure from mean saturation excess
Qc : s = q̆c − Qc ≡ (qt − qs)− (qt − qs):

width b = σ
√

6 = qs(1− Uc), (Uc is critical relative humidity).

−0.010 −0.005 0.000 0.005 0.010

0
20

40
60

80
10

0
12

0

s= qc − Qc

G
(s

)

Qc=−2.00e−03

N=0.28
qc=5.62e−04

b=8.00e−03

− Qc
−0.010 −0.005 0.000 0.005 0.010

0
20

40
60

80
10

0
12

0

s= qc − Qc

G
(s

)

Qc=0.00e+00

N=0.50
qc=1.33e−03

b=8.00e−03

− Qc

Qc < 0: unsaturated grid-box

.

more cloud at RHt = RH + qc
qs

= 1 requires a skewed pdf !

Qc = 0: just saturated mean grid-box
⇐⇒ qt = qs , N = 0.5.
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Smith 1990 triangular pdf width

b = σ
√

6 = qsat(1− HUc)

where HUc is
critical mean grid box relative humidity

= at twhich first cloud appears

En ≡ RETAMIN ∼ 0.4

H1 ≡ RHCRIT1 ∼ 0.5

H2 ≡ RHCRIT2 ∼ 0.91

+4xdependency



Drawbacks and high resolution issues

• the triangular Qc distribution lacks realism.

• at mean grid box saturation, qt ∼ qsat ⇐⇒ Qc = 0⇒ N = 0.5

• In the presence of convective ascents, the pdf should have more than 1 mode.
This becomes more critical when updraughts become (partially) resolved.

⇒ Define a bimodal PDF, with distinct clear and cloudy modes

⇒ Resolved vertical velocity should avffect the relative widths of the 2 modes

⇒ Use physical reasoning to get a more or less realistic representation.
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Making a bimodal PDF (1)

• two triangular modes: clear and cloudy, with a horizontal transition at a fraction α of the
minor mode height.
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Making a bimodal PDF (1)

• two triangular modes: clear and cloudy, with a horizontal transition at a fraction α of the
minor mode height.
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The extreme widths b00: clear sky and b11:overcast determined from mean grid-box state:

b00 = (1− HUc)qsat(T , p), as in Smith

b11 = br · b00 br tunable, depending on the phase

...and br affected by the resolved vertical velocity ω

.
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Actual mode widths

• b0⇒ variability of qv in the clear part: 0 ≤ b0 ≤ bOO

• b1 ⇒ variability of qc or oversaturation in cloudy part. 0 ≤ b1 ≤ b11

• When N = 0⇒ b0 = b00 and b1 = 0: limit of first cloud;

• When N = 1⇒ b0 = 0 and b1 = b11: limit of first hole in clouds.

• Otherwise bothe mode are present, α makes the transition
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Making a bimodal PDF (2)
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• The variation of the modes width and height is obtained by pre-determining the slopes, from
b00 and b11: S = 1 = b00 · (γ0 · b00) etc. for isocele case.

• gliding from 2 isocele triangles (2 slopes) to a 4-slopes represntation: 0 < χ0 < 1, relative
abscisse of the summit.

• The slopes may vary with Qc .

• br depends on ω: see below.



Making a bimodal PDF (illustration)
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Making a bimodal PDF (illustration)
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Making a bimodal PDF (illustration)
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Making a bimodal PDF (illustration)
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Making a bimodal PDF (illustration)
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Making a bimodal PDF (illustration)
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Effect of the vertical velocity
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⇒ resolved upwards motion increases b11, which in turn

• reduces N

• increses cloud water concentration qc/N.
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Other aspects of unified scheme

• Correction of saturation (local T ) below real T inversion:
− earlier only in radiative cloud
− here moved to cloud condensation scheme ⇒ thermal effect of enhanced condensation.

• Shallow convection :TOUCANS → only transport,
. ⇒ assume condensation covered by resolved scheme.

• Context of grey zone, maximum overlap of convective and ’resolved’ cloud



Other aspects of unified scheme

• Protection of convective condensate

Nt = max(N�,Nc) qc0
c = qc0 ·

Nc

Nt
qc1 = max(qc

�, qc0
c)

• ”radiative’ condensates: suspended part of gross condensate after acnebcond, with effect of
vertical velocity.

ω1 = αi ωice + (1− αi ) ωliq, zsusx = qsusxs
1 + max(0, −ω

ω1
)

1 + max(0, ω
ω1

)

qc,rad = zsusx[1− exp(
−qc1

zsusx
)]



Other aspects of unified scheme

• − Chosen HUC profile, consideration of
oversaturation below the tropopause.

− Effect of phase on b00 and b11:
⇒ phase partition αi (T ) vs step transition



Peculiar things from operational 3MT

• RDTFAC=1 making a mixed phase zone up to -40oC:
litterature suggests -8oC or RDTFAC=0.27

• XR scheme assumes qw in clouds, computed with a step
transition from liquid to ice at 0oC:
source of large departures when qorking with αi (T ) ≡ fonice.

• RWBF1=1600 ↔ 300.



Preliminary results: Precipitation
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Preliminary results: DDH
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Work going on...

• getting an effective control of tendencies ⇒ scores

• CSD scheme ⇒ same process.

• Validation over the seasons...

• ...


