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CSD features

• Provide a subgrid complement to the resolved part of the convective updraughts.

• Resolved signal adaptive scheme, more than simply scale-aware.

• Perturbation plume

• Prognostic evolution (ω�
u, σu σD , cloud top)

• Physically based mixed closure (CAPE + Moisture convergence)

• Specific triggering, based on resolved condensation.



Triggering methods

A mixed source parcel is lifted up to its LCL
where a buoyancy kick is added, allowing or not to reach the LFC.

Referring to the initial source parcel,

4Tv = max{−4Tvx ,min[(4Tv ,LCL +4Tv ,rc +4Tv ,...︸ ︷︷ ︸
kicks

),4Tv ,cin︸ ︷︷ ︸
barrier

,4Tvx ]}

• Main kick: resolved condensation over a thickness GTRTHCK∼ 700hpa:

4TFcs = max[0, g4t

k∑
l=L

Ll

c lp
4F l

cs

k∑
l=L

4pl
],

4Tv ,rc = γrc(1 + γCAσCA)
[
4TFcs(1 + γCAσCA)− T0,rc

]
(σCA is mesh fraction from cellular automaton).



Triggering methods (II)

• Possibe complementary kicks:

− TKE (Kuell & Bott 2008):

4Tv ,tke = γk max[0, (2
√
〈TKE 〉) 1

3 − 1]

− Relative Humidity (Narita & Ohmori 2007)

4Tv ,RH = γRH〈qv 〉usl
RT 2

Ra

Rv
L(T , αi )qs︸ ︷︷ ︸
1/ ∂qs

∂T


0 if RH ≤ 0.75
RH−0.75

4 if 0.75 < RH < 0.95
1
RH − 1 if RH ≥ 0.95



Interaction with mean grid box

• subgrid transport fluxes 6= production fluxes: Mtr = Mu/max[GCVFXM, (1− σu)]

• subgrid condensation flux added to resolved flux

• Nc = σu + σD (detrained fraction), now with max overlap in cloud scheme (LSMGCDEV)
and radiation (LNEB FP)

• Compute convective activity index (resolved and subgrid)

ξ = max[0,
(−ω − σuω�

u−ωn)

ωr
]

that can be used in microphysics to affect auto-conversion thresholds and efficiencies.
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+ Non Saturated Downdraught
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+ Non Saturated Downdraught

+ CSD, RWBF1=100
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation
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VQV (54.0h) [dom=0]

min=−0.240352, max=0.859454

co
n

to
u

r 
(0

.0
1

,0
.0

3
)(

0
.0

6
,0

.1
5

)(
0

.2
,1

)(
1

.2
,2

)(
2

.5
,6

) 
 s

ca
le

=
x1

e
+

0
3

 230 

 230 

 273.15 

+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation

+ Reinforced triggering
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+ Non Saturated Downdraught
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+ Non Saturated Downdraught

+ CSD, RWBF1=100
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation

+ Reinforced triggering
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+ Non Saturated Downdraught
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+ Non Saturated Downdraught

+ CSD, RWBF1=100
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

Forecast range (h)

P
re

ss
u

re
 (

h
P

a
)

 −
1
.2

 
 −

1 

 −
0.95 

 −
0
.9

 

 −
0
.8

5
 

 −
0.

7 

 −
0

.6
5

 
 −0.6 

 −0.55 

 −0.5 

 −0.45 

 −0.4 

 −0.35 

 −0.3  −0.25 

 −0.25 

 −0.25 

 −0.2 

 −0.2 

 −
0

.2
 

 −0.2 

 −
0.15 

 −0.15 

 −0.15 

 −0.15 

 −0.15 

 −0.12 

 −0.12 

 −0.12 

 −0.12 

 −0.09 

 −0.09 

 −0.09 

 −0.09 

 −0.09 

 −0.09 

 −0.06 

 −
0
.0

6
 

 −0.06  −0.06 

 −0.06 

 −0.03 

 −0.03 

 −0.03 

 −0.03 

 −0.03 

 −
0
.0

3
 

 −0.02 

 −0.02 

 −0.02 

 −0.01 

 −0.01 

 −0.01 

 −0.01 

 −0.01 

 −0.01 

 −0.01 

 −0.01 

 −0.01 

 0 

 0 

 0
 

 0 

 0
  0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 
 0 

 0 

 0 

 0 

 0 

 0
 

 0 
 0  0 

0 10 20 30 40 50

1
0

0
0

8
0

0
6

0
0

4
0

0
2

0
0

0

 0 

 0 

 0
 

 0 

 0 

 0
  0 

 0 

 0 

 0 

 0 

 0 

 0 

 0  0 

 0 

 0 

 0 
 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 
 0  0 

 0.01 

 0.01 

 0.01 

 0.01 

 0.01 

 0.01 

 0.02 
 0.02 

 0.02 

 0.02 

 0.03 

 0.03 

 0.03 

 0.03 

 0.03 

 0.03 

 0.06 

 0.06 

 0.09 

 0
.0

9
 

 0
.0

9 

 0.12 
 0.15 

 0.2  0.25 

CSGSt7b_0714−OPE_0714, 2016−07−14 00:00
VCT (54.0h) [dom=0]

min=−1.450363, max=0.368202

co
n

to
u

r 
(0

.0
1

,0
.0

3
)(

0
.0

6
,0

.1
5

)(
0

.2
,1

)(
1

.2
,2

)(
2

.5
,6

) 
 s

ca
le

=
x1

 230 

 230 

 273.15 

Forecast range (h)

P
re

ss
u

re
 (

h
P

a
)

 −0.2 
 −0.12 

 −0.09  −0.09 
 −0.06 

 −0.06 

 −
0
.0

3
 

 −0.03 
 −0.03 

 −0.0
2 

 −0.02  −0.01 

 −0.01 

 0  0 

 0 

 0 

 0 

 0
 

 0 

 0 

 0 

 0 

 0 

 0 

 0
 

 0 

 0 

 0 

 0 

 0
 

 0 

 0 

 0 

 0 

0 10 20 30 40 50

1
0

0
0

8
0

0
6

0
0

4
0

0
2

0
0

0  0  0 

 0 

 0 

 0 

 0
 

 0 

 0 

 0 

 0 

 0 

 0 

 0
 

 0 

 0 

 0 

 0 

 0
 

 0 

 0 

 0 

 0 

 0.01  0
.0

1
 

 0.01 

 0.01 

 0.01 

 0.01 

 0.02 

 0
.0

2 

 0.02 

 0.02 

 0.03 

 0.03 

 0
.0

3
 

 0.06 

 0.06 

 0.06 

 0
.0

9
 

 0.09 

 0
.0

9
 

 0.12 

 0.15 

 0.15 

 0.2 

 0.25 

 0.3 

 0.35 

 0.4 

 0.45 

 0.
5 

 0
.5

5
 

 0
.8

 

CSGSt7b_0714−OPE_0714, 2016−07−14 00:00
VQV (54.0h) [dom=0]

min=−0.264755, max=0.913998

co
n

to
u

r 
(0

.0
1

,0
.0

3
)(

0
.0

6
,0

.1
5

)(
0

.2
,1

)(
1

.2
,2

)(
2

.5
,6

) 
 s

ca
le

=
x1

e
+

0
3

 230 

 230 

 273.15 

+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation

+ Reinforced triggering
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+ Non Saturated Downdraught
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+ Non Saturated Downdraught
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+ Non Saturated Downdraught

+ CSD, RWBF1=100
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation
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CSGSt7_0714−OPER_0714, 2016−07−14 00:00
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation

+ Reinforced triggering
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OD_0714−OPE_0714, 2016−07−14 00:00
VCT (54.0h) [dom=0]

min=−0.146286, max=0.148822
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+ Non Saturated Downdraught
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ODU_0714−OPE_0714, 2016−07−14 00:00
VQV (54.0h) [dom=0]
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+ Non Saturated Downdraught

+ CSD
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VCT (54.0h) [dom=0]
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ODUa_0714−OPE_0714, 2016−07−14 00:00
VQV (54.0h) [dom=0]
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+ Non Saturated Downdraught

+ CSD, RWBF1=100
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ODUSc_0714−OPE_0714, 2016−07−14 00:00
VQV (54.0h) [dom=0]
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0
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CSGSt7b_0714−OPE_0714, 2016−07−14 00:00
VCT (54.0h) [dom=0]
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CSGSt7b_0714−OPE_0714, 2016−07−14 00:00
VQV (54.0h) [dom=0]
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation
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CSGSt7_0714−OPER_0714, 2016−07−14 00:00
VQV (54.0h) [dom=0]
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation

+ Reinforced triggering
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OD_0714−OPE_0714, 2016−07−14 00:00
VCT (54.0h) [dom=0]
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+ Non Saturated Downdraught
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+ Non Saturated Downdraught

+ CSD
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+ Non Saturated Downdraught

+ CSD, RWBF1=100
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ODUSc_0714−OPE_0714, 2016−07−14 00:00
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0
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VCT (54.0h) [dom=0]
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CSGSt7b_0714−OPE_0714, 2016−07−14 00:00
VQV (54.0h) [dom=0]
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation
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CSGSt7_0714−OPER_0714, 2016−07−14 00:00
VQV (54.0h) [dom=0]
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+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0
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+ Non Saturated Downdraught
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+LNEB FP + DC adaptation
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation

+ Reinforced triggering
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+ Non Saturated Downdraught

+ CSD, RWBF1=100
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+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

Forecast range (h)

P
re

ss
u

re
 (

h
P

a
)

 −
0

.6
 

 −
0

.5
5

 
 −

0
.5

 

 −0.4 

 −0.35 

 −0.3 

 −0.25 

 −0.2 

 −0.2 

 −0.15 

 −0.15 

 −0.12 

 −0.12 

 −0.09 

 −0.09  −0.09 

 −0.06 

 −0.06 

 −0.06  −0.06 

 −
0.

03
 

 −0.03 

 −0.03 

 −0.02 

 −0.02 

 −0.02 

 −0.02 
 −0.02 

 −0.01 

 −0.01 

 −0.01 

 0
 

 0 

 0 

 0  0 
 0  0 

 0 

 0  0 
 0 

 0
 

 0 

0 10 20 30 40 50

1
0

0
0

8
0

0
6

0
0

4
0

0
2

0
0

0

 0
 

 0 

 0 

 0  0  0 
 0  0 

 0 

 0  0 
 0 

 0
 

 0 

 0.01 

 0.01 

 0.01 

 0.02 

 0.02 

 0.02 

 0.02 
 0.03 

 0.03 

 0.03 

 0.06 

 0.06 

 0.09 

 0.09 
 0.09 

 0.12 

 0.15 

 0.2 

CSGSt7_0114−OPER_0114, 2017−01−14 00:00
VCT (54.0h) [dom=0]

min=−0.667724, max=0.227113

co
n

to
u

r 
(0

.0
1

,0
.0

3
)(

0
.0

6
,0

.1
5

)(
0

.2
,1

)(
1

.2
,2

)(
2

.5
,6

) 
 s

ca
le

=
x1

 230 

 230 

 273.15 

Forecast range (h)

P
re

ss
u

re
 (

h
P

a
)

 −0.03 

 −0.01 

 0 

 0  0
 

 0 

 0 

 0  0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

0 10 20 30 40 50

1
0

0
0

8
0

0
6

0
0

4
0

0
2

0
0

0

 0 

 0  0
 

 0 

 0 

 0  0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0 

 0.01 

 0.01 

 0.02 

 0.03 

 0.03 
 0.06 

 0.
09

 

 0.12 
 0

.1
5

 

CSGSt7_0114−OPER_0114, 2017−01−14 00:00
VQV (54.0h) [dom=0]

min=−0.081233, max=0.227661

co
n

to
u

r 
(0

.0
1

,0
.0

3
)(

0
.0

6
,0

.1
5

)(
0

.2
,1

)(
1

.2
,2

)(
2

.5
,6

) 
 s

ca
le

=
x1

e
+

0
3

 230 

 230 

 273.15 

+ Non Saturated Downdraught

+ CSD, RWBF1=100

+LSMGCDEV + Nsc+RPHI0

+LNEB FP + DC adaptation

+ Reinforced triggering



Further on...

• CSD revision for strong convection cases:
− more triggering did seem to improve
− enhancing other interactions: assessment of subgrid transport

• Deeper insights into the mixed phase

• Further feedbacks on microphysics

• Density currents, cold pools


