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O
ur A

pproach

•
G

O
A

L:  Im
prove representation of unresolved 

processes (turbulence, shallow
 convection, etc.) in 

SA
M

•
M

ET
H

O
D

 (tw
o additions to SA

M
):

1.
A

ssum
ed PD

F to diagnose SG
S cloud fraction, non-

precipitating cloud condensate, liquid w
ater flux 

2.
Im

proved representation of the SG
S turbulent length 

scale

•
C

an this be done w
ithout breaking the bank 

(com
putationally)?
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A
ssum

ed PD
F: 

Im
plem

entation into SA
M

•
Select the A

nalytic D
ouble G

aussian I PD
F

•
R

equires com
putation of several second order 

m
om

ents and one third order m
om

ent:

•
T

he single colum
n m

odel of G
olaz et al. (2002) 

used a predictive approach to find these m
om

ents

•
To avoid substantial com

putational expense, can 
w

e avoid second/third order predictive closure? 

•
M

om
ents diagnosed using m

odified expressions of 
R

edelsperger (1986) and C
anuto (2004)
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Turbulent Length Scale

•
N

eeded to param
eterize:

•
C

urrently SA
M

 sets 

•
Typically results in a SG

S m
odel w

hich is too 
dissipative for C

R
M

s

•
C

heng et al. (2010) suggests that eddy diffusivity schem
es 

(K
-theory) appear to function w

ell given the correct 
am

ount of SG
S T

K
E can be predicted

•
W

e have form
ulated a new

 dissipation length scale that 
appears to partition SG

S/R
esolved T

K
E accurately 

L
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Standard SA
M

 vs. PD
F-SA

M

•
Standard SA

M

-
1.5 T

K
E closure

-
Length scale specified 
as dz (except in stable 
grid boxes)

-
“all-or-nothing” 
condensation 

•
PD

F-SA
M

-
1.5 T

K
E closure 

-
Length scale diagnosed

-
SG

S condensation

-
N

o additional prognostic 
equations added to SA

M
 

code
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M

 vs. PD
F-SA

M

•
Standard SA

M

-
1.5 T

K
E closure

-
Length scale specified 
as dz (except in stable 
grid boxes)

-
“all-or-nothing” 
condensation 

•
PD

F-SA
M

-
1.5 T

K
E closure 

-
Length scale diagnosed

-
SG

S condensation

-
N

o additional prognostic 
equations added to SA

M
 

code

w
�θ

�v
=

w
�θ

�l +
1
−

�
o

�
o

θ
o w

�q
�t +

�
L

v

c
p

�
p

op

�
R

d
/
c

p

−
1�
o
θ

o �
w

�q
�l

W
ednesday, August 4, 2010



LES Benchm
arks

•
T

he follow
ing LES cases have been used to test 

param
eterization in 2D

 C
R

M
 configuration:

-
C

lear C
onvective Boundary Layer (W

angara)
-

Trade-w
ind cum

ulus (BO
M

EX
)

-
Precipitating cum

ulus (R
IC

O
)

-
C

ontinental cum
ulus (A

R
M

)
-

Stratocum
ulus to cum

ulus transition (O
W

N
)

-
D

eep convection (G
AT

E) “G
iga-LES”
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Selected R
esults

•
R

esults from
 idealized cases (BO

M
EX

, Transition, 
R

IC
O

)

•
C

R
M

 R
esults presented for SA

M
 run in 2D

 and for 
dx=

3.2 km
 

•
A

lso present for dx=
800 m

 to 25.6 km

•
R

esults com
pared to predictive SC

M
 of G

olaz et 
al. 2002.
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N
on-Precipitating Shallow
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Sensitivity to H
orizontal G

rid Size
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um
ulus (R

IC
O

)

LES:  dx =
 dy =

 100 m
, dz =

 40 m
2D

 C
R

M
s:  dx =

 800 m
 to 25.6 km

 (102.4 km
 dom

ain), dz =
 100 m

R
esults show

n from
 last 4 sim

ulated hours

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)

height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

Standard SA
M LES:  dx =

 dy =
 100 m

, dz =
 40 m

2D
 C

R
M

s:  dx =
 800 m

 to 25.6 km
 (102.4 km

 dom
ain), dz =

 100 m
R

esults show
n from

 last 4 sim
ulated hours

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)

height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

Standard SA
M

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)

height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

PD
F-SA

M

LES:  dx =
 dy =

 100 m
, dz =

 40 m
2D

 C
R

M
s:  dx =

 800 m
 to 25.6 km

 (102.4 km
 dom

ain), dz =
 100 m

R
esults show

n from
 last 4 sim

ulated hours

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)
height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

40
30

20
10

0
10

20
0

500

1000

1500

2000

2500

3000

3500

4000
H

eat Flux (resolved+SG
S)

height (m)

(W
/m

2)

Standard SA
M

w
�θ

�l

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)
height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

40
30

20
10

0
10

20
0

500

1000

1500

2000

2500

3000

3500

4000
H

eat Flux (resolved+SG
S)

height (m)

(W
/m

2)

Standard SA
M

50
40

30
20

10
0

10
0

500

1000

1500

2000

2500

3000

3500

4000
H

eat Flux (resolved+SG
S)

height (m)

(W
/m

2)

PD
F-SA

M
w

�θ
�l

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)
height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

2
0

2
4

6
8

10
12

0

500

1000

1500

2000

2500

3000

3500

4000
H

eat Flux (SG
S)

height (m)

(W
/m

2)

Standard SA
M

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)
height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

2
0

2
4

6
8

10
12

0

500

1000

1500

2000

2500

3000

3500

4000
H

eat Flux (SG
S)

height (m)

(W
/m

2)

Standard SA
M

50
40

30
20

10
0

10
0

500

1000

1500

2000

2500

3000

3500

4000
H

eat Flux (SG
S)

height (m)

(W
/m

2)

PD
F-SA

M

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)
height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0

500

1000

1500

2000

2500

3000

3500

4000
N

on
precipitating C

loud C
ondensate

height (m)

(g/kg)

Standard SA
M

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)
height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0

500

1000

1500

2000

2500

3000

3500

4000
N

on
precipitating C

loud C
ondensate

height (m)

(g/kg)

Standard SA
M

0
0.002

0.004
0.006

0.008
0.01

0.012
0.014

0.016
0

500

1000

1500

2000

2500

3000

3500

4000
N

on
precipitating C

loud C
ondensate

height (m)

(g/kg)

PD
F-SA

M

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

10
0

10
20

30
40

50
0

500

1000

1500

2000

2500

3000

3500

4000
Liquid W

ater Flux

height (m)

(W
/m

2)

Standard SA
M

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)
height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

R
esolved

W
ednesday, August 4, 2010



Sensitivity to H
orizontal G

rid Size
Precipitating C

um
ulus (R

IC
O

)

10
0

10
20

30
40

50
0

500

1000

1500

2000

2500

3000

3500

4000
Liquid W

ater Flux

height (m)

(W
/m

2)

Standard SA
M

295
300

305
310

315
320

0

500

1000

1500

2000

2500

3000

3500

4000

(K)
height (m)

Liquid W
ater Potential Tem

perature

 

 

LES
800 m
1600 m
3200 m
6400 m
12800 m
25600 m

R
esolved

10
0

10
20

30
40

50
0

500

1000

1500

2000

2500

3000

3500

4000
Liquid W

ater Flux

height (m)

(W
/m

2) PD
F-SA

M
R

esolved +
 SG

S

W
ednesday, August 4, 2010



Sum
m

ary

•
It appears the sim

ple diagnostic PD
F-SA

M
 closure can 

im
prove upon SA

M
 

•
If appropriate am

ount of SG
S T

K
E can be predicted, 

input m
om

ents can be realistically diagnosed

•
PD

F-SA
M

 com
parable results w

ith G
olaz et al. 2002  

•
C

om
putational cost is kept com

parable to standard SA
M

•
T

he real test:  H
ow

 does this schem
e perform

 in the 
M

M
F (forthcom

ing)???

•
C

om
bine w

ith other com
putationally cheap schem

es that 
seek to im

prove SG
S m

om
entum

 fluxes etc.? 
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