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Most versions of SP models have not been optimally tuned
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SPCAMS3.0 is surprisingly well-tuned

A newer model = a better tuned model



Tuning is inc
models

reasingly important for existing and emerging SP

SP models are getting more useable:

- several promising versions already exist

- computa

lonal resources keep expanding

- accelera

lon techniques are being suggested

e.g. reduced CRM set up (Pritchard, Bretherton, and DeMott, 2014)
time scale separation (Jones, Bretherton, and Pritchard, 2014)

- UP (ultra-parameterization) models are under development

It’s unclear

what are tuning knobs in SP models




Scale coupling frequency as a tuning parameter in SP models?

Scale coupling frequency (fscae) ~ 1/(timestep of GCM)

Cloud physics isolated within
a GCM bOX fOI’ T< 1/fsca|e

CRM grids embedded within
a single GCM grid box

GCM grids / ¥ ==

Multiple CRMs feeding back with
GCM dynam|CS fOI’ T > 1/fsoa|e



Model timestep known to be important in GCMs
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CAM4
1340 resolution
dtime: 5, 20, 40 min



Model timestep known to be important in GCMs
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GCM At >> 7 of deep/shallow convective parameterizations
(5min) (60min and 30min)

==> excessive precipitation (e.g. grid point storms)



Model timestep known to be important in GCMs
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GCM At >> 1 of deep/shallow convective parameterizations
(5min) (60min and 30min)

==> excessive precipitation (e.g. grid point storms)



Simulation setup

Model: SPCAMS3.0
CRM setup: Micro-CRM (4km x 8)
Control simulation: dtime = 1800 [s]

Experiment simulation:  dtime = 600, 900, 3600 [s]

Simulation length: 10 years
SST: prescribed



Striking quasi-linear thermal and SWCF responses

to increased scale coupling frequency
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Reversing key biases introduced by reduced CRM domain

[Pritchard, Bretherton, and DeMott (2014)]
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Reversing key biases introduced by reduced CRM domain

20S-20N 50E-200E temperature bias [Pritchard, Bretherton, and DeMott (2014)]
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Liquid clouds systematically become less dense and less bright

as scale coupling frequency increases

SWCF [W/mZ] cloud water [g/m?]
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Liquid clouds systematically become less dense and less bright

as scale coupling frequency increases

SWCF [W/mZ] cloud water [g/m?]
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Liquid clouds systematically become less dense and less bright

as scale coupling frequency increases

dtime1800
(control)

dtime600
- control

dtime900
- control

dtime3600
- control

SWCF [W/m?]

a) control (dtime1800) : Shortwave cloud forcing (W.

b3 ¥ oy
5 ‘s & 8,
Y s i‘\
Y 5 i
~
D HER,. iy
< 5 1 ]
\ \ B
- b i
2l N b : AN
o < o p i
. '] Y . oo 3 R
d N WS OoE o .
j i
¥ 3 LR
¥ ) 3 )
¥ N Sl £
- ] ® | |} " p f i ¢ /
S ), - N . 2
Y Ty e O e N 7

-100

-150

20

10

-10

-20

20

10

-10

-20

20

10

-10

-20

cloud water [g/mZ2]

a) control (dtime1800) : Total Cloud water from CRM (g/‘@

b) dtime600 minus control (dtime1800)

P

d) dtime3600 minus control (dtime1800)

=

s W

300
250
200
150
100
50

40

20

-20

-40

40

20

-20

-40

40

20

-20

-40

precipitation-binned
cloud water relative frequency

Cloud water from CRM (g/kg): dtime1800
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High clouds reduce with scale coupling frequency

but this response is weaker and more complex

LWCF [W/m?2] cloud ice [g/mZ?]

a) control (dtime1800) : Longwave cloud forcing (W. a) control (dtime1800) : Total Cloud ice from CRM (g/m2
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High clouds reduce with scale coupling frequency

but this response is weaker and more complex

precipitation-binned
cloud ice relative frequency

Cloud ice from CRM (g/kg): dtime1800

LWCF [W/m?2] cloud ice [g/mZ?]
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SWCF response seems consistent with reduced CRM throttling

Pritchard, Bretherton, and DeMott (2014)’s hypothesis:

Artificially throttled deep convection by trapped subsidence

Typical CRM array (4km x 32) Reduced CRM array (4km x 8)

AESEREAE dES S 1]1

Reduced CRM domain
-> stronger subsidence
-> preventing ventilation
-> too much liquid cloud
-> too strong SWCF



SWCF response seems consistent with reduced CRM throttling

Pritchard, Bretherton, and DeMott (2014)’s hypothesis:

Artificially throttled deep convection by trapped subsidence

Typical CRM array (4km x 32) Reduced CRM array (4km x 8)

AESEREAE dES S 1]1

CRM is not a closed system
This artifact is corrected by GCM’s large scale dynamics

More frequent scale coupling = more ventilation — less liquid cloud



LWCF response is new and mysterious

LWCF
response

Zonal mean cloud forcing
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Similar to GCMs, rain intensity tail amplifies

Amount distribution of precipitation
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Similar to GCMs, rain intensity tail amplifies

Amount distribution of precipitation
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Similar to GCMs, rain intensity tail amplifies

Precip (150-225, 15S-15N)
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No single mode of tropical organization dominates the rain

intensity change
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No single mode of tropical organization dominates the rain

intensity change
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Scale coupling frequency is an interesting tuning parameter for

superparameterized models (with caution)

Zonal mean cloud forcing
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Appendix A: SPCAM3 vs. CAM3

SPCAMS3.0, T42, At=10, 15, 30, 60 min CAMS3, T63, At=60, 20, 5 min
(Mishra and Sahany, 2011)
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Appendix B: CRM mass flux statistics

(Scale coupling frequency experiment) (CRM domain experiment
SPMC (indopacific) by Pritchard et al, 2014)
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Appendix C: Precipitation std dev

dtime600 - GPCP dtime900 - GPCP dtime1800 - GPCP dtime3600 - GPCP

standard deviation [mm/day]



