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Macrophysics Concept:

Define the saturation excess s = q,, —q.(T,p).

liquid + vapor mixing ratio A\ A\ saturation mixing ratio at
temperature T and pressure p.

If condensation/evaporation are instantaneous and the shape and
moments of the s PDF are known,

Cloud Fraction = J.;OPDF(S)ds‘ ‘Cloud Mass = J':s PDF(s)ds

Fig: Example PDF from
ASTEX (dots) with
Gaussian fit (line) and
cloud fraction (shaded
area).
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Details:

Define the saturation excess s = q,, —q.(T,p).

liquid + vapor mixing ratio A\ A\ saturation mixing ratio at
temperature T and pressure p.

If condensation/evaporation are instantaneous and the shape and
moments of the s PDF are known,

Cloud Fraction = I;OPDF(s)ds‘ Cloud Mass = J':s PDF(s)ds

Imposes consistency between fraction and mass.

Not new — Sommeria and Deardorf (1977) and Mellor
(1977) proposed very similar parameterizations.

Handling ice independently and subtracting it from the
PDF is new and largely avoids ice supersaturation
problems (but still permits inconsistencies).

Currently choosing PDF width to mimic CAM5




Macrophysics Results I: Summary

Based on 10 yr 2° climo SST_rynsﬂﬁmp eron) @ LLNL
[ e -
1. Our macrophysics scheme incr"ea___s'e‘sj}hrc/)ygh \ut +%

2. buGprodudes a climate

PDF Macro vs Default CAMS

very'simildyto GAMS!
3. Only cloud fraction
$ . |
§ [»  Cloud (all levs) - Changes enough to
p 06 T o warrant further study
2 Land 2m T v
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O wCF . Taylor diagram showing relative standard
i A 0.99 deviation (radial distance), correlation
270mb U % (angle), and RMS error (distance from (1,1
S o os o8 o 13 ) using our macrophysics scheme versus

default CAMS.

Standard Deviatlon



| OBSERVATION SRR AL PDF Macro

RESTOM [ Wm-2] 1.94 2.59
TS 287.7 ( NCEP) 287.7 287.7

SHFLX 19.4 ( JRA25) 18.5 18.5

LHFLX 87.9 (JRA25 ) 86.2 86.9
PRECT 2.61 ( GPCP) 2.9 3.0
PREH20 24.6 (NVAP) 25.8 25.9
CLDTOT 66.8 (ISCCP ) 62.5 58.6
TGCLDLWP 79.9 ( NVAP. Ocean ) 44.5 44.9
SWCF -47.1 ( CERES2) -50.2 -48.3
LWCF 29.9 ( CERES2) 21.9 21.7




Macro Results lll: CLDTOT Climo Maps

CAMS CTL

Total cloud mean= B2.55
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Obs: ISCCP D2

Total cloud mean= 66.68 percent
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CAMS5 CTL - ISCCP D2
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*CLDTOT decreases at high latitudes, improving agreement with obs
*Underpredictioniin storm tracks is increased, resulting in higher RMS.




Macro Results IV: CLOUD Zonal X-Sections
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Macro Results V: Liquid vs Ice.Cloud Frac
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Microphysics: Concept T S
For microphysical process w/ local rate R=x q,:

* CAMS:

— assumes SGS q, variability follows I distn

* Impossible to make consistent with g, or s PDF

e Gaussian PDF:

— Implies q, follows a truncated Gaussian distn

e Implemented as a 1-D table lookup

Issues:

1. Subgrid effects on sedimentation should be added

2. Sequential macro, micro (with substepping), and radiation apply
processes to unnatural states




Microphysics: Results

SCAM results from ARM SGP July 1995 I0P: summertime convection.

PRA, TAMS driver, ove=2 58213870209 PRA, Gouss parasite, ave=2 BRBTA151 3819

Accretion:

192571905 719957 19005- 71065 71 285-7- HRR5-04 Po5-2-2 199571905 71995- 7 1985- 71965 7 1985-7 - i5- B P95-2-2

PRC, CAMS driver, ave=1.43260423267 o 09 PRC, Zauss parasite, ave=1.057 356179 18a-09

Autoconversion:

1995-71995-71995-71905- 7196571085 7- MRS B 195-B-3 1995-71905- 71995 71905- 7196571985 7 - MRS B 19583
note scale change!
MMUCCE, CAMS driver, ave=4. 17401 154355a-13 MHNUCCE, Gouss parasite, ave=4 MMB02837 285e-13

Immersion
Freezing:

1995-71965-T1995- 71585 7 1965- 71 085- 7- BPeS-A-2 o 19495-71985-7 TI905- 71965719857 - RS-0 P95-6-2
(Contact freezing always 0)

sUsing old/new agreement to test for bugs
-% first glance, scheme looks reasonable!




Radiation Subgrid Variability

Vertical alignment of cloud between partially-cloudy cells (aka
cloud overlap) has a huge influence on radiation:

4 ) 4 )

Or
\_ Y, \_ )

CAM uses the Monte-Carlo Independent Column Approximation
(MclICA) to handle overlap. This uses random numbers to choose a
different subcolumn for each radiation k-band.

Issues:

1. Currently handles cloud fraction, but assumes uniform q,

2. Merges convective and stratiform cloud, resulting in unrealistic
cloud properties




Conclusions and Plans:

1. Macro is done, runs 7+% faster, and improves
AMIP climatology

— Only cloud fraction changes significantly (due to
ice-phase... needs exploration)

2. Micro is coded, needs testing
— Sedimentation and process sequencing need work

3. Radiation should use subgrid q, variability

4. Long-term goals include ice-phase PDF and
process-based variance

contact: caldwell19@lInl.gov






Variance Calculation p

PDF width parameterizationyis |mpor .. and hard.

» CAMS5 cloud fraf"uses trlangLR Q.#
haIf-W|dth (6) ‘< Rh... from CAI\YM "

crit -,r’ Rh_;, Profile

o ! 0.8
i 0 +6=0g,and RH_, =7
: — 5:(1_ RHcrit)qs

o H ds

. Currently spoof CAMS by usmg trlangle S
varlgnce " )“J C 3 0.79 0.89

land ocn

-
— Future work=diagnostic, process-based variance.

Our initial goal i%o add PDF consistency with as little'simulation impact as possible



Radiation Subgrid Variability

e CAMS uses.Monte Carloilndepenza t.Column

ApprOXImat/oq}(J\/chCA) )] }'m |

Radiation codes typically compute fluxes as the
sum of calculations for a series of spectral bands

*McICA chooses a different cloud state for each band

* makes summing over bands = Monte Carlo integration
over cloud states.

*noisy for 1 timestep, but quickly damps

eallows for arbitrary cloud overlap

McICA in CAM5:

1. Handles cloud fraction consistently

2. Assumes uniform liquid water content (inconsistent)

3. Merges convective and stratiform cloud, causing unrealistic properties
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