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Multiscale Modeling Framework
(Grabowski 2001; Khairoutdinov and Randall 2001)

+ ACRM is embedded at each grid
column (~100s km) of the host GCM to

represent cloud physical processes
+ The CRM explicitly simulates cloud- Iw j||||||||m'lll
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GCM column

scale dynamics (~1s km) and llillll|||l|lﬁ|lﬁl CRM column
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+ Periodic lateral boundary condition for
CRM (not extend to the edges) A Global Climate Model grid column
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64 CRM columns X 4 km = 256 km

Upgraded CRM with a third-order turbulence closure (IPHOC):

+Double-Gaussian distribution of liquid-water potential temperature, total water mixing
ratio and vertical velocity

+Skewnesses, i.e., the three third-order moments, predicted

+All first-, second-, third- and fourth-order moments, subgrid-scale condensation and

buoyancy based on the same PDF %
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Motivation

SPCAM with higher vertical resolution in the low troposphere or
SPCAM with IPHOC (SPCAM-IPHOC) at coarser resolution?
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Simulations

+ SP-12L: 12 levels below 700 hPa (enhanced) with SPCAM model.

+ IP-6L: 6 levels below 700 hPa (standard vertical resolution) with
SPCAM-IPHOC model;

+ IP-12L: 12 levels below 700 hPa (enhanced) with SPCAM-IPHOC,;

All simulations were performed for 2 years and 3 months. The last two
years are analyzed.

The following slides, except for zonal means, are arranged as:
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Annual-mean surface preC|p|tat|on

90N

60N
30N

308 -
60S

90S -
0 60E  120E 180  120W  60W 0 0 60E  120E 180  120W  60W 0

c) mean= 2. 86 rms—l 3263 corr= 0. 8738 d) mean= 2. 68

90N

60N
30N

308 -
60S -

90S -
0 60E  120E 180  120W  60W 0 0 60E  120E 180  120W  60W 0




Annual- mean low-level cloud amount
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Vertical cross section at 15° S, MMF vs. C3M
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Northern Pac. transect (GPCI) cloud fraction (%)
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Northern Pac. transect (GPCI) liquid+ice content
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Zonal-mean cloud amounts, MMFs vs. C3M
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Zonal and seasonal means, MMFs vs. C3M
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TOA and surface energy imbalances
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Summary and conclusions

SPCAM with 12 level below 700 hPa (SP-12L) produces a
global low-cloud amount nearly identical to that of SPCAM-
IPHOC with 6 level below 700 hPa (IP-6L), but smaller than
IP-12L and C3M observations.

Vertical structures of low-level clouds are improved with higher
vertical resolution for both SP-12L and IP-12L.

Similar to conventional GCMs, SPCAM produces optically
thicker clouds to compensate for the lack of cloud areas (low,
high and total); cloud radiative forcings are overestimated, but
both TOA SW and LW fluxes are underestimated.

All simulations have various amounts of energy imbalances at
TOA and surface, which should be fixed for long-term and/or
coupled model simulations.

SP-12L would be ideal for coupled model simulations due to its
improvement in low cloud simulations, compared to the .~
N@andard resolution SPCAM. N




