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Each column of GCM has a CRM

 Multi-scale Modeling Framework (MMF): SP-CAM 

Run a copy of Cloud-Resolving Model 
(CRM; a.k.a. ‘Super-Parameterization’) 

in each column of a General Circulation Model (GCM)
(we use NCAR Community Atmosphere Model - CAM)

 
•                      

Total number of CRMs: 8,192
2-D CRM Domain: 32-64 columns (dx=4km) 

and as many levels as the GCM (L30)

Super-parameterization is a small-domain cloud-resolving model that explicitly 
computes vertical profiles of tendencies due to sub-GCM-scale processes in 
response to GCM-grid-scale forcing



Prototype-MMF (SP-CAM) Research

• Simulations available for analysis/diagnostics/research
• AMIP (Prescribed sea surface temperatures), 19 years
• Climatological SST, Present, 4 years
• Cess’ Present+2K, 4 years
• 2xCO2 SST from a CCSM run, 4 years
• Weather-forecasting mode - CAPT framework 

• Sensitivity studies
•Short runs, few months to 1-2 years
•Microphysics (ice)
•CRM domain/grid configuration
•Host GCM grid resolution

• Framework Improvements
• Cloud model high-order closures for unresolved scales
• ‘Mini-LES’ cloud resolving model for shallow clouds
• Microphysics 

• Offline CRM runs
• Software Improvements

• MPI-only version of SP-CAM which runs on more processors than number of 
latitudinal circles



Pure-MPI MMF

Based on work done for standard CAM GCM by Patrick Worley (ORNL)

Dynamical core (SLD or EUL only) is run on different number of processes 
than column physics

Maximum number of MPI processes for dynamics still = number of 
latitudes (64 for T42; 128 for T85)

Maximum number of MPI processes for physics = number of grid columns 
(8192 for T42; 32,768 for T85)

Communication is still done for the GCM grid fields; each CRM core 
memory is local to a host MPI process

Bottom line: Pure-MPI version of MMF may scale well on BlueGene/L



MMF MPI performance on Blueice
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Figure 1. The annual zonal-mean  changes in SWCF (blue), LWCF (red), and net cloud 

forcing (black) between the SP-CAM +2K and control runs.  The interannual standard 

devation of the mean net cloud forcing change (see text) is plotted in yellow.  
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Figure 2. Changes in SWCF (blue), LWCF (red), and net cloud forcing (black) sorted by 

500ω -bin between the +2K run the control run for 30S-30N. The x-axis is stretched 

proportional to 500ω  -bin population. The interannual standard deviation of the mean net 

cloud forcing change is plotted in yellow.  
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Figure 3. (a) Control run and (b) changes with +2K SST of cloud liquid-water + ice-water 

path and cloud fraction sorted by monthly mean 500ω for 30S-30N.  

Wyant et al (2006, GRL)

Cess-type SST+2K climate sensitivity experiment

Zonal-mean Cloud Forcing Changes 
as a function of latitude

CF in Tropics sorted by 500-mb vert. velocity
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SST is uniformly increased by 2K. The control simulation was run for 3.67 years and the 

+2K simulation for 5.25 years, with the first 6 months considered as spin-up and 

therefore discarded from the analysis in each case. 

 

 

 

 

Results 

 

Following C89, we calculate the climate sensitivity of the model by computing the 

change in top-of-atmosphere atmospheric radiative fluxes due to the imposed climate 

perturbation. The climate sensitivity parameter λ is defined by the equation  

 
s

T Gλ∆ = , (1.1) 

where
s

T∆ is the global mean change in surface temperature and G is the change in global 

mean outgoing radiation. Using annual mean values for 
s

T∆  and G in SP-CAM, λ = 0.41 

K W
-1

 m
2
. We have performed similar +2K perturbation experiments with CAM 3.0 with 

a semi-Lagrangian dynamical core, CAM 3.0 with an Eulerian dynamical core, and with 

the GFDL AM2.12b. These have λ’s of 0.41, 0.54, and 0.65 respectively; SP-CAM is 

about as sensitive or less sensitive than these GCMs. In fact, SP-CAM has only slightly 

higher climate sensitivity than the least sensitive of the models presented in C89 (The 

C89 λ values are based on July simulations).   

 

As was the case in C89 and C96, the climate sensitivity of the SP-CAM model relative to 

other models can be largely explained by changes in cloud radiative forcing. The other 

primary processes that affect the climate sensitivity, i.e. the water-vapor, lapse rate, and 

ice-albedo feedbacks, vary less between models. The zonal mean relative humidity in SP-

CAM, similar to the aforementioned GCMs, increases or decreases by less than 5% (RH) 

throughout the troposphere except near the tropopause. The SP-CAM clear sky sensitivity 

parameter (as defined in C89) λc = 0.61 K W
-1

 m
2
, as compared with 0.62, 0.66, and 0.64 

for the semi-Lagrangian CAM, Eulerian CAM and GFDL models, respectively. Thus the 

clear sky differences among the models are not a primary factor in the  λ differences. 

d(LWCF)= 0.17 W/m2 d(SWCF)= -1.94 W/m2

Km2W-1

d(CF)= -1.77 W/m2

climate sensitivity parameter

SubsidenceAscend

Bony diagram
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PDF of the 500 mb pressure vertical velocity in the Tropics (30oS - 30oN)
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Spectrum of precipitation rate in the Tropics (30oS - 30oN)
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Spectrum of column-integrated water vapor (PW) in the Tropics (30oS - 30oN)
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Spectrum of Longwave cloud forcing (LWCF) in the Tropics (30oS - 30oN)
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Spectrum of Shortwave cloud forcing (SWCF) in the Tropics (30oS - 30oN)
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Spectrum of Cloud radiative focing (CRF) in the Tropics (30oS - 30oN)
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Spectrum of Low-cloud fraction (LC) in the Tropics (30oS - 30oN)
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Spectrum of High-cloud fraction (HC) in the Tropics (30oS - 30oN)
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PDF of Mid + High cloud fraction (MHC) in the Tropics (30oS - 30oN)
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CAM PDF biases don’t seem to depend on type of dynamical core or resolution.
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Sensitivity of low-cloud fraction to number of vertical levels



SP-CAM

SP-CAM + MiniLES

“LES”: dx=250m

Preliminary experiment with a second CRM (‘MiniLES’) to model low-level clouds
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[Goodman et al., 1988; Thomas et al., 2000; and unreported
analysis of data presented by Boccippio et al., 2001b]. A
minimum cutoff value of 140 (arbitrary units) was estab-
lished for this metric as the most tolerant filter level that
removes clearly SAA-related radiation noise; this value is
the same used in the validation and science studies of
Boccippio et al. [2000a, 2000b, 2001a].
[18] Orbital precession of the OTD instrument relative to

the Sun was accounted for when determining the flash rate
for the globe. Flash rates computed from OTD data will

contain a strong diurnal bias if the data are not smoothed
over 55 day intervals. A period of 55 days is required for the
OTD instrument to observe most locations on the Earth at
least once in each (local) hour of the diurnal cycle due to the
precession of the satellite’s orbit around the Earth’s polar
axis. Since lightning activity is more frequent during the late
afternoon hours, the slow, but constant, orbital precession of
the satellite relative to the Sun significantly biases flash
rates derived from brief subsets of OTD data. Annual cycles
presented in this paper are constructed by summing all

Figure 4. The annualized distribution of total lightning activity (in units of fl km!2 yr!1).

Figure 5. Mask used for land (gray)/ocean (white) and zonal and meridional band definitions, as used in
this analysis (Figures 7, 8, and 9). Elevation contoured every 500 m.

CHRISTIAN ET AL.: GLOBAL FREQUENCY AND DISTRIBUTION OF LIGHTNING ACL 4 - 5

(From Christian et al , JGR 2003)

Observed Annual Number of Lightning per km2

Lightning as a proxy for Land vs Maritime Deep convection intensity?

SP-CAM: CRM maximum velocity 
SP-CAM: CRM proxy for electrification rate

ice upward flux times snow/grauple sedimentation flux 



Prototype-MMF (SP-CAM) Research

• Simulations available for analysis/diagnostics/research
• AMIP (Prescribed sea surface temperatures), 19 years
• Climatological SST, Present, 4 years
• Cess’ Present+2K, 4 years
• 2xCO2 SST from a CCSM run, 4 years
• Weather-forecasting mode - CAPT framework 

• Sensitivity studies
•Short runs, few months to 1-2 years
•Microphysics (ice)
•CRM domain/grid configuration
•Host GCM grid resolution

• Framework Improvements
• Cloud model high-order closures for unresolved scales
• ‘Mini-LES’ cloud resolving model for shallow clouds
• Microphysics 

• Offline CRM runs
• Software Improvements

• MPI-only version of SP-CAM which runs on more processors than number of 
latitudinal circles


