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Multiscale Modeling Framework (MMF)
(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-

GCM column

scale dynamics (~1s km) and CRM column
pI’OCGSSES Ob.r:ervaﬁnns
. . .. 64 CRM col 4km =266 km
+ Periodic lateral boundary condition for irstdel M
CRM (not extend to the edges) (3 X RS OR  COA)

An 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 4+
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Objectives for MMF climate simulation

+ to improve the simulation of low-level clouds in the SPCAM MMF

+ to evaluate and compare the performance of MMF simulations against state-
of-the-art observations

MMF models and observational data

« SPCAM-IPHOC-hires with finite-volume dynamic core (1.9°x2.5°); doubling
the number of levels below 700 hPa (6 to 12); 10-yr run

« C3M (CloudSat, CALIPSO, CERES, MODIS) observations

o SSM/l observations, ERA Interim reanalysis

« GPCP

« CERES EBAF (Energy balanced and filled) TOA & surface fluxes




Low-level Cloud Amount from SPCAM-IPHOC

a) mean= 40.5 ms=14.4182 corr=0.7978 p) mean= 41.5 rms=13.1957 corr=0.7650
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Annual cycle of Low-level Cloud Amount and LTS

from SPCAM-IPHOC and ISCCP
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Surface precipitation rate (Obs.. GPCP)

IP-12L mean=2.9 rms=1.80 IP-12L mean=3.3 rms=2.13 IP-12L mean=3.3 rms=2.65 [P-12L mean=29 rms=1.83

GPCP mean=2.2 corr=0.78 GPCPmean=2.5 corr=0.79 GPCP mean=2.8 corr=0.87 GPCPmean=2.5 corr=0.90
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Low Cloud Amount (Obs.: Cloudsat/CALIPSO)

IP-12L mean=47.9

rms=10.84 IP-12L mean=45.6 rms=12.39 [P-12L mean=49.1 rms=15.83 IP-12L mean=50.8 rms=14.57
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LWP & PBL depth (Obs.: SSM/I & ERA Interim)
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TOA SW cloud radiative effects (Obs.: CERES)

[P-12L mean=-63.0 rms=20.20 IP-12L mean=-56.4 1ms=19.62 IP- 12L mean=-37.1 tms=20.63 IP-12L mean=-65.8 rms=23.7
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Sfc LW cloud radiative effects (Obs.: CERES)

IP-12L mean=23.9 rms=6.24 [P-12L mean=22.3 rms=8.01 IP-12L mean=26.5 rms=11.24 IP-12L mean=26.8 rms=9.94
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Relationships with RH (@1000 hPa) and LTS

RH at 1000 hPa (%)

RH at 1000 hPa (%)
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Relationships with RH (@1000 hPa) and PBL Hgt
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Summary

 The seasonal variations in the eastern Pacific are realistically
simulated to a great extent, but the locations of maximum cloud
centers are more equatorward than in observations

* The relationships of low clouds with large-scale variables (RH at
1000 hPa, LTS and PBL height) agree with the observations in
the low cloud deck regions




Sfc SW cloud radiative effects (Obs.: CERES)

[P-12L mean=-68.9 rms=21.47 IP-12L mean=-61.3 mms=21.56 IP-12L mean=-62.5 tms=22.63 IP-12L mean=-72.8 1ms=26.20
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TOA LW cloud radiative effects (Obs.: CERES)

IP-12L mean=23.1 rms=6.93 [P-12L mean=25.8 rms=8.39 IP-12L mean=23.1 rms=8.71 IP-12L mean=22.5 rms=6.34

I ' 1 ! 1 ! 1
EB[}F rnea1|1=22.3 corr= (.90

1 T - ' - -
140w 120W  100W  80W 140W 120w 100W  80W 140w 120w 100W  80W 140W  120W  100W  80W

T I | | |
10 20 0 4Q 060 70 __ _




Low Cloud Amount & LTS (ERA Interim)
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