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showed that climate feedback caused by 
changes in snow and ice coverage was sup- 
pressed through use of a fixed sea ice con- 
straint and because the perpetual July simu- 
lations produced little snow cover in the 
Northern Hemisphere. For this reason we 
adopted global averages rather than the 600S 
to 60'N averages used in an earlier study 
(2). 

Several of the 14 GCMs used in the 
intercomparison (designated by acronyms in 
Table 1) have common origins. The GFDL 
II model, relative to GFDL I, includes a 
parameterization for cloud albedo as a finc- 
tion of cloud water content. The CCMO and 
CCM1 are the standard versions (0 and 1) 
of the NCAR CCM, with version 1 contain- 
ing a revised radiation code. The CCM/ 
LLNL GCM is CCM1 with a further solar 
radiation code revision and the incorpo- 
ration of cloud albedos as a fimction of 
cloud water content. The OSU/IAP and 
OSU/LLNL GCMs are two-level models 
that contain modifications to the standard 
Oregon State University GCM. Both the 
numerical technique and the convective ad- 
justment parameterization were revised in 
the OSU/JAP model, whereas the solar radi- 
ation code was revised in the OSU/LLNL 
GCM. The ECMWF GCM, relative to 
ECMWF/UH, has a revised radiation code 
and a smaller (factor of 2) horizontal reso- 
lution. 

All of the models treat two cloud types: 
stratiform (large-scale) and convective 
clouds. Except in the ECMWF and 
ECMWF/UH models, stratiform clouds are 
formed in a vertical atmospheric layer when 
the relative humidity exceeds a prescribed 
threshold value, which varies among models 
for 90 to 100%. The models then either 
prescribe the cloud cover in their respective 
grid areas, which vary in size from 2.80 by 

Table 2. Summary of climate sensitivity parame- 
ters for the perpetual July simulations; X, is the 
clear-sky sensitivity parameter. 

I 
x, Model (K m2 W-1) (K m2W1) W /- C 

CCC 0.39 0.42 0.93 
ECMWF 0.40 0.57 0.70 
GFDL II 0.45 0.46 0.98 
CSU 0.50 0.46 1.09 
OSU/LLNL 0.52 0.48 1.08 
MRM 0.60 0.47 1.28 
GFDL I 0.60 0.48 1.25 
UKMO 0.61 0.53 1.15 
CCM1 0.70 0.43 1.63 
CCM/LLNL 0.76 0.49 1.55 
LMD 0.90 0.42 2.14 
OSU/IAP 0.90 0.44 2.05 
ECMWVF/UH 1.11 0.47 2.36 
CCMO 1.11 0.45 2.47 
Mean 0.68 0.47 
SD 0.24 0.04 
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2.80 to 50 by 7.5? in latitude by longitude, or 
calculate it as a function of relative humidity. 
In the ECMWF and ECMWF/UH GCMs, 
vertical velocity and lapse rate are also used 
as cloud predictors. 

The procedure for convective clouds is far 
less consistent. The CCC, the two GFDL, 
and the three CCM GCMs generate convec- 
tive clouds in the same way as they generate 
stratiform clouds. However, the fraction of 
the grid area that is covered by convective 
cloud varies from 30 to 100% among these 
models. In the remaining models a param- 
eterization is used that relates the convective 
cloud fraction to the convective precipita- 
tion rate. 

In the intercomparison of climate sensitiv- 
ity parameters, there was a nearly threefold 
variation in the global sensitivity parameter 
(Table 2), but excellent agreement in the 
clear sensitivity parameter. These clear val- 
ues are also consistent with our conventional 
interpretation of water-vapor feedback as 
discussed above. These results suggest that 
the substantial disagreements in global sen- 
sitivity can largely be attributed to differ- 
ences in cloud feedback. Understanding this 
point requires definitions of cloud feedback 
and cloud-radiative forcing. Cloud feedback 
has been discussed for roughly two decades, 
but there is considerable uncertainty as to its 
meaning; it has often been confused with 
cloud-radiative forcing, whereas it is actually 
related to a change in cloud-radiative forc- 
ing. 

Cloud-radiative forcing refers to the radi- 
ative impact of clouds on the earth's radia- 
tion budget as determined at the TOA. 
Denoting this impact as CRF, and letting 
the subscript c refer to clear-sky fluxes, then 

CRF=Fc-F+ Q-Qc (4) 

In this definition CRF is positive when 
clouds produce a warming of the surface- 
atmosphere system. Combination of Eqs. 1, 
2, 3, and 4 then yields 

X/Ac = 1 + ACRF/G (5) 

where ACRF is the change in cloud-radia- 
tive forcing as induced by the change in 
climate and Xc is the clear-sky climate sensi- 
tivity parameter (Table 2). 

Conceptually cloud feedback should be 
related to a change in cloud-radiative forc- 
ing, as illustrated in Eq. 5. In the absence of 
cloud feedback (that is, ACRF = 0), the 
global sensitivity parameter equals that for 
clear skies. In turn, a departure of X/XC from 
unity is a measure of cloud feedback, and a 
A/AC > 1 denotes a positive feedback. Cloud- 
radiative forcing for Earth's present climate 
is a measurable quantity; the Earth Radia- 
tion Budget Experiment (ERBE) is current- 
ly producing this information (10). 

1.2 

,' am 

0. 8 
0 

0.6 

0.4 At 

0.2 
-0.4 0 0.4 0.8 1.2 1.6 

ACRF/G 

Fig. 1. The global sensitivity parameter X plotted 
against the cloud feedback parameter ACRFIG for 
the 14 GCM simulations. The solid line repre- 
sents a best-fit linear regression. 

Equation 5 provides a convenient means 
of understanding why cloud feedback is the 
primary cause of the intermodel variations 
in global climate sensitivity. A scatter plot of 
X versus the cloud feedback parameter 
ACRF/G for the 14 GCMs (Fig. 1) clearly 
shows that the intermodel differences in 
global climate sensitivity are dominated by 
their corresponding differences in ACRF/G: 
the points scatter about a regression line that 
is consistent with Eq. 5. The scatter results 
from the relatively minor intermodel differ- 
ences in the clear sensitivity parameter. This 
analysis thus supports the suggestion that 
cloud-climate feedback is a significant cause 
of intermodel differences in climate change 
projections. 

The GFDL I and II models provide a 
direct means of appraising a specific cloud 
feedback component attributed to cloud op- 
tical properties. In GFDL II the cloud albe- 
dos are dependent on cloud water content, 
whereas in GFDL I these albedos are pre- 
scribed. Because cloud water content 
should, on average, increase as the climate 
warms, producing a related increase in cloud 
albedos, GFDL II should have, relative to 
GFDL I, a negative cloud feedback compo- 
nent (12). The global sensitivity parameter 
for GFDL II is 25% less than that for 
GFDL I (Table 2), consistent with this 
expectation. 

A similarly straightforward argument 
does not, however, apply to the CCM1 
versus CCM/LLNL models, for which the 
latter also incorporates cloud albedos that 
are dependent on cloud water content. An 
inspection of the output of these two GCMs 
shows, like the GFDL comparison, that 
CCM/LLNL contains, relative to CCM1, a 
negative solar cloud feedback component. 
But unlike the case for GFDL I and II, this 
negative feedback is compensated for by a 
positive cloud-amount feedback. The net 
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AMIP & AMIP4K
Cloud Fraction profiles
in subsidence regimes



AquaControl & Aqua4K 
Cloud Fraction profiles
in subsidence regimes



‣ Aquaplanets capture climate response of Earth-like 
configurations for most models.

‣ Cloud adjustment is generally smaller than the cloud 
response to SST+4.

‣ SST+4 response narrows PDF of ω500 enhancing 
importance of weak subsidence cloud response.

‣ Thermodynamic term in 0 > ω500 is most important 
for most (not all) models/configurations. (SW effects)

‣ Shallow cumulus remain the most likely source of 
model disagreement in cloud response.

‣ NEXT: 
‣ simulator output to compare fraction/optical depth changes
‣ organize subsidence by LTS
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