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Fig 1: Probability distribution of effective
climate sensitivity for a doubling of COz in
the CGCM ensemble [°C]. Vertical red lines
indicate each CGCM run. The black curve is
a histogram of bootstrap samples from all
the CGCM runs. The green error bar
indicates the 10-90% range and the best
estimate of the standard model (estimated

using the bootstrap method).
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Fig 2 Probability distribution of SWcld

feedbacks [W/m2/K]. Vertical red lines
indicate each CGCM run. The black curve is
a histogram of bootstrap samples from all the
CGCM runs. The green error bar shows the
10-90% range and the best estimate of the
standard model,

estimated wusing the

bootstrap method.
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Fig 3: (a) Local differences in SWeld
feedbacks [W/m%K] between models with
the 10 lowest (more negative) and 10 largest
(less negative) global mean SWecld feedback
parameters. (b-d) Differences in cloud albedo
feedbacks with cloud top height of (b) high,
(¢) middle and (d) low [%/K]l. We show
significant differences based on =+ 10%
levels of ttests.
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Cess RD, Coauthors (1990) Intercomparison and
interpretation of climate feedback processes in 19
atmospheric general circulation models. J
Geophys Res, 95:16601-16615
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Fig 4: (a) Differences in middle-level cloud albedo [%] between models with the 10 lowest (more
negative) and 10 largest (less negative) global mean SWcld feedback parameters. Black boxes
indicate regions where the Normalized Cloud Index is defined. (b) Differences in precipitation
[mm/day] between the C-CTL runs with the 10 lowest (more negative) and 10 largest (less negative)

global mean SWecld feedback parameters. Black boxes represent regions where the Normalized
Precipitation Index is defined. (c¢) Differences in the standard deviation of the annual mean surface

air temperature [K] between the C-CTL runs with the 10 lowest (more negative) and 10 largest (less
negative) global mean SWcld feedback parameters. The black box indicates the Nino 3.4 region.
These panels show differences that are significant at the 10% level in a £test.



Cess RD, Coauthors (1996) Cloud feedback in
atmospheric general circulation models: An
update. J Geophys Res, 101 (DS8):12791-12794

Collins M, Booth BBB, Bhaskaran B, Harris G,
Murphy JM, Sexton DMH, Webb MJ (2011)
Climate model errors, feedbacks and forcings: a

perturbed  physics  and

ensembles. Clim Dyn

comparison  of
multi-model
36:1737-1766.

Gregory JM, Coauthors (2004) A new method for
diagnosing radiative forcing and climate
sensitivity. Geophys Res Lett, 31:1.03205

Murphy JM, Sexton DMH, Barnett DN, Jones GS,
Webb MJ, Collins M (2004) Quantification of
modelling uncertainties in a large ensemble of
climate change simulations. Nature, 430:768-772

Shiogama, H., M Watanabe, M Yoshimori, T
Yokohata, T Ogura, James D Annan, Julia C
Hargreaves, M Abel, Y Kamae, R O’ishi, R
Nobui, S Emori, Toru Nozawa, A Abe-Ouchi,
M Kimoto (2011) Physics Parameter Uncertainty
and Observational Constraints of Climate
Feedback: An Ensemble of Coupled Atmosphere
Ocean GCM without Flux Corrections. Clim.
Dyn., submitted.

Stainforth, DA, and Coauthors, 2005: Uncertainty
in predictions of the climate response to rising
levels of greenhouse gases. Nature, 433:403-406

Watanabe M, Shiogama H, Yokohata T, Kamae Y,
Yoshimori M, Ogura T, Annan JD, Hargreaves JC,
Emori S, Kimoto M (2011b) Using a
Multi-Physics Ensemble for Exploring Diversity
in Cloud Shortwave Feedback in GCMs. J
Climate, submitted.

Watanabe, M., and Coauthors (2010) Improved
climate simulation by MIROCS: Mean states,
variability, and climate sensitivity. J. Climate,
23:6312-6335

Williams KD, Webb MIJ (2009) A quantitative
performance assessment of cloud regimes in
climate models. Clim Dyn 33:141-157

arrelation=-0 646670

g 0.2 ( a) Y y
T 00
=
;-0.2 -
o
0-04F
3 O
E -06F [n] 'E., b
el
oo 3
% 0.8

-1.0

-0.15  -0.10  -0.05 0.00
Normalized Cloud Index

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2
Normalized Precipitaion Index

Correlation=-0703172

(C)

e o o
Nooo N

o
o

o
0

SWcld Feedback [W/m2/K]
o
~

1
—_
o

0.0 0.5 1.0 1.5
Stdev of Nino3.4 SST

Fig 5: Scatter plots (squares) of SWecld
feedbacks [W/m%K] in the C-CO2 runs and
(a) Normalized Cloud Index [no dimension],
(b) Normalized Precipitation Index [no
dimension] and (c) the standard deviation of
annual mean Nino3.4 SST [°C] in the C-CTL
runs. Black lines are the ordinal least
square regressions. Red lines represent
observations. Red squares are output from
the standard model; blue and green squares
are outputs from models with the minimum

and maximum amplitude of ENSO,
respectively. Red, blue and green triangles
represent 100-yr C-CTL runs of the

standard model and the models with the
minimum and maximum amplitude of
ENSO, respectively.



