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figures. The text provides more details concerning how the spectra were calculated. The
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table lists each model used in the study and the corresponding estimates of Sr and EC'S
from Forster et al. [2013] and Geoffroy et al. [2013], the estimates of Br oua from Forster
et al. [2013] and the amplitudes from the frequency-dependent regressions, averaged over

the 1/2.5 to 1/3 years™! frequency band and w = -10 to 25hPa/day. The first Figure

repeats Figure 2 of the main text, but shows values averaged over the 1/2.5 to 1/5 years™

frequency band. The second Figure shows regressions of the Estimate Inversion Strength
(EIS) onto the Nino3.4 index for six of the models used in the study. The third Figure

shows the phase between 7" and L(w)’, averaged over frequencies of 1/2.5 years™' to 1/3

1

years™ . /

The fourth Figure shows scatter plots of the amplitudes for C(w)’, averaged
between 1/3 and 1/2.5 years™! and w = -10 to 25hPa/day, and the sensitivity estimates
for the models. The fifth Figure repeats the top panel of Figure 4 of the main text, but the
1

regressions are performed using the amplitudes, averaged over frequencies of 2.5 years™

to 3 years™!, for the regressions between 7" and P(w)’.
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Text S1. As in Lutsko and Takahashi [2018], spectra of the model variables were esti-
mated using Thomson’s multitaper method [Percival and Walden, 1993], which is similar
to the more commonly used periodogram method for estimating spectral density. In the
periodogram method, rectangular windows are applied to the data, the power of each
filtered signal is calculated and the resulting estimates are then averaged together to
produce the final estimate of the spectral density. The multitaper method uses a set of
optimal windows (tapers), derived from the discrete prolate spheroid sequences, instead
of rectangular windows, producing an improved estimate of the spectral density. The
number of windows is a free parameter: using more windows reduces the variance of the
estimate, however it also produces more spectral leakage. It was found that using eight

windows produced good estimates for the data.
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Table S1.

The models used in this study and their corresponding fr and EC'S estimates

from Forster et al. [2013] (F13) and Geoffroy et al. [2013] (G13). The fourth column shows the

BFcloud estimates from Forster et al. [2013] and the fifth column shows the amplitudes, averaged

over the 1/2.5 to 1/3 years™! frequency band and w = -10 to 25hPa/day (a).

Model Br (F13)/(G13) | ECS (F13)/(G13) [K] | Ber Wm K] [ @ [Wm 2K~ '5hPa™"]
[Wm—2K~!]

BCC-CSM1-1 -1.14/-1.28 2.82/2.9 -0.07 0.067
BNU-ESM n.a./-0.92 n.a./3.9 n.a 0.038
CanESM?2 -1.04/-1.06 3.69/3.9 0.13 0.046

CNRM-CM5 -1.14/-1.12 3.25/3.2 -0.20 0.008

CSIRO-Mk3-6-0 0.63/-0.68 4.08/5.1 0.23 0.081

FGOALS-s2 -0.92/-0.87 4.17/4.5 -0.48 0.051
GFDL-CM3 -0.7/n.a. 3.97/n.a. 0.48 0.059

GFDL-ESM2G -1.29/n.a. 2.39/n.a. -0.26 0.041

GFDL-ESM2M -1.38/-1.38 2.44/2.5 -0.33 0.038

GISS-ESM-LR -1.79/-2.03 2.11/2.25 -0.48 0.009

HADGEM2-ES -0.64/-0.61 4.59/5.5 0.37 0.050
INMCM4 -1.43/-1.56 2.08/1.9 -0.12 0.039

IPSL-CM5A-LR| -0.75/-0.79 4.13/4.25 0.7 0.058
MIROC5 -1.52/-1.58 2.72/2.8 -0.51 0.012

MPI-ESM-LR -1.13/-1.21 3.63/3.9 -0.04 0.022

MRI-CGCM3 -1.25/-1.31 2.60/2.7 -0.09 0.043

NCAR-CCSM4 -1.23/-1.4 2.89/3.0 -0.16 0.032
NorESM1-M -1.11/-1.15 2.80/3.25 -0.11 0.050
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Thermodynamic Variability
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Dynamic Variability
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to 1/5 years™! rather than 1/2.5 to 1/3 years™'.
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Figure S2. Regression of the Estimated Inversion Strength (EIS) onto the Nino3.4 index in six

of the CMIP5 models, using monthly data. The EIS is computes as: EIS = LTS — I'%59(2790 —

LCL) where LCL is the lifting condensation level, I" is the moist adiabatic lapse-rate, z is the

geopotential height and LT'S is the lower tropospheric stability. All variables are calculated as in

Silvers et al. [2018], and positive values inducate that low cloud cover is enhanced during positive

El Nino events. The boxes highlight regions which have been identified in observations as being

important for stratocumulus clouds [ Wood, 2006].
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Figure S3. As in the middle panels of Figure 2 of the main text, but only showing the phase

between 7" and L(w)’. The individual models are in gray and the ensemble median is shown by

the thick black line.
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Figure S4. Top left panel: scatter plot of the amplitudes for C'(w)" averaged between 1/3 and

1/2.5 years™! frequency and w = -10 to 25hPa/day versus the S estimates. Top right panel:

same for the Sro estimates. Bottom left panel: same for the ECS; estimates. Bottom right

panel: same for the EC'S; estimates.
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Figure S5. As in Figure 4 of the main text but the r? values are now for the amplitudes from

regressions between 17" and P(w)’.
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