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Code for decomposing the shortwave effective radiative forcing from aerosol-cloud interactions (SW ERFaci) from
liquid clouds into components associated with the Twomey effect and LWP and CF adjustments is provided along
with the associated SW cloud radiative kernel. The provided environment.yml file should enable the creation of a

conda environment that allows the notebook to be executed. httpS //g |th u b .CO m/b randond ura n/
modis cloud radiative kernels




Aerosol-Cloud Interactions
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Aerosol indirect effects are the largest contributor to uncertainty in'Historical climate



New MODIS CRK Method for Diagnosing ERFaci

(a) ALiquid-Cloud Fraction (%] (b) SW Liquid-Cloud [Wm~2/%]
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Radiative kernels quantify changes to TOA radiative fluxes in
response to a climate forcing



New MODIS CRK Method for Diagnosing ERFaci

(a) ALiquid-Cloud Fraction [%]
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New MODIS CRK Method for Diagnosing ERFaci

(b) SW Liquid-Cloud
Radiative Kernel
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IWP [gm™2]

Teaser: We can do the same with ice clouds!

(a) Alce-Cloud Fraction (b)
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SW ERFaci Diagnosis
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(c)

LWP adjustment (-0.22 Wm~2)

Stippling: models™:

disagree on sign
(d)

CF adjustment (-0.09 Wm~2)
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(c)

r1.25

r0.25

The good: GCMs agree on the major
spatial patterns of the Twomey effect
and total aerosol forcing

Best agreement in highly
industrialized regions and their
outflows
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Twomey effect
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The bad: CF adjustment is noisy,
models disagree on a cooling or
warming

Models don’t agree on magnitude!
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Mean State Biases
- the joint histogram as Large “undetermined”

an observable phase bias
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Use Case: Constraining components of ERFaci

0.0 0.0
A r2=0.89 2003-
R r?=0.87 2014
—0.11 SR -
N . +\ ™
\* Y .
E=fi2 [
: .
= E
= = =
— —0.3 a9 F-0.3 &
? & z
© - Iz
0n
> —0.4 o -0.4 >
() ‘ T
= ©
: =
=-05] @ E3smv2 -0.5 3
4 MIROC6-DP
A MIROC6-PP
—0.61 W NorESM2 ® - t—0.6
€ CESM2
— MoDIS "
-0.7 - : : , : >4 —0.7
18 20 22 24 26 28 30

nudged liquid-cloud fraction [%]



Substantial spread in ERFaci linked to
mean-state cloud biases

Spatial pattern of Twomey effect shows
agreement across models

Computationally efficient quantification of
individual components of ERFaci



Mean State

Biases - the joint
histogram as an
observable
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