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INTRODUCTION

Model evidence for the “pattern effect” assumes that global climate
models faithfully simulate how marine clouds respond o varying SST
patterns and associated meteorological perturbations.

We use an observational framework to quantity how marine low clouds
have responded to SST patterns since 1870 and meteorological trends
since ~1980.

METHOD TO CONSTRAIN CLOUD FEEDBACK

Low cloud feedback at each 5° x 5° grid box over 60°S - 60° N oceans =

6 R = unobscured low cloud radiative effect
AR (0,9, t) — 2 OR(0, ¢) dx; (0, $, 1) x; = cloud-controlling factor (CCF) (SST, EIS, etc.)
dT 0x; dT

7= global mean surface temperature
g = latitude, ¢ = longitfude, t = time

Observation-based meteorological cloud radiative kernels developed by Scotit et
—— al. (2020) and applied in Myers et al. (2021). Multi-linear regression of inferannual
0x; monthly anomalies of satellite-derived R on observed x;

Change in cloud-controlling factor with planetary warming. Reanalyses (1980-2018)
dx; & CMIPS AMIP-piForcing experiments (1870-2014) are used to estimate how each
dT CCF has changed historically. Using abrupt4xCO?2 runs to estimate this ferm yields
the feedback from increasing CO, derived by Myers et al. (2021).

MARINE LOW CLOUD FEEDBACK ON TWO TIMESCALES

Constrained by Sat. Obs. and
Meteorological Changes from
ERAS (1980-2018)
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Constrained by Satf. Obs. and
Meteorological changes from
Multiple-reanalysis Ensemble (1980-2018)
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Constrained by Sat. Obs. and
Meteorological Changes from
AMIP-piForcing Experiments (1975-2014)

Simulated by Six GCMs in
AMIP-piForcing Experiments (1975-2014)
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In general, recent historical cloud feedbacks are much more stabilizing than
the long-term teedbacks arising from increasing CO,, especially over eastern
subtropical Pacific.

Hence, the processes responsible for recent historical marine low cloud
changes are distinct from those associated with a long-term increase in CO,,.

Sat. Obs. above = MODIS and CERES
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DRIVER OF RECENT NEGATIVE CLOUD FEEDBACK — INCREASING EIS

EIS-induced Cloud Feedback Constrained by Sat. Obs.
& EIS Trend from ERAS (1980-2018)
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have been driven by
changes in the pattern
of SST and the resulting
iIncrease in EIS.

EIS-induced Cloud Feedback Constrained by Sat. Obs.
& EIS Trend from AMIP-piForcing Experiments (1974-2014)
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NEAR-GLOBAL MULTI-DECADAL FEEDBACKS

I T l l l I

1 40-yr AMIP feedbacks ~40-yr 4xC02 |
0.8 reanalysis feedbacks]
0.0 B feedbacks e
_. 04 2
el 027 + ¢ ®
o ¥ 0 MERRA-2 =
© ERAS =
S0 -0.2 .
9 E -0.4 EtA-I* N
£ 2 .06 + .
~ -0.8 JRAI?ASERRA Mutl ]
-1 —~ GCMs CFSR | reana beslis _
.1.2 - Constrained by MODIS/CERES + eeeee g |
o T 3 | | | | | | | | | =
1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995
window midpoint (yr)
- T l l l [ I r _]
£ 40-yr AMIP feedbacks ;SST ~40-yr 4xC02
0.8 — feedback Tadv reanalysis feedbacks]
0.6 components | RH feedbacks 0 = ]
~ 0N e m A= == =Y VA - - '700 . =~ —
Mo 021 ol S Rl = -
B o SF 3 =
L 02F N
o E .04 N
L =2 .06 —
~ .08 -
1 e —
1.2 .
o T 0 | | | 1 | 1 | | | =

1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995
window midpoint (yr)

Multi-decadal variations in the low cloud feedback constrained by observations
are largely consistent with variations in the feedbacks produced by GCMs
forced by historical SST patterns.

The feedback closely tracks that induced by the evolution of EIS, consistent with
the large negative ElS-induced feedback inferred from reanalyses.

Recent cloud feedbacks are anomalous relative to the previous ~100 years,
consistent with Andrews et al. (2018) and (2022).

CONCLUSIONS

Historical (1980-2018) marine low cloud feedback is negative.

Large increase in inversion strength over eastern subtropical Pacific
induced this feedback.

GCMs forced by historical SSTs reproduce these climate changes

Processes controlling historical marine cloud changes are distinct from
those associated with an increase in carbbon dioxide.
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