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Recent reductions in aerosol emissions have increased Earth's energy imbalance
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Supplementary Figure 1. Same as in Figure 1a in the main manuscript except that deseasonalized
monthly values (ensemble mean for each model) rather than yearly values are shown. The black thin
dotted line shows the CERES trend for January 2001 — June 2023 while the thick dotted lines show the
January 2001 — December 2019 trends.


mailto:oivind.hodnebrog@cicero.oslo.no

Version 2024-02-21

All forcings evolving (BASE)
Trend
(Wm2dec):
1F 0.66+0.29
0.52

0.44+0.30
0.43

0.361+0.31
0.34+0.21
0.24+0.12

——CERES
= PMEL OHC
Model mean
= CESM2
——ICON-HAM
NorESM2
HadGEM3
— GFDL

o
(9]
T

1.5 ‘ ‘ |
2005 2010 2015 2020

Supplementary Figure 2. Same as Figure 1a in the main manuscript except that annual ocean heat
content (OHC) data from the Pacific Marine Environmental Laboratory (PMEL)! have been added as
anomalies (thick solid orange line) and trend (thick dashed orange line), and that data are only shown for
2005-2019 and without individual ensemble members for the models.
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Supplementary Figure 3. Comparison of the global mean deseasonalized monthly 2001-2019 trend in
top-of-atmosphere net, shortwave (SW) and longwave (LW) downward radiative flux between CERES and
the CESM2 model run with both CMIP6 emissions (assuming SSP2-4.5 from 2015 onwards) and the
newer (version April 2021) CEDS aerosol emission inventory that goes until 2019. SW and LW trends are
shown separately for all-sky, clear-sky and the cloud radiative effect. Boxes represent the 90% and 66%
confidence intervals and white dots show the mean of individual ensemble member trends. Grey shading
shows the 5-95% confidence interval for CERES.
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Supplementary Figure 4. Evaluation of the seasonal cycle of net (EEI; top), shortwave (SW; middle) and
longwave (LW; bottom) fluxes at the top-of-atmosphere in each of the models’ BASE experiment (mean
of ensemble members) against CERES observations for the period 2001-2019. «Model mean» is the
average of CESM2, ICON-HAM, NorESM2 and HadGEM3. Correlation coefficients (r) between CERES and
models are shown in the legend.
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Supplementary Figure 5. Same as Figure 2 in the main manuscript except for a SW clear-sky, b SW cloud
radiative effect (CRE), ¢ LW clear-sky, and d LW CRE.
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Supplementary Figure 6. Timeseries of effective radiative forcing (ERF) and their trend over the 2001-
2019 period given for different anthropogenic and natural forcings, from the Intergovernmental Panel on
Climate Change (IPCC) Assessment Report 6 (AR6)2.
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Supplementary Figure 7. Comparison of the global mean deseasonalized monthly 2001-2019 trend in
top-of-atmosphere net, shortwave (SW) and longwave (LW) downward radiative fluxes between GFDL
simulations within RFMIP3, The different bars show the trend due to natural forcings (ERFnat; experiment
piClim-histnat), greenhouse gas forcing (ERFgng; piClim-histghg), aerosol forcing (ERFaero; piClim-histaer),
and all forcings (ERF,y; piClim-histall). ERF, is shown both for the RFMIP simulations and the “AM4 PSST
ERF” minus “AM4 PSST” (equivalent to BASE-ALL2000) simulations. Boxes represent the 90% and 66%
confidence intervals and white dots show the mean of individual ensemble member trends (3 ensemble
members for RFMIP and 20 members for BASE and ALL2000).
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c) LW all-sky upward d) LW clear-sky upward
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Supplementary Figure 8. Comparison of the 2001-2019 trends between models and CERES a SW all-sky,
b SW clear-sky, c LW all-sky, d LW clear-sky, e net all-sky and f net clear-sky, and MODIS g aerosol optical
depth, h total cloud fraction and i liquid water path. Note that trends in SW and LW radiative fluxes (a-d)
show upward radiation, and therefore have positive values when more radiation is sent back to space,
while net radiation fluxes are positive downward.
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Supplementary Figure 8 cont.
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Supplementary Figure 8 cont.
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Supplementary Figure 9. Comparison of the global mean deseasonalized monthly 2001-2019 trend in
top-of-atmosphere net, shortwave (SW) and longwave (LW) downward radiative fluxes between a
CESM2 simulation where both anthropogenic and biomass burning aerosol emissions have been kept
constant and one where only anthropogenic aerosol emissions have been kept constant. SW and LW
trends are shown separately for all-sky, clear-sky and the cloud radiative effect. Boxes represent the 90%
and 66% confidence intervals and white dots show the mean of individual ensemble member trends.
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Supplementary Figure 10. Comparison of the global mean deseasonalized monthly 2001-2019 trend in
top-of-atmosphere net, shortwave (SW) and longwave (LW) downward radiative flux differences
between NorESM2 simulations ANTHRO2000-ALL2000, showing the trend due to natural forcings
(ERFnatural), and BASE-ANTHRO2000, showing the trend due to anthropogenic forcings (ERFanthro). SW and
LW trends are shown separately for all-sky, clear-sky and the cloud radiative effect. Boxes represent the
90% and 66% confidence intervals and white dots show the mean of individual ensemble member
trends.
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Supplementary Figure 11. Box plot showing the 90% and 66% confidence intervals of the difference
2019-2001 in the ERF of anthropogenic aerosols from separate experiments using 2000 climatology
(“constant”) compared with the difference BASE-AERO2000 (“transient”), split into net, SW all-sky and
LW all-sky. In the left plot, all possible combinations of ensemble members were used for the BASE
minus AERO2000 difference, while in the right plot, box plots were based on BASEn01 minus
AERO2000n01, BASEN02 minus AERO2000n02, ..., BASEn20 minus AERO2000n20. Black rectangles
indicate that differences between simulations are statistically significant (p<0.05) based on a two sample
t-test.
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