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Has warming accelerated over the recent years?

‘Warm blob’ across north Pacific Record warmth in the north Pacific Ocean
Sea surface temperature, compared with 1991-2020 average Average sea surface temperature in July, August and
. September, compared with 1991-2020 average
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The Earth
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Arctic: Declining
snow and ice
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is becoming less reflective
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Northern hemisphere:
Declining cloud
reflectivity (primarily

Trend (Wm™ per decade)

low and middle clouds)

Trend in SW radiation at the top of
the atmosphere (sign switched)
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Clouds are becoming less reflective
over the North Atlantic and Northeast Pacific

Observed CRE and SST linear trends for 2003-2022 (20 years)
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Clouds are becoming less reflective
over the North Atlantic and Northeast Pacific
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Why have marine clouds become less reflective?

First piece of “the puzzle”:
Declining sulfur emissions

SO, emissions (Mtyear™!)
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Why have marine clouds become less reflective?

Aerosol optical depth (decade™?)
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Second piece of “the puzzle”

Declining aerosols

Data: MISR L3 Global Joint Aerosol V002



Why have marine clouds become less reflective?

Cloud droplet number (cm~3decade™?)

Third piece of “the puzzle”:
Loss of cloud droplets

Cloud droplets
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CanAMS5.1-PAM

Canada’s Atmospheric global climate Model ™ "
with specified SSTs and sea ice . \ bin method

Piecewise-Lognormal Approximation (PLA) of
aerosol size distributions (von Salzen, 2006)
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How do aerosols affect the atmosphere and climate?
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Reduced aerosols diminished cloud reflectivity
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Many CMIP6 models appear to underestimate trends
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Global changes from 2010 to 2024 are too large to be explained

by cloud feedbacks alone

* Total effective radiative
forcing (mostly from clouds)
~1.00 Wm—2 decade™

*  Warming feedback
~ 0.35 Wm—2 decade™’

* SST trend: 0.33 K decade™’

Based on a regression analysis,
exploiting interannual CRE and
SST variability

Source: Yukimoto et al. (GRL,
2026), with modifications
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Global satellite-based trends for 2003-2023

Yuan et al., nature communications (in press)
a) Trend of aCRE [W/m?/decade] b) Trend of ERF, [W/m?/decade]
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Northeast Pacific & North Atlantic trends

Simulated vs. observed effective radiative forcing from aerosol-cloud interactions
Data from CanAM5.1-PAM & Yuan et al.
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Conclusions

* Simulated marine cloud reflectivity reductions over the NE Pacific and
N Atlantic between 2003 and 2022 were largely caused by declining
aerosols, likely to continue

* Consistency with recent studies, based on observations

* Few of the CMIP6 model simulations reproduce the large magnitude
and spatial extent of the observed cloud reflectivity loss

* New opportunities to robustly assess aerosol-cloud interactions in
CMIP7 models and impacts on projected warming
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