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Motivation

Aerosol-cloud interactions are highly uncertain, affecting weather and climate prediction.
While aerosols as CCN influence warm clouds, their impact on deep convective clouds (DCCs)
is less understood. DCCs are crucial for redistributing heat, moisture, and momentum,
impacting regional and global weather with an uncertain radiative effect. Studies have
examined aerosol effects across clean-to-polluted cases, but high baseline aerosol regimes

are underexplored.

— In a polluted regime, how deep into the convective microphysical chain do aerosol

Qerturbations propagate? /
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28.5°N

Precip rate [mm hr1]

km grid spacing. Three simulations

30°N

29.7°N

follow the TRACER-MIP protocol [2]: @ =
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carbonaceous sulfuric IC ensemble (o = 0.01 K)
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Results
®* A 9-fold aerosol perturbation ® Bulk cloud properties are indistinguishable across cases within ensemble noise.
yields only a 1.5-fold ®* The aerosol fingerprint is confined to early microphysical processes: droplet activation
difference in CDNC within and autoconversion (scale with CDNC), and riming (inverse to CDNC).
tracked convective systems, o

with no signal in the domain . . . .
conversion efficiency remains an open question.

Whether the similar ratio of activation to autoconversion across cases implies similar

mean.
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®* Anvil morphology is broadly similar across cases, though the ®* Normalised lifecycle composites show a robust graupel
most polluted case shows a suggestive shift toward fewer, difference, consistent with the riming signal. Liquid, ice,
larger, longer-lived anvils (consistent with riming suppression and snow water paths are within noise, though a possible
reducing efficient precipitation and allowing more delay in their peak is suggested for the most polluted
condensate to spread laterally). case, which may co-occur with the observed differences
in net radiative cooling. The mechanism linking these
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®* The non-monotonic relationship between aerosol loading and net cooling
suggests that the aerosol perturbation does not propagate coherently to anvil-
scale radiative effects. By the time the signal traverses the microphysical chain,

it is sufficiently attenuated that anvil geometry and internal variability become

\ the dominant controls on CRE.
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Summary

Within a highly polluted regime, aerosol perturbations are strongly attenuated at every
step:

®* Aerosol 9-fold =—> (CDNC 1.5-fold === no impact on cloud profiles

®* However, signals confined to activation, autoconversion, and riming.

®* most polluted case: longer anvil lifespans and delay in anvil development (near

ensemble noise!)

Conclusions and outlook

The aerosol perturbation is largely absorbed within early microphysical processes

and does not propagate into convective dynamics, consistent with a buffered, regime-

dependent sensitivity.

This method is essential to recover these sighals and provides a transferable framework

for aerosol-cloud interaction studies in non-idealised, polluted environments.
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