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Abstract Understanding the impact of various climate forcing agents, such as aerosols, on extreme
precipitation is socially and scientifically vital. While anthropogenic absorbing aerosols influence Earth's
energy balance and atmospheric convection, their role in extreme events remains unclear. This paper uses
convective‐resolving radiative‐convective‐equilibrium simulations, with fixed solar radiation, to investigate the
influence of absorbing aerosols on extreme precipitation comprehensively. Our findings reveal an
underappreciated mechanism through which absorbing aerosols can, under certain conditions, strongly intensify
extreme precipitation. Notably, we demonstrate that a mechanism previously reported for much warmer
(hothouse) climates, where intense rainfall alternates with multi‐day dry spells, can operate under current
realistic conditions due to absorbing aerosol influence. This mechanism operates when an aerosol perturbation
shifts the lower tropospheric radiative heating rate to positive values, generating a strong inhibition layer. Our
work highlights an additional potential effect of absorbing aerosols, with implications for climate change
mitigation and disaster risk management.

Plain Language Summary Aerosols, particles suspended in the atmosphere, can interact with the
incoming solar radiation by scattering or absorbing it. Aerosol species that absorb solar radiation generate local
warming of the atmosphere. This local warming changes the vertical profile of temperature and by that affects
cloud and precipitation development. In this paper we use idealized computer simulations to investigate the
effect of absorbing aerosols on precipitation, and specifically on extreme precipitation events in the tropics. We
demonstrate that under certain conditions, absorbing aerosols can strongly enhance extreme precipitation even
despite reducing the mean. We show that this trend can be explained by a mechanism previously reported for
much warmer climate conditions than currently found on Earth, involving heating by radiation of the lower part
of the troposphere. These results have implications for climate change mitigation and disaster risk management.

1. Introduction
Precipitation is a fundamental component of Earth's climate system, shaping regional hydrology, ecosystem
dynamics, and human societies. Understanding the intricate processes that govern precipitation is crucial for
addressing water resource management, flood risks, and climate change impacts. Recent research has highlighted
the significant role of aerosols, particularly absorbing aerosols, in modulating the energy budget of the atmo-
sphere and subsequently influencing precipitation patterns (Dagan et al., 2019; Herbert et al., 2021; Liu
et al., 2018; Samset, 2022; Sand et al., 2020; Williams et al., 2023). Absorbing aerosols, such as black carbon
(Bond et al., 2013), possess the ability to absorb solar radiation and alter the vertical temperature gradient (Lu
et al., 2020; Stjern et al., 2017; Wilcox et al., 2016), thereby perturbing the convective dynamics and thermo-
dynamic conditions conducive to precipitation.

Extreme precipitation events, characterized by strong intensity and potential for severe flooding, have garnered
increased attention due to their societal and environmental implications (i.e., (Abbott et al., 2020; Ban et al., 2015;
Emori & Brown, 2005; Pendergrass et al., 2015; Sillmann et al., 2019; Tabari, 2020)). Understanding the un-
derlying mechanisms of extreme precipitation events is essential for adapting to a changing climate where such
events may become more frequent or intense (Allan et al., 2020; Goswami et al., 2006). Recent studies (Fan
et al., 2015; Z. Li et al., 2019; Sillmann et al., 2019; T. Wang et al., 2015) have suggested that absorbing aerosols
can play a non‐negligible role in modulating extreme precipitation events. However, the precise mechanisms
through which absorbing aerosols influence extreme precipitation, and the extent to which they do so, remain
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uncertain. For example, in global climate models, the inter‐model spread of the responses of extreme precipitation
to black‐carbon was demonstrated to be large compared with other external forcings (Sillmann et al., 2019).

Unlike extreme precipitation, the response of global mean precipitation to an absorbing aerosol perturbation is
better understood by the atmospheric energy budget perspective (Allan et al., 2020; Dagan et al., 2019; Liu
et al., 2018; O’Gorman et al., 2012; Sand et al., 2020). According to this perspective, the mean precipitation,
which act to warm the atmosphere by latent heat release, is determined by the ability of the atmosphere to
radiatively cool (with a small contribution from surface sensible heat flux). Thus, an absorbing aerosol pertur-
bation, which radiatively warm the atmosphere, act to reduce the mean precipitation (Dagan et al., 2019; McCoy
et al., 2022; Ming et al., 2010; Myhre et al., 2018; Persad, 2023; Samset, 2022; Sand et al., 2020; Sillmann
et al., 2019; Zhang et al., 2021). It was shown that the energetic argument holds for large temporal and spatial
scales (Dagan & Stier, 2020; Jakob et al., 2019). However, it should be noted that this argument does not provide
specific insights into the temporal distribution of precipitation, thus it is not informative regarding extreme
precipitation responses.

In a seemingly unrelated context to absorbing aerosols, recent research has demonstrated that under hothouse
climate conditions—warmer than our current climate, believed to have existed in the distant history of our planet
—precipitation shifts from the quasi‐equilibrium condition observed today to an “episodic deluge” regime. This
regime is characterized by short and intense outbursts of rainfall separated by multi‐day dry spells (Dagan
et al., 2023; Seeley & Wordsworth, 2021; Song et al., 2023; Spaulding‐Astudillo & Mitchell, 2023).

The transition into the “episodic deluge” regime has been attributed to the radiative effect of water vapor (Seeley
& Wordsworth, 2021). Specifically, under these warmer conditions (exceeding current average surface tem-
peratures by a few tens of degrees), the water vapor concentration in the lower troposphere increases, such that the
water vapor infrared window becomes opaque (Wolf & Toon, 2015; kumar Kopparapu et al., 2016; Popp
et al., 2016; Wolf et al., 2018; Seeley &Wordsworth, 2021). This closure of the infrared window shifts the lower‐
tropospheric radiative cooling, observed in the current climate, into weak radiative warming (Seeley &
Wordsworth, 2021; Wolf et al., 2018). Consequently, lower‐tropospheric radiative heating (LTRH) induces
convective inhibition (Seeley & Wordsworth, 2021; Wolf et al., 2018), initially suppressing convection.
Simultaneously, upper troposphere radiative cooling and surface fluxes work to increase convective instability in
the absence of convection, leading to its gradual accumulation. The instability, measured by temperature lapse‐
rate or near‐surface moist‐static energy (MSE), builds up until latent cooling of the inhibition layer by virga
enables the development of a strong and short‐lived convection event that consumes the instability (Seeley &
Wordsworth, 2021), followed by an additional dry period.

Using radiative‐convective‐equilibrium (RCE) simulations with idealized and prescribed radiative heating rate
vertical profiles, it was shown that LTRH under current tropical sea surface temperature (SST) could also generate
a shift into episodic deluge regime (Dagan et al., 2023; Seeley &Wordsworth, 2021; Song et al., 2023). Hence, it
was speculated that LTRH due to an absorbing aerosol perturbation in the tropics could affect extreme precip-
itation under our current climate conditions (Dagan et al., 2023). This paper aims to examine this speculation and
provide a comprehensive examination of the impact of absorbing aerosols on tropical precipitation in RCE
simulations (which exclude diurnal cycle), with a particular focus on extreme precipitation events.

2. Methods
2.1. Model Description and Experimental Design

The System for Atmospheric Modeling (SAM) version 6.11.8 is used in this study (Khairoutdinov & Ran-
dall, 2003). Smagorinsky's eddy diffusivity model is employed to parameterize subgrid‐scale fluxes, and a 2‐
moment bulk scheme represents cloud microphysics (Morrison et al., 2005). The activation of cloud conden-
sation nuclei (CCN) at the cloud base is parameterized using the vertical velocity and CCN spectrum parameters
(Twomey, 1959). The CCN concentration activated at 1% supersaturation is prescribed to be 200 cm− 3 in all
simulations, that is, we are focusing here only on aerosol‐radiation interactions and not aerosol‐cloud interactions.
In the baseline simulations, which run with interactive radiation, longwave and shortwave radiative fluxes are
calculated using the RRTMG radiation scheme every 5 min (Clough et al., 2005; Iacono et al., 2008; Mlawer
et al., 1997).
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Our simulations adhere to the RCEMIP (RCE Model Inter‐comparison Project) small‐domain protocol (Wing
et al., 2018). Conducted on a square, doubly periodic domain measuring 96 × 96 km2, this size is chosen to
prevent convective self‐aggregation (Muller & Held, 2012). The horizontal and vertical grids follow the RCEMIP
protocol, with a 1 km horizontal grid spacing and 74 vertical levels spanning from 37m to 33 km. A 10s time step
is utilized, and each simulation runs for 150 days, with the final 50 days dedicated to analysis. Trace gas con-
centrations and initial conditions mirror those presented in Wing et al. (2018). Similarly, following Wing
et al. (2018), a fixed‐in‐time solar insulation is used, that is, no diurnal cycle is considered. Three distinct pre-
scribed SSTs are considered: 295, 300, and 305K. Domain mean clouds, precipitation and radiation properties of
these baseline simulations (i.e., excluding aerosol absorption) are presented in Figure S1 in Supporting Infor-
mation S1. In addition, the reader is referred to Lorian and Dagan (2023) for further details about clouds, pre-
cipitation and radiation properties in similar simulations.

2.2. Aerosol Radiative Effect Calculations

To represent the radiative impact of aerosols, we utilize the Max Planck Institute Aerosol Climatology version
2, Simple Plume (MACv2‐SP) parametrization, incorporating vertical distributions and optical property pa-
rameters of biomass‐absorbing aerosols (Stevens et al., 2017). Derived from observations (Kinne et al., 2013),
MACv2‐SP efficiently characterizes spatiotemporal distributions of anthropogenic aerosol optical properties.
This parametrization includes four biomass aerosol plumes situated over North Africa, South America, the
Maritime Continent (around Indonesia), and Central Africa, each featuring a distinct vertical distribution
capturing a spectrum of realistic conditions (Figure 1a). Previous studies have highlighted the influence of the
vertical location of absorbing aerosols on atmospheric responses (Ming et al., 2010; Ban‐Weiss et al., 2012;
Persad et al., 2012; Kim et al., 2015; Z. Wang et al., 2018; Slater et al., 2022). Thus, we employ four realistic
vertical profiles to assess the sensitivity of extreme precipitation responses. To explore the sensitivity of
precipitation to aerosol perturbation, we vary the total aerosol optical depth (AOD) at 0.55 μm across four
levels: 0.1, 0.25, 0.5, and 0.75, encompassing a broad yet realistic range of conditions (Holben et al., 2001;
Kinne et al., 2013).

The MACv2‐SP absorbing aerosol profiles (Figure 1a) serve as the foundation for offline radiative transfer model
calculations using the Santa Barbara DISORT Atmospheric Radiative Transfer (SBDART) model (Ricchiazzi
et al., 1998). The radiative heating rate (RHR) attributed to the introduction of absorbing aerosols is determined
by the difference between simulations conducted with and without absorbing aerosols using SBDART
(Figure 1b).

Specifically, the aerosol RHR is modeled using SBDART's user‐defined spectral dependence mode. The aerosol
single scattering albedo, extinction efficiency, and asymmetry factor are defined at four wavelengths (0.44, 0.67,
0.87, 1.0 μm) and interpolate and extrapolate to the rest of the spectrum (logarithmically for the extinction ac-
cording to Angstrom exponent model and linearly for all others). The model is run for wavelengths ranging from
0.25 to 100 μm in resolution of 0.005 μm. The spectral information is used as heating rates are derived from the
entire spectrum; here we take a data‐driven approach for the representation of the spectral properties, rather than
the analytical equations used by Stevens et al. (2017). The biomass burning aerosol spectral information is taken
from AERONET retrievals (Dubovik et al., 2000) of a biomass burning event that was measured on the Reunion
island (near Madagascar) on the 25th of September 2017, and shows good agreement with the properties reported
by Stevens et al. (2017) for the 0.55 μm wavelength and the monochromatic properties reported by Shi
et al. (2019). The scattering phase function is modeled using the Henyey‐Greenstein approximation, which was
shown to hold very well (and mostly) for biomass‐burning particles (J. Li et al., 2015). The 1D radiation transfer
model is run for a typical tropical atmospheric profile with a solar zenith angle of 55° and a Lambertian spectrally
dependent surface albedo model of seawater built‐in SBDART. Sensitivity tests demonstrate that the effect of
aerosol on the RHR vertical profile only weakly depends on the baseline thermodynamic conditions in the range
examined here. Thus, we use the same radiative calculations to represent the aerosol effect in the different SST
scenarios. We note that the estimated RHR presented in Figure 1b aligns qualitatively in magnitude and vertical
structure with observed RHR profiles from previous studies on absorbing aerosols (Z. Wang et al., 2018; Lu
et al., 2020; Fasano et al., 2021; Cochrane et al., 2022).
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Figure 1. Vertical profiles of: (a) fractional aerosol optical depth (AOD) in various absorbing aerosol plumes, (b) radiative
effects of different aerosol plumes assuming AOD = 0.5, (c) total radiative heating rate (RHR) in simulations with
SST = 300K and AOD = 0.5 for different aerosol vertical profiles, (d) RHR in baseline simulations excluding aerosol
radiative effects under various SSTs, (e) RHR in simulations with different SSTs and AOD = 0.5, assuming the Maritime
Continent vertical profile, and (f) RHR in simulations with SST = 300K, assuming the Maritime Continent vertical profile,
but with different AODs.
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2.3. Integrating SBDART RHR Into RCE Simulations

The vertical profiles of absorbing aerosol radiative heating rates (ΔRHR; Figure 1b) are incorporated into
baseline RHR profiles obtained from RCE simulations with different SSTs and interactive radiation calculations,
excluding aerosol effects (Figure 1d). These modified RHR profiles, now accounting for the aerosol radiative
effect, serve as inputs for RCE simulations with prescribed radiation. Each aerosol plume, originating from a
different geographic location and featuring a distinct vertical structure (Figure 1b), is employed in separate RCE
simulations assuming SST = 300K (Figure 1c illustrates the RHR used in simulations with different aerosol
vertical profiles and AOD = 0.5, as an example). Furthermore, to assess the sensitivity of the results to baseline
SST conditions, simulations are conducted with a single aerosol vertical profile (the Maritime Continent plume)
under three different SSTs (see Figure 1e, for example).

For each aerosol plume and SST condition considered, four simulations are executed with the four AOD levels
mentioned above (see Figure 1f, for example). In total, 27 simulations are conducted, comprising three baseline
simulations under different SSTs, 16 simulations for four different aerosol vertical profiles under four different
AODs and SST= 300K, and eight additional simulations for two additional SSTs with one aerosol vertical profile
(Maritime Continent plume), each using four different AODs.

3. Results and Discussion
We begin our analysis by investigating both the time‐mean and extreme precipitation across various simulations
(Figure 2). As anticipated from the energetic perspective (Allan et al., 2020; Dagan et al., 2019; O’Gorman
et al., 2012), there is a consistent reduction in domain‐ and time‐mean precipitation with an increase in absorbing
aerosol AOD. Surprisingly, despite the decline in mean precipitation, Figure 2 reveals a non‐monotonic trend in
extreme precipitation (defined here as the 99th percentile domain‐mean hourly precipitation; the general results
do not differ for different thresholds within a reasonable range). Specifically, under medium‐high AOD levels
(0.5), extreme precipitation is notably enhanced in the majority of cases examined here, distinguishing it from
other AOD levels.

The occurrence of substantial extreme precipitation without a concurrent increase in the mean precipitation
suggests heightened variability over time. This variability can be quantified using the relative dispersion, denoted
as η, defined as the ratio of the standard deviation to the mean. A recent study has associated a quasi‐steady

Figure 2. Domain‐ and time‐mean, and 99th percentile rain rates as functions of AOD for various simulations. Panels (a–c)
depict simulations using the Maritime Continent aerosol vertical profile under different SSTs, while panels (d–f) show
simulations using different aerosol vertical profiles under SST = 300K. Red markers indicate simulations characterized by
precipitation occurring in episodic deluges (η ≥ 1).
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precipitation regime with η ≪ 1, while an “episodic deluge” regime is characterized by η ≥ 1 (Dagan et al., 2023).
In Figure 2, simulations displaying η ≥ 1 are highlighted with a red marker.

Under an AOD of 0.5, where the lower tropospheric RHR shifts to positive values (Figure 1f), all three examined
SSTs under theMaritime Continent vertical profile exhibit η≥ 1 (Figures 2a–2c), as well as in three out of the four
vertical profiles considered (Figures 2b and 2d–2f). In conditions of the highest AOD (0.75), precipitation is
largely suppressed, leading to a corresponding reduction in extreme precipitation. This behavior aligns with the
energetic perspective, where under high AOD conditions, the vertically integrated RHR approaches positive
values (Figure 1f), preventing precipitation and its associated latent heating.

For relatively low AODs (≤0.25), the aerosol perturbation is insufficient to shift the lower tropospheric RHR
significantly to positive values (Figure 1f), thus preventing the transition to an episodic deluge regime (i.e.,
η ≪ 1). An exception occurs under an SST of 295K and an AOD of 0.25, where η is close to, but smaller than, 1
(=0.9). In this simulation, an increase in extreme precipitation is observed compared to lower AOD conditions
(Figure 2a). This occurs as the RHR in the baseline conditions at the lower troposphere is weaker (i.e., less
negative) under SST of 295K compared with higher SSTs (Figure 1d). Thus, an AOD of 0.25 is sufficient to
transform the lower tropospheric RHR to positive values (Figure S2 in Supporting Information S1), which in turn,
derive the increase in extreme precipitation. These results suggest that the baseline RHR conditions play a role in
the response to absorbing aerosol perturbation.

To gain a deeper understanding of the extreme precipitation response to absorbing aerosols, we delve into the time
series and distribution function of precipitation in simulations conducted with AOD = 0.5 and without aerosol
radiative effect (AOD = 0). This is done for the different aerosol vertical profiles and different SSTs examined
here, as depicted in Figure 3. The figure illuminates how the introduction of absorbing aerosols transforms rainfall
dynamics from a quasi‐steady regime observed under clean conditions, characterized by a relatively narrow
distribution, to an episodic deluge regime, characterized by a much wider distribution with a maximum near zero
and a long positive tail. The episodic deluge regime is characterized by regular, brief, and intense bursts of
rainfall, separated by rain‐free intervals across the entire domain. This regime transition holds for all cases
examined, except for the North African vertical profile (Figure 3d), which demonstrates a general reduction in the
mean precipitation with a shift in the distribution to smaller rain rates under a fixed distribution shape. The North
African aerosol plume, positioned higher in the atmosphere compared to others (Figure 1a), induces warming
concentrated around 3 km height, with minimal impact near the surface (Figures 1b and 1c). Consequently, this
plume does not generate the pronounced inhibition and decoupling observed in other plumes (further details are
provided below; see also Figure 2d).

Figure 3 also highlights that, under the Maritime Continent vertical profile, an increase in SST correlates with a
reduction in the frequency of rain events and an increase in their characteristic magnitude. A recent study has
shown that the period of the episodic deluges can be predicted by considering the time for radiation and re‐
evaporation to cool the lower atmosphere (Song et al., 2023), a factor expected to vary with SST. Further-
more, it has been demonstrated that, even under the same RHR vertical profile, higher SST facilitates a smoother
transition into the episodic deluge regime (Dagan et al., 2023). Additionally, it is worth noting that to maintain the
domain‐mean energy constraint, a decrease in the frequency of rain events should be accompanied by an increase
in their magnitudes.

Figure 4 illustrates the underlying physical processes contributing to the episodic deluge regime in simulations
incorporating aerosol absorption. It highlights that the mechanism identified by Seeley and Wordsworth (2021)
for hothouse climate conditions also operates under the influence of absorbing aerosols in the current climate.
Specifically, as depicted in Figure 4, this oscillatory pattern consists of three main phases, as explained by Seeley
and Wordsworth (2021): the recharge phase, the triggering phase, and the discharge phase.

During the discharge phase, characterized by episodes of heavy precipitation (i.e., exceeding 5 mm hr− 1), the
lower troposphere becomes filled with air having low MSE (see Figure 4e). As the instability is depleted, the
recharge phase begins (defined here to commence when the rain rate falls below 5mm hr− 1). In the recharge phase
the surface is decoupled from the upper troposphere by an inhibition layer (Fan et al., 2015; Slater et al., 2022;
Wilcox et al., 2016), which becomes warmer and more stable with time (Figure 4c) due to radiative heating of this
layer (Figure 1c). This decoupling inhibits surface convection, preventing the ventilation of near‐surface air (Ding
et al., 2016; Slater et al., 2022; Stjern et al., 2023; Wilcox et al., 2016), which accumulates MSE from surface
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fluxes (see Figure 4e). Simultaneously, radiation acts to cool the upper troposphere (see Figure 1c), and in
conjunction with surface fluxes, results in a substantial buildup of convective instability. Over the course of a few
days, this buildup makes the atmosphere highly susceptible to intense precipitation events.

During the triggering phase (defined as the stage in which dθinhibt
dt < 0 K hr− 1 and the rain rate is < 5 mm hr− 1), the

inhibition becomes weaker with time due to evaporation cooling (Seeley & Wordsworth, 2021, Figure 4c). This
cooling is caused by the precipitating water that appears at the mid‐troposphere at the beginning of the triggering
phase (Figure 4b) leading to virga, as was shown in Seeley and Wordsworth (2021). This serves as a trigger,
allowing surface‐based convection to reach the upper troposphere (Figures 4a and 4b), which drives the initiation
of the discharge phase again, lasting for a few hours until enough instability is consumed.

4. Conclusions
Through km‐scale RCE simulations, we explore the impact of absorbing aerosols on tropical precipitation, with a
specific focus on extreme events. Our findings reveal that, under certain conditions, absorbing aerosols can

Figure 3. Time series of the domain‐mean rain rate in different simulations conducted without or with aerosol radiative effect (the different colors). (a–c) Results of
simulations conducted under different sea surface temperatures and with the Maritime Continent vertical profile. (d–f) Results of simulations conducted under different
vertical profiles of absorbing aerosol. The simulations which include the aerosol radiative effect presented here are conducted with an aerosol optical depth of 0.5. The
time mean and extreme (99th percentile) rain rate are presented on the right side of each panel as dots and Xs, respectively. The time mean precipitation of these
simulations also appears in Table S1 in Supporting Information S1, for clarity. The full histogram of rain rates is presented on the right. Note the different y‐axis range in
the different panels.
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significantly enhance extreme precipitation, even while reducing the mean. This phenomenon can be explained by
a mechanism previously reported for much warmer climate conditions than those currently present on Earth,
involving radiation‐induced heating of the lower troposphere. In these conditions, lower‐tropospheric radiative
heating (LTRH) induces convective inhibition (Seeley & Wordsworth, 2021; Slater et al., 2022; Wilcox
et al., 2016; Wolf et al., 2018), while radiative cooling in the upper troposphere heightens convective instability.
The absence of convection, due to strong inhibition and decoupling of the surface layer, allows convective
instability to accumulate, rendering the atmosphere highly susceptible to intense precipitation events. Eventually,
latent cooling weakens the inhibition layer, triggering robust convection and a precipitation event that consumes
the accumulated instability. This cycle repeats, with each precipitation event lasting only a few hours.

The distinction between hothouse climate conditions and the impact of absorbing aerosols lies in the source of
lower‐tropospheric radiative heating (LTRH). In hothouse climates, LTRH is induced by water vapor, affecting
mainly the longwave part of the spectrum. Conversely, in the case of absorbing aerosols, LTRH results from
shortwave absorption by the aerosols. Nevertheless, our findings indicate that the outcomes can be similar in
terms of precipitation distribution.

Our results further demonstrate that for getting an increase in extreme precipitation with absorbing aerosol
perturbation, the perturbation must be substantial enough to shift the lower tropospheric RHR to positive values.
However, it should not be so extreme that the vertically integrated RHR reaches positive values, which would lead
to the complete suppression of precipitation. Moreover, we show that this phenomenon does not manifest when
the aerosols are predominantly located well above the surface, as this warming does not effectively decouple the

Figure 4. Time series of domain‐mean (a) cloud upward mass flux, (b) precipitation water content, (c) potential temperature of the inhibition layer (θinhibt) defined at a
height of 1500m above the surface, (d) surface rain rate, and (e) near‐surface moist‐static energy (MSE). The results presented here are from the last 10 days of a
radiative‐convective equilibrium simulation using the Maritime Continent absorbing aerosol vertical profile with an aerosol optical depth of 0.5 and a sea surface
temperature of 305K.
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surface from the free troposphere. This mechanism, and the characteristics of the rain cycles, also appear to be
sensitive to the baseline SST conditions.

It is important to note that our simulations, which include aerosol radiative perturbation are not directly coupled to
radiation (i.e., using prescribed radiation based on offline radiative transfer calculations). This may introduce
some uncertainties in our findings that should be addressed in future work. In addition, the idealized setup used
here does not include diurnal cycle in the shortwave radiations, which could affect our finding to some degree
(Herbert et al., 2021). Specifically, we speculate that in a more realistic setup, heat that is accumulated during the
day will be counteracted by stronger radiative cooling during the night. However, the idealized nature of this study
facilitates a physical understanding of the underlined processes, which will be examined in the future in more
comprehensive frameworks. Additionally, the fact that we use small domain simulations, the absence of large‐
scale circulation effects and the use of a fixed SST in our simulations should be considered as potential limita-
tions in the scope of our results. These factors warrant further investigation and may refine our understanding of
the relationship between absorbing aerosols and extreme precipitation (e.g., see Dagan et al. (2023) for large
domain simulations of hothouse climate episodic deluges regime). Furthermore, previous studies using global
climate simulations (Dagan et al., 2021; Persad, 2023; Williams et al., 2023) demonstrated that the location of the
absorbing aerosol perturbation matters for the local‐ and global‐mean precipitation response. Thus, it will also be
interesting to examine the response of extreme precipitation to different geographical locations of aerosol
perturbation in global convective‐resolving simulations.

Our results suggest a novel mechanism by which anthropogenic forcing could affect extreme precipitation events.
Extreme precipitation events are of high social and scientific interest due to their destructive potential. Thus, our
results could have impotent implications for disaster risk management.

Data Availability Statement
The model SAM is publicly available in Khairoutdinov (2023). The aerosol spectral radiative properties are freely
available at: https://aeronet.gsfc.nasa.gov. The data used here is take from the measurements conducted at
Reunion island on the 25th of September 2017. The modeled data presented in this study is publicly available in
https://zenodo.org/doi/10.5281/zenodo.10457482 (Dagan & Eytan, 2024).
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