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Abstract. During the last decades, extreme wildfires have injected large amounts of biomass-burning aerosols in the strato-
sphere. Partly composed of carbon, these aerosols absorb incoming solar radiation, inducing changes in the atmosphere’s
energy balance, and can self-loft to altitudes higher than 30 km, with an increased residence time of several months. In this
study we estimate the radiative forcing of stratospheric aerosols from the Australian New Year Super Outbreak (ANYSO)
in 2020. We first model individual self-lofting plumes from the Pacific Northwest Event (PNE) in Canada in 2017 and from
ANYSO to constrain the aerosols’ optical properties. We use observations to track them and model their heating rates. For the
PNE plume a Single Scattering Albedo (SSA) of 0.95 is the best estimate to compute the heating rates, as well as a SSA of
0.90 - 0.95 for the ANYSO plume. Cloud cover and geometrical thickness of the plume have a crucial impact on these compu-
tations. We then compute the direct radiative forcing of Southern Hemisphere aerosols injected in the stratosphere by ANYSO
in 2020. Cloud cover has a crucial impact on those forcings, especially at the top of the atmosphere (TOA) where it makes
values ranging from negative (clear-sky) to positive (all-sky). The global TOA radiative forcing of stratospheric aerosols from
ANYSO over 2020 was evaluated at 0.08 to 0.19 W.m? in all-sky, and -0.17 to -0.12 W.m? in clear-sky. The surface radiative
forcing estimate is -0.04 to -0.06 W.m? in all-sky and -0.29 to -0.24 W.m? in clear-sky.

1 Introduction

During the last couple of decades, intense pyrocumulonimbus (PyroCb) activity was observed during extreme wildfire events
(Fromm et al. (2010); Peterson et al. (2025)). In some of these cases, stratospheric injections of biomass burning aerosols
by PyroCb were observed (Christian et al. (2019); Khaykin et al. (2020)), and the mass of aerosols injected in the strato-
sphere sometimes reached levels comparable to medium-size volcanic eruptions (Peterson et al. (2018)). Black carbon and
organic carbon being part of the composition of the biomass-burning aerosols, they absorb incoming solar radiation and lo-
cally warm the atmosphere. The temperature changes induced by these injections in the stratosphere can cause local vorticity
anomalies, leading to parts of the plume to become vorticized (Smoke Charged Vortices (SCVs), Allen et al. (2020); Khaykin
et al. (2025)), increasing their residence time in the stratosphere, aerosol concentration and optical thickness (Kablick III et al.
(2020); Lestrelin et al. (2021)). This absorption of the solar radiation can also uplift the SCVs in the atmosphere by diabatic
heating. This process called self-lofting has been observed (Boers et al. (2010); de Laat et al. (2012)), with SCVs injected at
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15km self-lofting up to 35km, with a time residency in the stratosphere of several months (Allen et al. (2020); Khaykin et al.
(2020)).

The global radiative forcing of these stratospheric injections has been studied, but the wide variety of assumptions made
in the different studies make these results difficult to compare. For the PNE (Pacific Northwest Event which corresponds to
Canadian fires in the summer of 2017), Das et al. (2021) found, for the stratospheric aerosol injections, a global, all-sky, SW
(shortwave) radiative forcing (RF) of -0.03 W.m~?2 at TOA (Top Of the Atmosphere), Christian et al. (2019) found 0.02 W.m 2
and Lee et al. (2023) found 0.196 W.m~2. For the ANYSO (Australian New Year Super Outbreak), Heinold et al. (2022) found
a SW TOA RF of 0.37-0.5 W.m~ 2 in all-sky conditions, while Khaykin et al. (2020) and Sellitto et al. (2022) respectively found
-0.31 and -0.35 W.m~? in clear-sky conditions. The discrepancies between these different results are caused by the different

assumptions made regarding the composition of the aerosols, the radiative models being used, or the presence of clouds.

In this study we aim at computing the global radiative forcings of the stratospheric injection by ANYSO over 2020. To do
so we first want to better understand the composition of the aerosols and their radiative properties, as well as the impact of
various background parameters involved in the radiative transfer, including cloud cover and surface albedo. The remote sens-
ing methods used to observe these stratospheric aerosols are not yet able to precisely quantify their absorption properties and
uncertainties remain. To tackle this issue, several studies have considered external mixing and tried to constrain the organic
carbon to black carbon ratio of these aerosols, with consistent values in the range of OC/BC=2-3% (Yu et al., 2019; Torres
et al., 2020; Das et al., 2021; Yu et al., 2021; Guimond et al., 2023; Lee et al., 2023). Before computing radiative forcings we
will first use well-observed self-lofting SCVs to constrain the optical properties of the aerosols. Having access to the heating
rates observed for these SCVs, can we reproduce them using radiative transfer modeling tools ? If so, which SSA allows us to
better represent the observed heating rates ? Having studied these individual well-identified self-lofting plumes, we then apply

our method to compute the global radiative forcings of the stratospheric aerosols injected by ANYSO in 2020.

In Section 2, we present the studied datasets as well as the radiative methodology used to model the self-lofting of the SCVs
and the radiative forcings of stratospheric aerosols. We present our results in Section 3 where we first compute sensitivities of
the heating rates to different parameters to understand the impact of microphysical properties of the aerosols on the self-lofting
process, as well as that of the environment of the plumes. We then present heating rates values computed both in clear-sky and
all-sky conditions, and discuss the range of SSA values derived for each case. We then use a global dataset of observations for
stratospheric aerosols in 2020 to estimate the global radiative forcing of the injection by ANYSO, both in clear-sky and all-sky
conditions. We also present the radiative forcings computed for an individual SCV. In Section 4 we summarize our results and

present some perspectives going forward.
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2 Datasets and method
2.1 Observations by CALIOP and OMPS-LP : tracking the plumes from PNE and ANYSO

In this section we focus on the particular cases of self-lofting SCVs to acquire a better understanding of important parameters
at stake in the radiative process of self-lofting, and to better constrain the optical properties of the stratospheric aerosols (SSA).
The studied cases presented here are from the PNE and ANYSO events, as they are two of the most documented cases of
PyroCb stratospheric injections of aerosols.

The Pacific Northwest Event occured during the 2017 summer fire season, during which several PyroCbs injected smoke into
the stratosphere, for a total aerosol particle mass of 0.2 Tg (0.1 - 0.3 Tg according to Peterson et al. (2018) and 0.18 - 0.35 Tg
according to Torres et al. (2020). The aerosols were injected at 13 km (Khaykin et al. (2018); Christian et al. (2019); Yu et al.
(2019)), travelled the Northern Hemisphere with parts of them self-lofting for several months, and high amounts of smoke were
observed in the lower stratosphere for more than 4 months (Peterson et al. (2018)).

The Australian New Year Super Outbreak occured in December 2019 and January 2020, caused by record breaking wildfire
and pyroCb activity. Two distinct outbreaks happened on December 31 (phase 1) and January 5 (phase 2), with phase 1 inject-
ing 0.2 - 0.8 Tg (Khaykin et al. (2020); Peterson et al. (2021)) which is 2 to 3 times higher than the PNE injection, and phase
2 injecting 0.1 - 0.3 Tg. In phase 1, aerosols were injected at 15 - 16 km (Kablick III et al. (2020); Khaykin et al. (2020)), part
of which were observed to rise for 3 months up to 35 km.

From these two wildfire events, we focus on self-lofting SCVs in the stratosphere (in the following we will either call these

SCVs or just plumes). We focus on the main self-lofting plume from PNE, and the main plume from ANYSO.

To track the two SCVs we use the method described in Khaykin et al. (2020), based on observations by CALIOP (Winker

et al. (2010)) and OMPS-LP (Jaross et al. (2014)). The Ozone Mapping and Profiler Suite Limb Profiler (OMPS-LP) on
the Suomi National Polar-orbiting Partnership (Suomi-NPP) satellite, measures limb-scattered sunlight, from which aerosol
extinction profiles and ozone number density profiles are retrieved. The Cloud-Aerosol Lidar with Orthogonal Polarization
(CALIOP) is a lidar on board the CALIPSO mission that provides high-resolution vertical profiles of aerosols and clouds in
the troposphere and low stratosphere. In this study we use the aerosol profiles from both CALIOP/OMPS-LP to track the SCVs
and compute their SAOD (Stratospheric Aerosol Optical Depth) and geometrical thickness, as well as position and potential
temperature.
Fig. 1 top panel shows the trajectories of the two plumes. The PNE plume’s tracked trajectory (blue circles) starts at 14 km
above northern Canada on August 16"" 2017. The plume then travelled the Northern Hemisphere for 3 months, going to lower
latitudes towards Europe and the Himalaya during the first month and then staying in the 20-30°N latitude band, travelling
westward. It self-lofted up to 24 km in 3 months. The ANYSO plume’s tracked trajectory (red squares) starts above New-
Zeland on January 37¢ 2020. It then travelled the Southern Hemisphere for 3 months in the 25-60°S latitude band, self-lofting
from 15km to almost 32 km, with its top going over 35 km.

Altitude, potential temperature and integrated SAOD of the SCVs are shown on the lower panel of Fig. 1. The optical thickness
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of PNE’s plume is initialy high at 0.6, but decreases steeply during the first month of ascension, resulting in a decreasing
heating rate 6 over time. For the ANYSO plume, the initial SAOD is comparable at 0.4, but then decreases more slowly, with

a constant heating rate (in terms of potential temperature), df/dt = O~5 K.day~!.
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Figure 1. Trajectories (top panel) of the two main SCVs from ANYSO (red) and PNE (blue) events. The start/end of both trajectories are
indicated, as well as the number of days of tracking. In the lower panel, altitude (top plot), potential temperature 6 (middle plot) and in-plume

optical thickness SAOD at 550nm (bottom) along the trajectories of the plume is also shown.

2.2 Optical properties of the aerosols

95 To be able to compute the heating rates of each case we need to know the optical and microphysical properties of the aerosols
: in our case the refractive index as well as the size distribution. The parameters we use were measured by Ohneiser et al.
(2020a) and Ansmann et al. (2021) for ANYSO, when it passed over Chile in 2020, and by Hu et al. (2019) for PNE, as it
went over France in 2017. In both cases, these properties were obtained by ground-based, multi-wavelengths Raman lidars.
The properties we use are shown in Table. 1, and as can be seen the uncertainties on the imaginary part of the refractive index

100 are quite high, and lead to relatively large intervals of SSA values. In the rest of this study and to allow for better comparisons,



105

110

115

https://doi.org/10.5194/egusphere-2026-2006
Preprint. Discussion started: 22 May 2026 G
© Author(s) 2026. CC BY 4.0 License. E U Sp here

we will use the range [0.01,0.04] for the imaginary part of the refractive index in both cases. In sections 2.3 and 2.4 we show
how heating rates vary for this range, as well as study their sensitivity to the mean radius of the size distribution.

For these computations, we suppose the refractive indexes of the aerosols to be spectrally constant, and we use them prior
to the radiative computations to determine the SSA and asymmetry parameter of the aerosols, using a Mie routine. The SSA
and asymmetry parameter used in the heating rates computations are spectrally dependant (shown at 550nm in Table 1). These
properties are assumed to be constant over time, as we assume the plumes’ chemical composition to remain stable after a

couple days after the injection (Ansmann et al. (2021)).

Case ANYSO PNE
Size distribution mean = 0.3 um mean = 0.24 um
(log normal parameters) std =1.26 std =1.36
Re(refractive index) 1.48 1.55
Im(refractive index) 0.01-0.03 0.01 -0.04

Single Scattering Albedo
SSAs50 range 0.95-0.86 0.95-0.83

Assymetry parameter

2550 Tange 0.74 - 0.78 0.70-0.74

Reference Ansmann et al. (2021) Hu et al. (2019)

Table 1. Aerosol optical and microphysical properties used in this study. SSA and assymetry parameters were computed with a Mie routine

using the size distribution and refractive indices.

2.3 Radiative modeling

To constrain the SSA values of the aerosols for each studied case, we model the plumes’ heating rates 0 with the radiative mod-
eling tool ARTDECO (Atmospheric Radiative Transfer Database for Earth Climate Observation model developed and main-
tained at the Laboratoire d’Optique Atmosphérique (LOA), distributed by the data center AERIS/ICARE (http://www.icare.univ-
lille1.fr/projects/artdeco) which uses the one-dimensional discrete model DISORT (Stamnes et al. (2000)) as a radiative solver,
as presented in Fig. 2. For each plume, we use the tracked trajectory obtained from observations, aerosol optical parameters
shown previously, as well as various datasets to take into account the environment of the plume : collocated ERAS atmospheric
profiles (Hersbach et al. (2020)), extended up to 120km by the AFGL standard profiles (Anderson et al. (1986)), and MODIS
datasets for the underyling cloud cover (product MCDO6COSP, Team et al. (2022)) and surface albedo (product MCD43C3,

Schaaf et al. (2002)). For each computation, the radiative model is used twice, in the longwave ([4, 500um]) and shortwave
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([0.2, 4um]). Five atmospheric gases are taken into account , H,O, O3, O3, CO2 and CHy, with k-distributions for their optical
properties. The radiative computations are made hourly, with the corresponding local zenithal angle. A similar method was
used by Ohneiser et al. (2020b) and Sellitto et al. (2022). The daily heating rate T (in terms of temperature) is computed as
T = dT/dt = dF/dz X Dgqay/(pair X Cp,air), Where dT'/dz is the net radiative heating rate in the plume layer, Dgq,, is the
duration of a day in seconds, pg;, is the air density and ¢, 4, is the air heat capacity. The heating rate in terms of potential tem-
perature is then § = 7' x (Py/P)/¢r.eir =T x (Py/ P)%286, where R is the specific gas constant of the air. In the following,

heating rate will refer to 6.

ERAS5 MODIS
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Figure 2. Methodology used to compute the plumes heating rates with the radiative model ARTDECO using the DISORT scheme. DZ is the

geometrical thickness of the plume. See text for more details.
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3 Results

In this section we present the results obtained with the radiative model presented above. We first show how different parameters
can influence the self-lofting process, then discuss how different values of the SSA of the aerosols impact their heating rates.

We then compute the global radiative forcings of the ANYSO stratospheric injection of 2020.
3.1 Parametric sensitivities

Several parameters have a significant impact on heating rates computations (Ohneiser et al. (2020a)). Fig. 3 shows the para-
metric sensitivity corresponding to some of them in the case of the ANYSO plume. Heating rates were computed for a base
case (same orange line in all panels) with SSA = 0.9 (Im(refind)=0.02), all-sky conditions, geometrical thickness DZ = 10 km,
and mean radius of the size distribution r, = 0.3 um. For each panel a different parameter was changed to show the sensitivity
of the heating rates. Top left panel shows the impact of all-sky conditions on the heating rates compared to clear-sky (blue line)
: an underlying bright surface such as clouds reflects part of the incoming solar radiation back to the plume, increasing the
heating rate compared to a darker surface. In our case this corresponds to an increase of 2 K.day~!. The geometrical thickness
DZ of the plume is also a crucial parameter to compute the heating rates : for a given SAOD, changing DZ has a direct linear
impact on the heating rates, as the shortwave flux absorbed by the plume will heat an atmospheric layer of height DZ. Top
right panel of the figure shows that going from a constant DZ = 10 km to 5 km (blue line) almost multiplies by 2 the computed
heating rates. In this study we find that this parameter has the largest impact on the heating rates. We also study the water vapor
anomaly inside the plume compared to the stratospheric background (bottom left panel). It was measured 3 times higher in
the ANYSO plume (Khaykin et al. (2020), written as H2Omulti = 3 in the figure bottom left panel, with H20multi = 1(blue
line) corresponding to no water vapor anomaly (for the PNE plume it was measured at H2Omulti=2). This parameter can also
impact the computed values of the heating rate, as the anomaly in water vapor inside the plume increases its longwave outgoing

radiation, cooling it and reducing the heating rate, which corresponds to a difference of 1 K.day !

in this case. The impact
of the mean radius 74 of the size distribution of the aerosols is shown in the bottom right panel. For a given refractive index,

reducing the mean radius from 0.4 pum to 0.2 um increases the SSA from 0.87 to 0.91, hence reducing the heating rates.
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Figure 3. Parametric sensitivities of the heating rate 0 for the ANYSO plume. Studied parameters are clouds (top left), geometrical thickness
DZ of the plume (top right), water vapor anomaly inside the plume (bottom left) and mean radius of the aerosols’ size distribution (bottom

right). The base case (in orange) is the same in each panel.

3.2 Heating rates and discussion

In this section, the cloud cover is taken into account, as well as water vapor anomaly and surface albedo. The size distributions

150 used for each case are shown in Table. 1. The heating rates are then computed for different values of the imaginary part of the

refractive index, corresponding to different values of the SSA. Computed heating rates are shown on Fig. 4 for the ANYSO

plume (left) and the PNE plume (right). For each case, a dotted line shows the observed heating rates 0, derived from the
potential temperature profiles of Fig. 1.

For both cases, the expected SSA range allows us to compute heating rates close to the observations. For the ANYSO

155 plume the computed heating rates are similar to the observed ones but with a slightly different trend : observed heating rates

are constant, when heating rates computed with a constant SSA decrease with time, as the optical depth of the plume also

decreases. Overall, an SSA of 0.90 to 0.95 allows for the best reproduction of the observed heating rates. An SSA varying

with time could be considered to tackle the trend discrepancy, from an initial SSA of 0.95, decreasing to about 0.90 over time.

This would mean relaxing the hypothesis of constant optical properties, with aerosols getting darker over time during this

160 3 months period. Given a constant refractive index, such a change of SSA could also be caused by an evolution in the size
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Figure 4. All-sky heating rates computed for different values of SSA for the ANYSO plume (left) and the PNE plume (right).

distribution of the aerosols, and we suggest there could be a growth of the aerosols’ mean radius. Indeed, as shown previously
in Fig. 3, aerosols’ growth causes a decrease of their scattering efficiency at considered wavelengths, and thus leads to lower
SSA, which could help stabilizing the heating rates over time. More work would be required to study this aspect which goes
beyond the scope of this paper. For the PNE plume the most accurate SSA we found with this method is 0.95. The steep
decrease of the SAOD during the first month after the injection is causing a similar trend for the observed heating rate, well
reproduced in the computations. To conclude, we found our method is able to broadly reproduce the observed heating rates for
the two studied plumes within the range of expected optical parameters, but observational uncertainties on key parameters (the
geometrical thickness of the plumes and the evolution of the aerosols’ SSA and size distribution) prevent us for now to reach

higher precision. Our best estimates for the SSA of the SCVs’ aerosols based on these results is 0.95 for PNE and 0.90 - 0.95
for ANYSO.

3.3 Global radiative forcings of stratospheric aerosols from ANYSO

In this section we compute the global radiative forcings of stratospheric aerosols for the year 2020. The ANYSO event from the
Australian wildfires of late December 2019 and early January 2020 was the only major stratospheric injection in the Southern
Hemisphere (SH), and we present here our estimates for its global radiative impact over 2020.

The dataset used here is stratospheric aerosol extinction vertical profiles for 2020, at a monthly resolution and zonally
averaged with a 1 degree resolution in latitude. It was obtained from OMPS-LP (Jaross et al. (2014)). Fig. 5 top-left panel
shows the monthly-zonal mean integrated SAOD (at 550nm) over the Southern Hemisphere for 2019-2020. The annual mean
SAOD for 2020 is 0.02 and is mostly due to ANYSO’s injections in late December 2019 - early January 2020, with a continuous

decrease during the following year. The radiative model used in this section is the same as previously. Like before, underlying
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180 clouds are taken into account. On average over 2020 and for SH, the total cloud fraction is higher than 50% at all latitudes,
especially at latitudes higher than 40°S where most of the SAOD from ANYSO was injected. For the Southern Hemisphere

the annual average of the cloud cover is 63%.
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Figure 5. Top panel shows the global SAOD at 550 nm computed from OMPS-LP extinction profiles, for 2019 and 2020 in the Southern
Hemisphere. Bottom panels show computed radiative forcings : at TOA (left) and at the surface (right). Radiative forcings were computed in

all-sky conditions with SSA = 0.90 for the aerosols (Im(refind)=0.02).
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We compute the radiative forcings at the surface and at TOA, for ANYSO aerosols in the Southern Hemisphere as :

R, ;= (FANYSO,¢ B FANYSO,T) B (Fbkg,¢ B Fbkg,T)

surf surf surf surf
_ pbkg,t ANY SO,
RFroa=Froy —Froa

with F being the radiative flux. F**9 indicates the computation was made only with the background aerosols, that are
assumed to have the same extinction coefficient profiles as in 2019 : kppg = ke (2019,¢,2). On the other hand FANYSO
indicates that the computations were made with the same background aerosols, as well as the aerosols injected by ANYSO,
with their extinction profile kanyso = kext(2020,¢,2) — kert (2019,¢, 2) . For the ANYSO aerosols the radiative properties
used are the same as in the previous section. For the background aerosols and similarly as done by Duchamp et al. (2023)
and Sellitto et al. (2025), we consider background aerosols to be droplets of a H2SO4/H20 mixture at a weight proportion of
70%, which corresponds at 213K to a refractive index of 1.44 + i10~6 (Biermann et al. (2000)). The size distribution of the
background aerosols is taken as a log-normal distribution with mean radius r4 = 0.07 um and a standard deviation of oy = 1.86
(Sellitto and Legras (2016)).

Fig. 5 bottom panels show the SH all-sky TOA (left) and surface (right) radiative forcings computed for SSA = 0.90
(Im(refind)=0.02). For the RF at TOA we find positive values, with a local SH annual mean of 0.38 W.m~2, as the aerosols’
absorption reduces the cloud albedo effect, hence warming the atmosphere. For the surface RF we find negative values, with a
local SH annual mean of -0.12 W.m~2, which is due to the SW albedo effect of the aerosols, a lesser radiative flux reaching the
surface in their presence. On a global scale (both hemispheres) this results in a RF at TOA of 0.19 W.m~2, and at the surface
of -0.06 W.m~? from the stratospheric aerosols injected by ANYSO in the SH. For both radiative forcings, the effect of the
aerosols is larger in February when the optical extinction is at its peak.

Since the computations shown here are made offline (not a part of a GCM), the quick adjustment of the stratospheric temper-
atures triggered by the shortwave heating of the aerosols is not taken into account, which makes the radiative forcings shown
here direct (or instantaneous). The effective radiative forcing (ERF) at TOA is expected to be lower due to the stratospheric
temperature adjustment causing LW cooling. According to Smith et al. (2018); Liu et al. (2022); Shine et al. (2022) this effect
can be of the same order of magnitude than the SW RF at TOA itself. In the next sections, we discuss the impact of different

SSA values on the radiative forcings, the effect of clouds, as well as comparisons with global values found in the literature.
3.3.1 Top Of the Atmosphere radiative forcing

Fig. 6 top left panel shows the global TOA RF of the aerosols injected by ANYSO in the stratosphere over 2020. Results are
shown for different SSA values, in all-sky (solid lines) and clear-sky (dotted lines). The values are averaged globally, showing
the effect of SH SAOD on the energy balance at the top of the atmosphere. In clear-sky conditions (dotted lines), all values are
negative, due to the albedo effect of the aerosols : compared to the cloud-free surface, the presence of the aerosols is reflecting
more solar radiation towards space. This effect is based on the scattering of light by the aerosols and is larger at higher SSA
values (SSA = 0.90 in orange and SSA = 0.95 in yellow). In all-sky conditions (solild lines), the effect is positive, as the

aerosols’ absorption of solar radiation reduces the albedo effect of clouds. The effect is larger for more absorbing aerosols with
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lower SSA values (SSA = 0.86 in red, and SSA = 0.83 in black). In the previous section, we found an SSA between 0.90 and
0.95 was best to model the heating rates of ANYSO’s main SCV. For these SSA values of 0.90 and 0.95, the annual mean
global RF at TOA is respectively 0.19 W.m~2 and 0.08 W.m~2 in all-sky, and -0.17 W.m~2 to -0.12 W.m~2 in clear-sky.

For instantaneous SW RF at TOA, Heinold et al. (2022) find, for the first 3 months after ANYSO, values of 0.37 to 0.5
W.m~2 in all-sky, when we find 0.8 to 0.61 W.m ™2 (using SSA = 0.83 to 0.86 to best compare with their parameters). In clear-
sky conditions, Khaykin et al. (2020) and Sellitto et al. (2022) respectively estimate it at -0.3140.09 and -0.35+ 0.21 W.m~2,
when we estimate it from -0.20 to -0.29 W.m~2. As mentioned above, the ERF tends to be lower than the instantaneous RF due
to stratospheric temperature adjustment. As shown by Smith et al. (2018); Liu et al. (2022); Shine et al. (2022), the resulting
longwave emission can significantly reduce the radiative forcing at TOA. For the ANYSO injections, Yu et al. (2021) estimate
it at -0.03 W.m~2 and Liu et al. (2022) at -0.1740.02 W.m~2 (both in clear-sky). References discussed here are summarized

in Table. 2, which also includes values derived from the PNE case.

To compare with the global values, the bottom left panel of Fig. 6 shows the local RF at TOA for ANYSO’s main SCV that
was studied in the previous section. The radiative forcing is computed in the same way, but values are local at TOA of the
self-lofting plume. In clear-sky conditions (dotted lines), all values are negative, like previously found in the global case. For
a 3-month average, the radiative forcing due to the SCV is -3.8 to -5.3 W.m~2 (for SSA = 0.90 to 0.95), with initial values
peaking at -12 to -18 W.m™2 just after the injection, when the SAOD is the largest. In all-sky conditions, the RF at TOA is
positive, with a 3-month average of 7.9 to 3.7 W.m~2 (for SSA = 0.90 to 0.95). The effect of clouds is once more crucial, both
to the sign and amplitude of the TOA REF. It can be noted here that absolute values are meaningfully larger than in the global

case, as local SAOD is much larger in the case of the individual SCV plume, where aerosol concentration is locally higher.
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Figure 6. Global TOA radiative forcing caused by stratospheric aerosols in the Southern Hemisphere for 2020 (top panels). Bottom panels
show local RF caused by ANYSO’s main SCV. Solid lines represent all-sky conditions and dashed lines clear-sky conditions.

13



235

240

245

250

https://doi.org/10.5194/egusphere-2026-2006
Preprint. Discussion started: 22 May 2026 G
© Author(s) 2026. CC BY 4.0 License. E U Sp here

3.3.2 Surface radiative forcing

Fig. 6 top right panel shows the computed RF at the surface from the SH ANYSO aerosols. We find negative radiative forcings
both in all-sky and clear-sky conditions. This is expected in both cases as the aerosols reflect and absorb part of the incoming
shortwave radiation, reducing the incoming flux reaching the surface in both cases. In clear-sky conditions this effect is strong,
but it is reduced in the presence of underlying clouds, by a factor of 4 to 6 in our case. For SSA values of 0.90 and 0.95, the
mean global RF at the surface is respectively -0.06 W.m~2 and -0.04 W.m~?2 in all-sky, and -0.29 W.m~2 and -0.24 W.m~2 in

clear-sky.

For instant SW RF at the surface, Heinold et al. (2022) find, for the first 3 months after ANYSO, values of -0.42 to -0.5
W.m~2 in all-sky, when we find -0.21 to -0.17 W.m ™2 (for SSA = 0.83 to 0.86). In clear-sky conditions, Khaykin et al. (2020);
Sellitto et al. (2022) respectively estimate it at -0.98+0.17 and -0.9440.26 W.m~2, when we find -0.56 to -0.46 W.m~2. Fi-
nally, the surface effective radiative forcing is also expected to be smaller due to stratospheric adjustment, e.g. Yu et al. (2021)

estimate is -0.32 W.m~2 in clear-sky. References are summarized in Table. 2.

To compare with the global values, the bottom right panel of Fig. 6 shows the local RF at the surface for ANYSO’s main
SCV that was studied in the previous section. In clear-sky conditions (dotted lines), all values are negative, like previously
found in the global case. For a three-month average, the local radiative forcing at the surface in all-sky conditions is positive
with a values of -2.4 to -1.6 W.m~2 (for SSA = 0.90 to 0.95). In clear-sky conditions those values are -10.4 to -8.5 W.m 2.
Once again, the high optical thickness of the SCV compared to the global stratospheric injection by ANYSO causes much

larger forcings locally.
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4 Conclusion

We presented a study to evaluate the global radiative forcings of the stratospheric injections of aerosols by the ANYSO event
over 2020. To do so, we first studied two cases of self-lofting Smoke-Charged Vortices from the 2017 PNE event and 2020
ANYSO event, in order to constrain the SSA of aerosols as well as identify key environment parameters impacting the heating
rates of the plumes. We then applied our method to compute the global surface and TOA radiative forcing of stratospheric
aerosols injected by ANYSO in 2020.

We used the ARTDECO radiative computations tool with the Disort radiative transfer scheme to compute heating rates of the
self-lofting plumes and compared them to observations. We concluded that several factors have a strong impact on the heating
rates : the SSA, which can vary with the imaginary part of the refractive index or with the size distributions of the aerosols; the
geometrical depth of the plumes, which impacts linearly the heating rates, given the optical depth is known; and accounted for
the cloud cover, which added 2 K.day~! to the heating rates for the ANYSO plume. To a lesser extent, in-plume water vapor
anomaly also impacts the heating rates of the SCVs. Using this method, our best estimates for the SSA were 0.95 for the PNE
plume and 0.90 - 0.95 for the ANYSO plume.

Using the same method we computed the total surface and TOA radiative forcings of stratospheric aerosols in the Southern
Hemisphere in 2020 injected by the ANYSO event, compared to background stratospheric aerosols from 2019. Our computa-
tions were based on OMPS-LP extinction profiles. We found that taking into account the cloud cover for the surface radiative
forcing can reduce its values by a factor of 5, and that it is even more essential for the TOA radiative forcing, where it changes
its sign, going from negative in clear-sky to positive in all-sky conditions, while also changing its amplitude by a factor of 2 for
the ANYSO case. Although the effect is qualitatively well known, many studies present only clear-sky radiative forcings for
the ANYSO event, even though the average SH cloud cover is higher than 60%. Our estimate for the the global TOA radiative
forcing of ANYSO over 2020 is 0.08 to 0.19 W.m ™2 in all-sky, and -0.17 to -0.12 W.m~2 in clear-sky. For the surface radiative
forcing our estimate is -0.04 to -0.06 W.m~? in all-sky and -0.29 to -0.24 W.m~?2 in clear-sky. With our method we were able
to compute direct (instantaneous) radiative forcings, without taking into account the LW adjustment of the stratosphere. This
effect could be added in a further study by involving GCMs to obtain definitive effective radiative forcing of the ANYSO event.
Finally we showed that local RF for the individual main SCV plume injected by ANYSO is one order of magnitude larger, as
the plume has higher optical thickness, due to its high aerosol concentration. Further work is needed to reconcile the global
estimates of the radiative forcings to values local to individual plumes, where several plumes could be tracked during the same
event using chemistry-transport models to account for the plumes dynamics, evolution of their composition as well as their

radiative impacts.

Fueled by global warming, stratospheric injections of aerosols by extreme wildfires will likely become more frequent, with

an increased impact on the atmosphere’s radiative balance, and further work is needed to reduce uncertainties regarding the
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composition of these aerosols (especially the evolution of their SSA) as well as their total radiative forcing, while taking into

account key parameters such as cloud cover.

Code and data availability. The radiative modeling tool ARTDECO (Atmospheric Radiative Transfer Database for Earth Climate Observa-
tion) is distributed by the data center AERIS/ICARE (http://www.icare.univ-lille1.fr/projects/artdeco).
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