Reply to Reviewer #3

We thank the Reviewer #3 for the positive review and fair remarks, which have all been
taken care of in the revision.

General comments:

Section 2.2: | would suggest to add in the supplementary material some illustration
of a PyroCb as identified from brightness temperature.

Such an example along with a detailed description of the pyroCb detection method is
provided by Peterson et al., 2025, which has been accepted for publication in npj
Climate and Atmos. Sci. journal.

Section 2.5: Please provide more details about OMPS-LP NASA v2 uncertainty which
depends on the wavelength as explained in Taha et al. (2021). The choice of the 869
nm channel can be explained.

Added a sentence: “The 869 nm channel is chosen because it showed the best agreement
with SAGE Il data (Taha et al., 2021).”

Line 150: | am surprised that the Shiveluch volcanic eruption in 2023 was significant
enough to impact the stratospheric aerosol content on a seasonal scale. From
OMPS-LP observations, my view is that this signal was unclear at the hemispheric
scale and drowned by the (slight) propagation of the Hunga plume to the NH
extratropical latitudes. | would suggest to tone down the statement about the
impact of this eruption.

Indeed, the effect of Shiveluch eruption is small on a seasonal scale. The mention of this
event has been removed.

Copernicus Atmosphere Monitoring Service (2020): CAMS global emission inventories.
Copernicus Atmosphere Monitoring Service (CAMS) Atmosphere Data Store, DOI:
10.24381/1d158bec (Accessed on 12-Sep-2025).

Section 3.1 and figure 1: Fire cumulative energy is increasing steadily throughout the
season while pyroCb cumulative counts show different evolution with for instance
stable values (around 130) in August 2023. What is the reason for such difference? Is
it because fire cumulative energy also accounts for fires without pyroCb formation?

The fire cumulative energy, which is proportional to the burned area, is not expected to
correlate closely with the pyroCb count. The occurrence of pyroCb strongly depends on
the meteorological conditions as pointed out by Peterson et al. (2025). The physics and
lifecycle of extreme pyroconvection are still poorly constrained and many questions
remain regarding the factors and conditions permitting major pyroCb injections into
the stratosphere.



Section 3.2: I do not clearly grasp how the authors find pyroCb cases organizing as
clusters. | guess this is done from geostationary imaging but the reader does not
have any illustration or explanation. Does it correspond to pyroCb occurring at the
same time nearby or at far distances?

The cluster events are defined as 3 or more individual pyroCbs occurring within a 3° x
3° deg. domain and 24 hours (Sect. 3.2.).

Also, how do the authors estimate a “measurable stratospheric impact” from 7
specific events? It is not obvious to derive a number of 7 events reaching at least ~10
km in altitude in Figure 2A and 2B since, as stated in the manuscript, a given plume
can survive transport more than twice around the globe and other plumes, freshly
emitted, can complexify the readability of Figure 2. To clarify these points, perhaps
an additional figure with brightness temperature (BT) could be helpful.

Indeed, it is not obvious to derive all the 7 events listed in Tab. 1 from Fig. 2. This is why
we provide further support for the attribution of stratospheric plumes to specific
wildfires as a sequence of daily AAI maps with SALD and pyroCb locations in
Supplementary Animation 1. The BT would only pick pyroCb events and not necessarily
reaching the stratosphere. In this respect AAI and SALD represent a much better
metrics.

Section 3.3: this is not a major issue but from Figure 3, the model seems to mostly
underestimate the altitude of the aerosol layer peak. This is a bit surprising since the
timing of transport and the overall horizontal distribution of the plume is rather well
reproduced by the model. Some improvement can be seen approaching 17/08. Is
this due to inadequate injection height (constrained to 2 km everywhere) and/or
issues regarding vertical transport of particles (e.g. resulting from WCB
representation in ARPEGE). Did the authors test higher injection heights with some
information taken from BT? Another possibility could be radiative lofting process of
optically-absorbing smoke aerosols which is not computed in the model, although
the uplift rate through this mechanism is expected to be lower.

The apparent underestimation of the aerosol peak by MOCAGE may be simply due to
methodological issue. The SALDs are limited to OMPS-LP profiles featuring an
enhancement above the tropopause, whereas the MOCAGE-derived aerosol peak
altitude may be low-biased due to tropospheric plumes which are filtered out in the
OMPS-LP retrieval. We did test various injection heights for the simulation however the
effect on the plume top altitude was very small.

Lines 393-397: Some of the information about MOCAGE given here is redundant
with Section 2.9. Please simplify accordingly.

Done.

In section 3.4, the authors propose that differences in aerosol concentrations can be
the reason for differences in plume altitudes and time evolution for Pyrocb versus



WCB. Could we have any comparison with large reported events (ANYSO and PNE
events) in term of ER to emphasize the lower amplitude of the 2023 episodes? Also,
the idea of the authors is plausible but no mention of any role of aerosol
microphysics is provided. Bigger particles would give higher ER but would not match
the lower ER for WCB. In this case, coalescence could increase the sizes of the
particles but would reduce concentrations. Could MOCAGE provide some indications
about aerosol microphysical evolution (I see there are 6 bins in the microphysical
module)? We have a few information in the literature on smoke particle sizes from
Pyrocbs. From the FIREX-AQ data (see Peterson et al. BAMS, 2022), aerosol and cloud
particle sizes within a pyroCb are not static which could explain the differences the
Alberta and Siberia cases. They evolve vertically due to microphysical processes
(freezing, coalescence) and temporally as the plume ages. The efficiency of the
pyroCb as a smoke injection mechanism could be intrinsically linked to these particle
sizes through the precipitation scavenging feedback loop. Larger particles promote
scavenging and less efficient transport, while smaller particles, fostered by intense
updrafts, facilitate massive injection of smoke into the stratosphere. | suggest these
elements to be clarified (or ruled out) in the text in a few sentences.

Thank you for this insight. The microphysical properties and their evolution in pyroCb
plumes may indeed play a role. However, basic considerations, supported by radiative
transfer simulations (e.g., Ohneiser et al., 2021), suggest that the dominant factor is the
concentration of absorbing aerosols rather than their size distribution or specific
absorptivity. Without information on the particle composition of Alberta and Magadan
plumes we cannot factor in the microphysics as a possible reason for the difference in
behaviour. However, what can be inferred directly from the available observations is
that the Magadan plume featured higher peak ER values.

We added a sentence in the end of Sect. 3.4: “For comparison, the peak ER values of the
young PNE plumes reached 74.”

Line 518: please provide the date of the case discussed here.
There was a chunk of text missing in this section, this was fixed.
Technical errors:

Line 33: correct to Salawitch and McBride, 2022

Line 114, 116: Choose the acronym AAl instead of Al for homogeneity throughout
the manuscript.

Line 56 (and in other locations in the manuscript): Peterson et al., n.d. Do you have
the year of this publication? Is it in open access? | cannot find the reference.

Line 126: SALD acronym is supposed to be for Stratospheric Aerosol Layer Detection
and is defined in the title of section 2.6 which is enough to me.



Line 137: add the bracket after “maximum ER”

Line 149: Add “stratosphere” after global.

Lines 174-175: correct to Bechtold et al. (2001) and Louis (1979).
Line 203: add “s” to “wavelength”.

Section 2.12 title: define acronym for LTA

Figure 2: use the term AAl instead of Al in the figure axis title of Figure 2C. Within the
figure, individual pyroCb events are not marked as a small but as an open triangle
conversely to what is indicated in the caption.

Line 423: correct to “analyzed”
Line 518: the date of the first event from Figure 6A is missing in the text.
Line 521: correct to “a SCV-like”

All the above have been fixed.



