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The paper analyzes observations and models the Raikoke eruption in June 2019 in the
Kuril Islands. The authors use the state-of-the-art general circulation model with the well-
developed aerosol and stratospheric chemistry module in combination with the best
available observations. They argue that the existing observations are still insufficient to
describe the essential elements of the volcanic cloud evolution reliably. The model
simulations help to better understand the overall evolution of the volcanic cloud, e.g., the
simulated optical depth is twice higher than the observed one, but simulated SO2 loadings
are significantly lower than that observed by OMPS-NM. The results are presented in a
somewhat qualitative way. More quantitative information would help.

The paper is generally well-written and logically organized. However, it requires a more
rigorous description of physical processes and how they are parameterized in the model.

The literature review is complete. I suggest the authors look at two recently published
papers that consider the ash radiative heating and lofting effect in detail and ash coating
by sulfate and heterogeneous chemistry.
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Stratosphere? Journal of Geophysical Research: Atmospheres, 126(10), e2020JD033829.

Abdelkader, M., Stenchikov, G., Pozzer, A., Tost, H., & Lelieveld, J. (2022). The effect of
ash, water vapor, and heterogeneous chemistry on the evolution of a Pinatubo-size
volcanic cloud. Atmospheric Chemistry and Physics Discussions, 1-49.



 

Specific comments:

L100: Please formulate the objectives and science questions you are targeting in this
study

L147-160: CALIOP should be discussed separately in line with ONPS-NM and OMPS_LP

Section 3.1: You have to provide a more detailed description of the model physics,
especially microphysical parameterizations.

Section 3.2: Please discuss the size distribution of emitted ash explicitly. What was the
refractive index of ash? The deposition of dust particles should be corrected to be
applicable to the stratospheric conditions.

Section 3.3 is out of context. It is better to reference Mie calculations in the place where
they are used.

L222: "logical timeline" ?

Figure 1: The simulated SO2 loadings are more dispersed than in observations. Could you
please comment on this? Could you provide statistical scores for the analysis?

Figure 4: Please label the panels in figure 4.

L391: Statistically significant at what confidence level?

L439: "Figure 7 begins to illustrate" - could you say it better?

L450-459: These are pretty vague explanations. Could you please clarify?



Figure 7: The e-folding time for SO2-only simulations is more consistent with observations
than SO2+ash simulations, which decay faster than observed. Could you please comment
on this?

L556-558: What additional analysis?

Section 4.7: Do you talk about SW clear sky radiative forcing at the top of the
atmosphere? Please make it clear. Is the LW forcing negligible? How do you compare
Sarychev and Raikoke's forcings? Do you compare them at the month when they are at
maximum? Please clarify this.

Section 5: You added ash in simulations and did not show any figure that would
characterize ash evolution. How fast does ash deposit? What is its optical depth? There
should be almost no ash (if it is not pumice) in the volcanic cloud two weeks after the
eruption. Please elaborate on this. Also, what about water vapor injections? Are there any
estimates of injected water vapor?

L602: In the model, SO2 disperses faster than in the real world. What is the conclusion
from this?

L614-616: It isn't easy to compare with the point observations in MLO, as the cloud is far
not uniform at that latitude.

L634-635: The model overestimates the observed sAOD two times. This has to be
acknowledged and explained.

L652-655: Why do Sarychev and Raikoke SW clear sky radiative forcings not scale with
the amount of injected SO2? Both forcings are obtained in the model, so you can analyze
them and tell why it happens. This type of analysis would be helpful.
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