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Summary

This paper examines the polar ozone budget during major stratospheric sudden warm-
ing (SSW) events based on 240 NH winters generated by the WACCM global model
system. When appropriate WACCM ozone results are compared with observations
(MLS), a combined observation data set (SWOOSH), and with a reanalysis (ERA-
Interm). The goal is to better understanding the evolution, vertical structure, and the
specific dynamical processes that control the significant polar ozone changes occurring
during SSW events. As part of this work the role of the vertical depth of the warming,
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classified as PJO or non-PJO (nPJO) is examined specifically along with changes in
total column ozone distribution. By identifying and compositing the WACCM generated
SSW events, composite changes prior to and following the SSW can be examined in
detail. Results show that the PJO SSW events are stronger in the growth phase and
more persistent in the decay phase than the nPJO events since the PJO SSW events
descend to the lowest part of the stratosphere (stronger events) where radiative time
scales are longer (persistent decay).

Strengths:

Overall, this is a well written paper with clear and appropriate figures. Detailed under-
standing of ozone variability and budgets continues to be relevant scientific question
well within the scope of ACP. This research is based on a state-of-the-art global model
especially well suited to ozone budget studies and makes use of two approaches to
the ozone budget: one based on equivalent latitude coordinates and a second, more
conventional but detailed, Eulerian budget. The paper clearly lays out these potentially
confusing budget terms and their physical interpretation. The methods and assump-
tions are valid and clearly presented and the results support the substantial conclu-
sions. The methods are presented in enough detail that they can be duplicated by other
global models, though there could be some interesting differences between model re-
sults if a different model is used. The title is appropriate, the abstract is concise and
complete, and the reference list is thorough.

Weaknesses:

There are no weaknesses as such but a comment is made below.

Comment:

Some of the conclusions might benefit from WACCM qualification as most of the con-
clusions are derived from the WACCM diagnostics, especially as the WACCM model
was shown to differ from the ERAI reanalysis in the pre SSW time. Specifically:
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Page 9, Line 7: "This is fast, occurs in the week or two prior to the central dates of
the composite, and is reversible (e.g. if the wave packet propagates through and the
contours return to zonal)."

and Page 11, Line 23: "There are substantial differences in the timing when the ozone
anomalies appear in geographical and equivalent latitude (EqL) averages, which high-
light the different dynamical processes involved.

These statements seem to apply mainly to the WACCM results in the period prior to
the SSW events, while, in Fig. 3, ERAI lacks significant changes a week or two prior to
the SSW events, so it appears still open as to how much these statements apply more
generally.

The context is usual clear, however, maybe adding just a WACCM qualifying sentence
to the Discussion and Conclusion section would be useful to readers.

Minor Remarks:

1) Page 2, Line 1: "PLUMB"

2) Page 2, Line 10: "short" (shortly)

3) Page 4, Line 31: Reference could be added: Butchart, N. and E.E. Remsberg,
1986: The Area of the Stratospheric Polar Vortex as a Diagnostic for Tracer Transport
on an Isentropic Surface. J. Atmos. Sci., 43, 1319–1339, https://doi.org/10.1175/1520-
0469(1986)043<1319:TAOTSP>2.0.CO;2

4) Page 7, Line 2: Note that Fig. 3d will be discussed later.

5) page 7, Lines 15-22: The differences between the two ozone tendencies are intrigu-
ing. Could another source of the discrepancy be numerical diffusion? Parameterized
GWD diffusion might be too weak in the stratosphere to account for the difference. An-
other possibility is just the different formulation and differencing schemes between the
model and the off-line calculated diagnostics.
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6) page 7, Line 33: Maybe after "ozone mixing ratio" add a reference to "(Fig. 3c)".
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