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General Comments:

This paper discusses the robustness of SAGE II aerosol extinction and aerosol surface
area density retrievals during recent years in which volcanic aerosol loading is minimal.
The authors first quantify the errors present in aerosol extinction arising from several in-
dividual parameters by adjusting those parameters over predetermined intervals. Next,
the authors use those uncertainties as one component of two separate calculations de-
signed to establish minimum and maximum aerosol surface area densities arising from
SAGE II measurements. The paper is well-written and well-organized, and presents
some useful results.

Specific Comments:
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Major concerns:

1. Establishment of the errors present in these two parameters is a useful exercise,
but it is rarely put into any context. It is clear that, for example, dark current is propor-
tionally greater in SAGE II measurements lacking aerosols than in measurements with
high aerosol loading, but at no time is it established exactly what percent difference
might be expected as a result of dark current with high aerosol loading. If this percent
difference is previously established, it must be mentioned and cited; if not, it should
be calculated in the same manner as the low-extinction measurements to give a basis
for comparison. This should be done for each of the aerosol extinction experiments,
as well as the SAD calculations. Without that information, the reader has no way of
knowing exactly how compromised the SAGE II measurements are with low aerosol
loading.

2. I question the value of the variances in several of the aerosol extinction experiments.
Specifically, the altitude registration, temperature profile, and ozone cross-section sen-
sitivities include perturbations that are too low given the uncertainties in those pa-
rameters; thus, the final calculated uncertainty is too low. This is especially apparent
considering that the authors explicitly state that a “maximum bias” or “potential for bias”
is being sought. These three parameters also cause the greatest uncertainties in the
aerosol extinction, so a proper perturbation value is vital. Clearly, any underestimation
in the error characteristics in this section are further carried into the calculation of SAD.
Some more detail about my concerns regarding each of the parameters follows:

a.) Altitude registration. The authors state that their choice of 100 m perturbations
are comparable to the altitude registration uncertainties derived in Wang et al. 2002.
I was unable to find that uncertainty explicitly stated in Wang et al. 2002, but that
reference did include a separate citation for altitude registration uncertainty in which an
estimated error of 200 m is provided (Cunnold et al., JGR, 94(D6), 8447, 1989). Thus,
the authors’ choice of 100 m is only half of the previously established uncertainty.
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b.) Temperature profile. The authors introduce a bias of +3 K in two separate exper-
iments, first at 100 mb, then later at 10 mb. The citation used (Randel et al. 2000)
indicates a bias of 3-5 K; thus, the choice of 3 K as the bias is puzzling, since the maxi-
mum SAGE II measurement bias would not result from the minimum cited temperature
bias. Additionally, the only citation in this section (the aforementioned Randel et al.
2000) only discusses tropopause temperatures; as the authors noted elsewhere in the
text, temperatures at higher altitudes are likely more relevant to stratospheric aerosol
measurements, so a more comprehensive review of NCEP temperature uncertainties
seems necessary (see, for example, Pawson and Fiorino, Climate Dynamics 14, 631,
1998; and Stendel et al., Climate Dynamics 16, 587, 2000). Relatedly, while it is some-
what unclear in the text, it appears as though the temperatures at levels surrounding
100 mb (or 10 mb) are unchanged, leading to some discontinuity in the temperature
profile. This is an unrealistic scenario, as it would be more likely that a bias would be
found along a range of pressures, rather than at one discrete pressure.

c.) Sensitivity to ozone cross-section. The paper states that sources report uncertain-
ties in the range of 1-2%, with an additional 5% temperature sensitivity near 525 nm,
and yet a perturbation of only 1% was used for the 525-nm channel. A good justifica-
tion at minimum is required for the low value, especially considering the high sensitivity
of the retrieved aerosol extinction to the ozone cross-section.

3. On p. 6962, lines 14-17, several of the factors that may influence aerosol extinction
measurements are listed, but not all are addressed in the following section. For exam-
ple, measurement noise, cloud clearance, and nitrogen dioxide cross-section are not
brought up in Section 2. Any omissions from Section 2 should be justified or included.

4. On p. 6974, line 2, a value of N_total=20 cm-3 is established. Since the record
of volcanic quiescence lasted from 2000 to the end of SAGE II operation, and the
chosen sample measurement shown in Fig. 4 is from 2003, the one year quoted to
halve 10 cm-3 is not necessarily that long a term. In fact, according to Fig. 3 of
Deshler et al. 2003, aerosol number density is highly variable, is dependent on size,
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and is almost always below 10 cm-3, particularly in the stratosphere. The text in that
reference also states uncertainties up to +/- 80%. Additional justification of the chosen
value of N_total=20 cm-3 is required, along with sensitivity studies addressing this
value beyond the lone mention on p. 6977, especially since this value is used in both
methods for SAD determination.

Relatively minor concerns:

p. 6962, lines 6-7; the paper mentions that 80% of the cycle is related to different
amounts of sulfuric acid entering the stratosphere. No suggestion of a possible source
is provided, but one would be appreciated.

p. 6964, lines 13-16; a single SAGE II event is described and shown in a figure. Why
was this particular event chosen? Is it a “typical” event? If so, that should be mentioned
in the text.

p. 6975, lines 17-18. Why is this SAGE II measurement in particular chosen? Is it
simply a “typical” measurement? If so, why is a different typical measurement chosen
for this figure than for Fig. 4?

p. 6978, first paragraph. The text repeatedly warns about cautious interpretation of the
results from this experiment, and yet does not indicate why, or what potential pitfalls
there are in doing so. Please expand this paragraph to include such a discussion.

p. 6979, lines 7-8. This is the sole mention of results obtained during periods of higher
aerosol loading. Is the SAD determination calculation is still viable for these earlier
periods of SAGE II measurements? If so, why limit the scope of the paper to post-
2000 measurements? A technique for placing upper and lower bounds on the SAD
calculations in high aerosol loading situations would prove useful, and apparently has
not been done previously.

Technical Corrections:

p. 6960, lines 9-11; this is an incomplete sentence.
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p. 6960, lines 19-20; the word “eruptions” is repeated. I suggest removing the first
instance.

p. 6965, line 11; the word “all” is repeated. I suggest removing the second instance.

p. 6965, line 16; how is “confidence” defined in this instance?

p. 6967, line 5; the units of hPa are used, whereas mb is used elsewhere in the text.
Recognizing that the units are identical, the same terms should be used for consis-
tency’s sake.

p. 6967, line 27; a reference should be provided for the mirror correction uncertainty.

p. 6968, line 12; the word “extinction” is repeated. One should be removed.

p. 6968, line 15; a reference should be provided for the estimated accuracy of the
aerosol model.

p. 6969, line 15; the word “that” should be deleted.

p. 6971, lines 11-15; this is a run-on sentence that reads very poorly.

pp. 6972, 6974, and 6978. Since Section 3 is called “Surface area density estimation
sensitivity”, the headings “Method 1”, “Method 2”, and “Summary of aerosol surface
area density” would all fall under that Section. Thus, sections 4, 5, and 6 should be
renamed as 3.2, 3.3, and 3.4.

p. 6972, line 23; Fig. 11a should be changed to Fig. 10a.

p.6976, line 15. Please change “For the minimum solution the solution uniformly...” to
“The minimum solution uniformly...”

p. 6984, Fig. 3. The labeling of the curves is somewhat awkward. It may be more
visually appealing to begin the curves at 1985 and use a traditional legend to indicate
the channels (with a variation of the color for the 5453 or 7386 channel, since they are
similar). In addition, the format for curve labeling is unclear. For example, “4, 525 nm”
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appears at first glance to be a 4525-nm channel. I would suggest a format along the
lines of “Channel 4 (525 nm).”

p. 6991, Fig. 10. The dotted line in panel (b) is not described in the caption or in
the main body of the text. In addition, I suggest changing “...525-nm channel to the
1020-nm extinction...” in the caption to “...525-nm to 1020-nm extinction....”

pp. 6993 and 6994, Figs. 12 and 13. These two figures can be combined, since
most of the information in Fig. 12 is repeated in Fig. 13. Also, in the main body of
the text the SAD calculations using the Method 1 452-nm channel and Method 2 two-
channel technique are immediately discarded due to their similarities to the 525-nm
channel and three-channel technique, respectively. Thus, I suggest one figure, with
the operational SAGE II SAD, the Method 1 525-nm channel results, and the Method 2
three-channel results. The fact that the other techniques were tested and found to be
similar to the ones on the plot can be mentioned in the text, but need not appear on a
figure.

pp. 6996 and 6997, Figs. 15 and 16. Both of these figures can be deleted. Much of the
information is redundant from Figs. 12/13. Moreover, the text warns about the need for
very cautious interpretation of these results; in light of this, two plots illustrating those
results do not seem necessary.

Interactive comment on Atmos. Chem. Phys. Discuss., 7, 6959, 2007.
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