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We appreciate the detailed comments on our manuscript by J. C. Gomez-Martin (in the
following referred to as G.M.). In particular we are happy to hear that G.M. regards the
topic of our work to fall within the scope of ACP and the results presented to be new
and atmospherically relevant.

Unfortunately, there are several misunderstandings and misquotes of our manuscript:

1) G.M. claims that we conclude that the main source of iodine in the Antarctic coastal
boundary layer is the snowpack rather than biological activity in the ocean. It is im-
portant to point out that we clearly support the hypothesis that iodine in Antarctica is
of biological origin (see P 25363, L4). In particular, our measurements indicate that
(a) accumulation processes lead to a strong enrichment of particulate iodine (which is
most likely of biological origin) in the snowpack, in agreement with the early findings
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of Heumann et al. (1987), and that (b) most of the particulate iodine is converted to
reactive iodine as soon as sunlight is available. The processes leading to this accu-
mulation and the built-up of large 10 amounts in the snow interstitial remain, however,
unknown. Similar assumptions of snowpack being the source of halogen radicals have
been made in model studies by Saiz-Lopez et al. (2008).

2) We certainly nowhere in our manuscript state that the sources iodine in the Antarctic
snowpack are meteorites. Rather, we refer to early studies of iodine content in Antarctic
meteorites and rock samples which indicate that atmospheric iodine reacts with their
surfaces. This has been clearly stated in the introduction.

G.M. suggested to update the summary of iodine chemistry in the introduction. While
a detailed review of the iodine chemistry is clearly beyond the scope of our manuscript,
we agree with G.M. that a somewhat more detailed discussion might be beneficial.
To our understanding, the question of OIO photolysis and in particular the product
channels are controversial in the available literature. While Ashworth et al. (2002)
concluded that OIO + hv — | + O2 is a major product channel and correspondingly the
photolytic lifetime of OIO is short, Ingham et al. (2000) and Joseph et al. (2005) were
unable to detect I-atoms in OIlO photolysis and concluded that the above channel was
negligible compared to — O + I0O. In the latter case the threshold wavelength would
be shorter than the range where OIO absorbs and consequently OlO photolysis would
be very slow (Joseph et al., 2005). A slow photolysis of OlO is supported by a series
of measurements showing noticeable levels of OIO during daytime (Stutz et al., 2007).
In contrast to that, Ashworth et al. (2002) and Gomez-Martin et al. (2009) came to
the conclusion that O2 + | is a dominant channel in the photolysis of OIO which would
make the photolytic lifetime of OlO very short (of the order of seconds). We agree with
G.M that the photolysis of OIO leading to O+lO is not occurring in the atmosphere (and
we did not intend to state this in our manuscript). Our wording might have been slightly
unclear and we will change this in the final version of the manuscript.

The IO absorption cross section chosen for this study (Hénninger, 1999) is in good
co477

ACPD
9, C9476-C9483, 2010

Interactive
Comment

®

BY

1


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C9476/2010/acpd-9-C9476-2010-print.pdf
http://www.atmos-chem-phys-discuss.net/9/25361/2009/acpd-9-25361-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/25361/2009/acpd-9-25361-2009.pdf
http://creativecommons.org/licenses/by/3.0/

agreement with other available 10 cross sections. For example, a peak absorption
cross section of the 3-0 transition around 436 nm of 2.71 x 10~'7 cm? measured by
Hénninger is in good agreement with a value of 2.83 x 10~!7 cm? from Spietz (2005) (if
convoluted to a spectral resolution of 0.45 nm used by Honninger, 1999). We expect
a temperature dependence of the IO cross section and thus the detected IO dSCDs.
However, to our knowledge the temperature dependence of the IO absorption cross
section has never been investigated and all data published so far is measured at room
temperature.

We do not know why it should be "confusing" that we talk about SCDs. It is clearly
stated in the manuscript (P. 25378, L16), how measured dSCDs are converted to ab-
solute SCDs.

Concerning the vertical grid of the 10 profile retrieval, it makes no sense to use finer
layers in the lowermost 50 metres, since the vertical resolution of the retrieved profiles
near the surface is several hundred metres as a result of the low information content
of MAX-DOAS measurements (e.g., FrieB3 et al., 2006; Vigoroux et al., 2009; Theys et
al., 2007). In particular, there is certainly no information on the vertical distribution in
the lowermost 7 metres of the atmosphere between snow surface and instrument (this
would only be the case if a significant fraction of the light would be scattered inside this
layer). The value given at 3.5 m is the box airmass factor representative for the whole
layer below the instrument.

Our radiative transfer calculations are monochromatic since we do not expect a sig-
nificant wavelength dependence of the radiative transfer within the small wavelength
window of the 10 retrieval.

Concerning the comments on the profile retrieval, we refer to the discussion in the
manuscript. First of all, we can assume that the box — AMFs simulated by McArtim
are physically meaningful, since the radiative transfer model has been validated during
intercomparison exercises (Hendrick et al., 2006) and the snowpack optical properties
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have been adapted from previous studies of the snowpack radiative transfer (King and
Simpson, 2006; Lee-Taylor and Madronich, 2002). Owing to the very small aerosol load
of the Antarctic atmosphere, the atmospheric radiative transfer can be simulated very
accurately. This has been confirmed by comparison of modelled and measured dSCDs
of the oxygen collision complex. As pointed out in the manuscript, there are of course
substantial uncertainties regarding the snowpack radiative transfer due to the uncer-
tainties in the optical properties, leading to uncertainties in the retrieved snowpack 10
concentrations. It has been shown how different snowpack extinction coefficients and
assumptions on the vertical profile inside the snowpack affect the retrieval (Figure 8).
Compared to the uncertainties from these parameters, the impact of phase function
and single scattering albedo of ice crystals on the radiative transfer inside the snow-
pack are expected to be small, and sensitivity studies regarding these parameters as
suggested by G.M. are beyond the focus of our studies.

G.M. claims that there might be alternative physical interpretations of our measure-
ments which might also explain our observations, but does not state what alternative
explanation this might be. We have shown that the representation of the 10 profile by
three layers (box profile of 25 cm inside the snow pack, single layer below the instru-
ment, 1 km thick box profile above the instrument) yields simulated IO SCDs which
are in agreement with the measurements. Omitting either the snowpack or the layer
above the instrument, we are not able to simulate the measurements. These findings
lead to the conclusion that the measurements cannot be interpreted in a meaningful
way except if large amounts of IO are located inside the snowpack. We come to the
same conclusions if we retrieve the IO profile on the full vertical grid. The more simple
representation using a reduced vertical grid with three layers only has been chosen
because this approach yields similar partial VCDs, and no a priori profile is required if
only three layers are retrieved.

There are two reasons why blowing snow affects the measured 10 dSCDs and leads
to more scattered measurements, even if the majority of 10 is located inside the snow-
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pack. First, there is also some IO in the atmosphere above the surface, causing a
signal which is amplified by multiple scattering if blowing snow is present. Second,
an additional scattering layer near the surface also affects the radiative transfer inside
the snowpack since both incoming sunlight and outgoing diffuse radiations need to tra-
verse the blowing snow layer. G.M.’s statement that "this implies that the model would
in days with wind speed over 5 m/s better represent the real conditions by including the
blowing snow layer, in apparent contradiction to the previous statement" is therefore
incorrect.

We agree with G.M. that further validation of the MAX-DOAS method in the future
would be useful. However, measurements of NO, and ozone at Neumayer, which
have been suggested by G.M. for validation, are unsuitable for these purposes. Typical
atmospheric and snowpack NO- mixing ratios of some 10 ppt at Neumayer (Jones
et al., 2000) are far beyond the detection limit of our instrument, and a tropospheric
NO signal, which might be caused by local contamination, has never been observed
during more than 10 years of measurements at the trace gas observatory of Neumayer
station. So far, it has not been shown that boundary layer ozone can be retrieved by
MAX-DOAS, mainly because only a small fraction of the ozone total column resides
in the troposphere. We have compared modelled and measured O, dSCDs and have
found good agreement, providing confidence that our radiative transfer modelling is
performed in a realistic manner.

The direct comparison of our MAX-DOAS data, which were measured during the day
(SZA < 85°), with previous measurements of 10 in Antarctica is difficult due to several
reasons:

1. 10 SCDs estimated from the MAX-DOAS measurements of the present study and
from our previous zenith-sky measurements at Neumayer (Friel3 et al., 2001) are
of the same order of magnitude (around (2 — 10) x 10'® molec/cm?). In Frie3 et
al. (2001), the seasonal variation of the IO dSCD betweeen SZA = 80° and 92°
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was presented, showing a decrease in summer. This is, however, no proof that

there is less IO in summer. Using a fixed Fraunhofer reference spectrum (instead ACPD

of a daily reference), it turned out later that this is feature is caused by a slower 9, C9476-C9483, 2010
decrease of the |0 SCD during twilight in summer than in autumn and spring.

From our initial zenith-sky measurements at Neumayer, we were only able to
speculate about the vertical profile of 10, and mixing ratios were estimated under Interactive
the assumption of a constant IO concentration within the boundary layer. From Comment
our MAX-DOAS measurements, it turned out that this assumption is not valid.

2. From the longpath-DOAS measurements at Halley, daily averages of the 10 mix-
ing ratio are presented by Saiz-Lopez et al. (2007). These decrease as days
become shorter since there is no IO during the night, and indeed Figure 2 of
Saiz-Lopez et al. (2007) shows that 10 concentrations are proportional to the so-
lar irradiance. In contrast, our MAX-DOAS daily averages are representative only
for daytime (SZA < 85°), leading to a much smaller seasonal variation. Further-
more, the MAX-DOAS data during early spring and late autumn are very sparse
due to the short duration of solar illumination and unfavourable weather condi-
tions, decreasing the reliability of our data for these periods.

3. 10 amounts deduced from MAX-DOAS measurements at Neumayer are signif-
icantly higher than from satellite (Schénhardt et al., 2008). However, SCIA-
MACHY measurements with their large footprint of 60 x 120 km show a narrow
band of 10 along the coast near Neumayer, indicating that there might be a large
gradient in snowpack IO concentrations from the coast towards the interior of
Antarctica.
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