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We thank Hinrich Grothe for his comments on the paper which will help to improve
especially the spectroscopic part. In the following we address them point by point:

1. The referee suggests to include relevant experimental parts of the referenced thesis
[Biermann(1998)] into the manuscript to make it available to non-German readers.

We have added these as an appendix to the revised manuscript, including two figures
of the experimental setup.

2. From the MIPAS system the spectral range 685 - 2410 cm−1 is available, which
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in principle includes the following nitrate bands of β-NAT: ν2(A′′
2) = δs = 820 cm−1,

ν3(E′) = νas = 1375 −1, ν4(E′) = δas = 720 cm−1, as well as the oxonium and the
water band: ν4(H3O+) = δas = 1830 cm−1, ν2(H2O) = δ = 1665 cm−1. The authors
should more carefully justify why they have chosen just the symmetric deformation
mode of the nitrate for their phase assignment. The criteria of the band selection should
be explained: sufficient intensity, less interference with other bands (e.g. gaseous
species), and reproducible band position and shape.

The 820 cm−1 band is identified in our paper as a means to identify NAT obser-
vation in an efficient way from the MIPAS measurements, as done previously by
[Spang and Remedios(2003)]. However, in our detailed analysis of broadband MIPAS
spectra we do not, as the referee might have understood (and which, we admit, was
not clear enough in the abstract and the original manuscript) rely only on that band but
on the best fit over a broad spectra range, which does include the band at 1375 cm−1.
As can be seen from the Figure 4 of the paper, especially the range between 1350
and 1450 cm−1 shows distinct differences in the fits between simulation for the various
refractive indices and measurement. Especially there, the worse fit of NAD compared
to that of β-NAT is striking due to the nitrate ν3 band of NAD at around 1450 cm−1.
We have emphasized the differences in this wavenumber region more clearly in the re-
vised text and have illustrated the broad-band fitting quality by presenting a Table of the
noise-weighted rms differences between simulation and measurement for the different
refractive indices in each channel.

Nonetheless, for time-efficient identification, the 820 cm−1 band is especially suited be-
cause it is a very narrow and prominent band in one of the few wavenumber regions
which are nearly free of trace-gas signatures. Further, it is at the longer-wavelength
range of the MIPAS observation and, thus, less affected by scattering effects. Unfor-
tunately other bands are less/not suited for this purpose: 720 cm−1 is entirely covered
by CO2 emissions, 1375 cm−1 can be used in detailed radiative transfer simulations
as shown, but is not suited well for fast detection due to some interference with CH4.
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1665 cm−1 and 1830 cm−1 are either strongly influenced by water vapour emission,
and relatively broad bands. Additionally, at higher wavenumbers scattering effects blur
the signals more strongly. As suggested by the referee we have stated the reasons for
this band selection more detailed in the revised paper.

3. Taking into account all these effects (orientation, sample thickness, particle mor-
phology, phase composition, interaction NAT-ice) most literature data are reliable only
to a certain extent, which is due to the very different procedures of sample preparation.
In fact, none of the published sets of optical constants has ever reproduced a whole set
of IR spectra (transmission, reflection, emission). The following references should be
considered and quoted in order to describe the interfering effects which have a strong
impact on the lab spectra ...

In the revised version we have noted the uncertainty of the laboratory data and have
added the references suggested by the referee.

However, many of the mentioned effects apparently influence band intensities rather
than spectral positions. A strong effect on band position is shown in the paper by
[Wagner et al.(2005)], but this analysis revealed mainly a red-shift of the major α-NAD
absorption bands. Also, estimates for the α-NAD band at 810 cm−1 point at very weak
shifts towards smaller wavenumbers (R. Wagner, pers. comm.). Thus, it is unlikely that
the band will be shifted to 820 cm−1.

In a new Table in the revised manuscript we have summarized papers where the
position of the ν2 of nitrate for NAD and NAT has been reported based on ob-
servations [Ritzhaupt and Devlin(1991)], [Toon et al.(1994)], [Richwine et al.(1995)],
[Koch et al.(1996)], [Biermann(1998)], [Niedziela et al.(1998)], [Tisdale et al.(1999)],
[Hudson et al.(2002)], [Grothe et al.(2004)]. >From these no indication for a strong
shift of the position of this band can be deduced.

4. The referee concludes, that he is not convinced about our identification of β-NAT,
since it is based only on a single peak centred at 820 cm−1. As consequence he
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suggests changing the title, the abstract and the conclusion of the paper towards indi-
cations or clues.

We do not agree with the referee in this regard because our conclusion does not rely
on the single band only, but on comparison of a large spectral region with available
optical constants of possible PSC candidates. We show that for the case where Lidar
observed Type 1a PSCs, the measurements can best be fitted with the β-NAT data
by [Biermann(1998)]. With these data the 820 cm−1 band, which has not only been
observed by MIPAS, but also by CRISTA (as stated in the text) and most recently also
by the Atmospheric Chemistry Experiment (ACE) which works in limb solar absorption
[Zasetzky et al.(2005)] could be simulated for the first time. There are large differences
between the observed spectra and simulated ice, NAD or STS spectra not only around
820 cm−1. Thus, we are convinced that we have shown evidence for NAT over a large
spectral range, of course, based the available spectroscopic datasets.

The term ’Spectroscopic evidence’ in the title has also been chosen intentionally as
contrast to one of the first spectroscopic work to identify PSC composition published
by O. B. Toon and M. A. Tolbert in Science, 1995, entitled: ’Spectroscopic evidence
against nitric acid trihydrate in polar stratospheric clouds’ [Toon and Tolbert(1995)].

We admit, however, that the differentiation between α- and β-NAT is not as clear as
between NAT and the other species. Thus, we agree to skip ’β-’ in the paper title.

In the search for NAD we use the 810 cm−1 feature as a fast indicator if there is any sig-
nal of the 810 cm−1 band of NAD visible in MIPAS observations, which is not. Of course
this does not exclude the possibility that NAD still exists there. We have changed the
related passages of the text accordingly.

5. Additionally, it has been ignored that there are two modifications of NAD (α-NAD
and β-NAD), of which single crystal data, infrared and Raman spectra already exist.

We have stated in the text that the optical constants used have probably been the ones
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of α-NAD [Grothe et al.(2004), Wagner et al.(2005)]. We have not tested β-NAD since
to our knowledge no optical constants have been published. However, as stated in
Table 1 of [Grothe et al.(2004)], the ν2-bands of nitrate of α- and β-NAD are centred
at 809 and 811 cm−1, respectively, which is in agreement with the optical constants
used here. Further, the NO−

3 ν2-band at around 1450 cm−1 which is the other spectral
feature that does not fit our measurements is also present in case of β-NAD.

6. Related to the STS analysis a mixing rule has been considered as an adjusting
tool, which has been developed by Biermann 1998. In this context, the authors have to
mention that only recently two papers appeared which have disputed this rule due to
the temperature dependence of the density and of the dissociation equilibrium. Addi-
tionally, both dissociation equilibria (nitric acid and sulphuric acid) interfere. In order to
be objective, you should quote Lund Myhre 2005 and Minogue 2003 when using this
method.

We have used this mixing rule since there is no other scheme available. It is not
clear at the moment, how large the errors induced by application of the mixing rule
are. [Norman et al.(2002)] found that the differences between their measurements of
ternary solutions and calculations based on the [Biermann et al.(2000)] data and mix-
ing rule are mainly caused by the binary data of [Biermann et al.(2000)]. This has also
been suggested by [Wagner et al.(2003)]. Using their own data, [Norman et al.(1999)]
for HNO3/H2O and H2SO4/H2O by [Niedziela et al.(1999)], combined with the mix-
ing rule by [Biermann et al.(2000)], the agreement between calculation and mea-
surement of ternary solutions improved considerably [Norman et al.(2002)]. Remain-
ing differences were attributed to the mixing rule. As the referee mentioned, also
[Lund Myhre et al.(2005)] report on differences between their ternary spectra and cal-
culations based on their own datasets of binary solutions. Unfortunately, the differ-
ences which are explained by interference of the dissociation equilibria of HNO3 and
H2SO4, are not shown in the paper. As the referee suggested, we have cited the related
publications in the revised manuscript.
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7. The Kramer Kronig Transformation assumes that the spectral cut-off falls in a mod-
erately flat unstructured region - control that. What is the impact on the results when
the region below 500 cm-1 has not been considered (see Lund Myhre et al., 2003,
Lund Myhre et al., 2005)?

[Lund Myhre et al.(2003)] have explained differences between their data of optical con-
stants for the H2SO4/H2O system and those by [Biermann et al.(2000)] by the fact that
[Biermann et al.(2000)] had assumed a monotonous decrease in the far infrared ab-
sorption below 500 cm−1 while in the far infrared region [Lund Myhre et al.(2003)] had
measured an increase. However, as [Wagner et al.(2003)] noted, such an applica-
tion of the Kramers-Kronig transformation only influences the real part of the refractive
indices in [Biermann et al.(2000)] while the imaginary part is directly obtained from
the transmission spectra. This is also the case for the β-NAT refractive indices from
[Biermann(1998)] used in our paper. Since (1) the imaginary part (i.e. the absorption
part) mainly determines the MIPAS infrared spectra and since (2) the real part (i.e. the
refractive part) is shown to be much less affected (< 5% [Lund Myhre et al.(2003)]) by
neglecting the far-IR region, we are convinced that the influence on our comparison
between MIPAS observations and simulations is negligible.

8. In Fig. 4 the text box with the captions overlaps the spectra - please, change that.

Done. Also for Fig. 5 and 6.

9. What is the assignment of the narrower bands beside the band at 820 cm-1 (see
Fig. 4–6)? Where are the other bands of nitrate in the MIPAS spectrum?

The signal between 830 and 860 cm−1) is the caused by CCl3F (CFC-11), at 809 cm−1

by CHClF2 (HCFC-22), at 798 cm−1 by O3, CO2, and CCl4. The peak at 792 cm−1 is
due to CO2. This information has been included in the revised paper.

As stated above, the other particulate nitrate bands are partly covered by trace gas
interference and are broad compared to the 820 cm−1 feature. Thus, these can best
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be identified by detailed radiative transfer calculations including all interfering species
as has been done in the paper.

10. It isn’t clear from the text why the band intensity at 792 cm-1 has been chosen for
the colour-ratio method.

The 792 cm−1 wavelength region as a reference band with medium optical depth has
been used successfully for the first time in cloud detection for CRISTA measurements
[Spang et al.(2001a), Spang et al.(2001b), Spang et al.(2002)]. By calculating the ra-
tio between a wavenumber region with very small trace gas interference (832 cm−1)
and one with medium interference (792 cm−1) the temperature dependence of the re-
sulting quantity is reduced compared to the use of only the 832 cm−1 radiances to
detect clouds. The colour-ratio procedure has been shown to provide compact re-
lationships also when applied to PSC observations showing the 820 cm−1 signature
[Spang and Remedios(2003)] and is used in the standard processing of MIPAS data by
ESA [Spang et al.(2004)]. Thus, in the paper we investigate this established method
by use of radiative transfer simulations quantitatively. In the revised version we have
described the colour-ratio method in more detail.
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