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First observation of H'">NOj; in atmospheric spectra
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[1] Using new and accurate experimental results
concerning the spectroscopic properties of the H'*NO,
and H'°NO; molecules, as well as improved theoretical
methods, it has been possible to generate an improved set of
line parameters for these molecules in the 11.2 um spectral
region. These line parameters were used to detect for the
first time the H'*’NO5 molecule in the atmosphere analyzing
atmospheric spectra recorded by the MIPAS (Michelson
Interferometer for Passive Atmospheric Sounding)
experiment. The evidence of H'°NO; in the atmosphere
was achieved exploiting the features of the Residual and
Error Correlation analysis. Citation: Brizzi, G., M. Carlotti,
J.-M. Flaud, A. Perrin, and M. Ridolfi (2007), First observation of
H'°NO; in atmospheric spectra, Geophys. Res. Lett., 34,
LXXXXX, doi:10.1029/2006GL028395.

1. Introduction

[2] Because of its atmospheric interest, the HNO; mole-
cule has been the subject of a number of spectroscopic
studies, particularly in the 11.2 pum spectral region [see
Flaud et al., 2003, 2006, and references thetein; Perrin
et al., 2004; Mencaraglia et al., 2006]swhich’ is, as an
atmospheric window, widely used for thepatmospheric
retrievals [Ridolfi et al., 2000] of "N nitrie acidHowever,
only recently accurate spectral line parametersywere gener-
ated for the isotopic species H'’NO; [Perrindand Mbiaké,
2006]. Exploiting the high signal-to-neise ratio attained by
the Michelson Interferometer for Passive Atmospheric
Sounding (MIPAS) [Fischer et @i., 2000], we have investi-
gated the possibility to detectMor the first time H'°NO5 in
the atmosphere by analyzing its Spectral signatures in the
MIPAS atmospheric speetras, This is a first step toward the
search for a possible enrichment of this molecule (with
respect to the main isotopologue) in the stratosphere since
stratospheric N,O is knownr to be enriched isotopically
relatively to tropospheric N,O, most likely due to the
preferential photolysis of isotopically light N,O and to
kinetic isotope effects [Kaiser et al., 2002, 2006].

2. Spectroscopic Line Parameters

[3] Inthe 11.2 um spectral region the HNOj; absorption is
mainly due to the fundamental v5 and the overtone 2vg
bands which are in strong interaction. Accordinigly, the line
positions and intensities of both H'*NO5 and H°NO; were
generated using a Hamiltonian model and an intensity
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model which take fully into account the various vibro-
rotational resonances,as well as the torsional effects and
the axis switching efféet which have an impact on the
spectra. In both cases, in order to get accurate Hamiltonian
and transition moment constants, new analyses were per-
formed by mixing the existing microwave data and series of
high resolutiomgEourier transform infrared spectra (‘°N
enriched forlH'°N@Qs). Then using these constants new line
lists of positions and intensities have been generated allow-
ing one/to better model the HNO; spectra [Perrin et al.,
2004; Perrimand Mbiaké, 2006]. It is worth noticing that, if
the bands of both isotopic species are subject to the same
interactions (strong Fermi and weaker Coriolis resonances),
the mixing coefficients of the wave functions resulting from
the diagonalization of the Hamiltonian matrices are widely
different from one isotopologue to the other. As a conse-
quence, the transfers of intensity from the fundamental band
to the overtone are widely different in the two isotopo-
logues. More precisely, whereas the 2v¢ and v5 bands of
H'"NO; have an intensity ratio of about 0.75 this ratio is
about 0.22 for H15N03. This means that, on a relative basis,
the 5 band of H'*NOj; is much stronger than the v5 band of
H'"NO;. This can be seen in Figure 1 where we have
plotted both simulated spectra. In particular the Q-branch of
the vs band of H'’NO; is much stronger than the
corresponding Q-branch of H'*NO;. This favorable situa-
tion pushed us to search for the evidence of the 5 spectral
signature of H'SNO; in atmospheric limb-emission spectra
measured by MIPAS.

3. Observation of the Q-Branch of the 5 Band of
H'NOj; in the MIPAS Spectra

[4] The Michelson Interferometer for Passive Atmo-
spheric Sounding, onboard of the ENVISAT satellite,
measures the atmospheric limb-emission spectrum in the
middle-infrared. From July 2002 to March 2004 MIPAS has
been measuring with an unapodized spectral resolution of
0.035 cm ™' Full Width at Half Maximum (FWHM). In this
period MIPAS observations were acquired mainly in the so
called “nominal mode”, consisting of along-track, back-
ward looking, limb-scans in the altitude range from 6 to
68 km, with tangent altitude increments of 3 km in the range
from 6 to 42 km and coarser steps above.

[5] As a working hypothesis for the identification of
H'°NOj; in the MIPAS observations we have assumed, for
this molecule, an altitude distribution equal to the one of the
main isotopologue (determined from the same MIPAS
measurements) multiplied by the factor of 0.00365 that
corresponds to the '*N/'*N natural isotopic ratio. With this
assumption, the simulated MIPAS radiances show that the
maximum intensity of the vs Q-branch slightly exceeds
20 nW/(cm? sr cm ") in apodized spectra and occurs for
tangent altitudes around 20 km at about 871 cm™'. At this

1 of 4

69
70
71
72
73
74
75
76
7
78

79
80

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101


http://dx.doi.org/10.1029/2006GL028395

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

LXXXXX

Hot band

v

5 2v, H'NO,

Ll

Absorbance

T
880
Wavenumber [cm’']

860

Figure 1. H'YNO; and H'°NO; simulated spectra. The
intensity ratios of the v5 and 219 bands are very different for
the two isotopic species. In particular note the strong intensity
of the Q-branch of the vs band of H'’NO; (see text).

frequency the apodized Noise Equivalent Spectral Radiance
(NESR) is also about 20 nW/(cm” sr cm™') in the obsexryed
MIPAS spectra; these numbers require then to search for the
H'SNO; signature on averages of spectra in order to reduce
the NESR to a level significantly smaller than the'signal of
the v5 Q-branch. For this purpose we have selected good-
quality and probably cloud-free [Remedios, et “alyy2003]
observations acquired during the well-characterized and
consolidated ENVISAT orbit 2081 (from 24 July 2002).
Two sets of 213 spectra each were averaged within the
tangent altitude ranges from 15 to 23 km,tand from 24 to
32 km and apodized as outlined below. The NESR affecting
the average a]podized spectra is themexpected to be 1.5 nW/
(cm?® sr cm™ ).

[6] The strategy devised forthe detection of H'>’NO; in
the atmosphere consists in the comparison of the average
apodized MIPAS spectra withithe corresponding average of
apodized synthetic spectra. Synthetic spectra were calculated
both with (simulations of type A) and without (simulations
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of type B) the contribution of the v5 Q-branch transitions of 121

H'’NO;. The individual synthetic spectra were generated
using the MIPAS Level-2 products retrieved by the ground
processor of the European Space Agency (ESA) by analyz-
ing the same set of measured spectra; furthermore, the
chemical species not retrieved by ESA were assumed to
be distributed according to their climatological average
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[Remedios, 1999] relating to season and latitude band of 128

the corresponding observation. The forward model used to

129

generate the synthetic ;spectra includes the capability of 130

modeling the horizontal, variability of the atmosphere and

131

was derived from the algorithm described in the work of 132

Carlotti et al. [2006].3Figure 2 refers to the 15-23 km
tangent altitudes tange, and a frequency interval where the
vs Q-branch of H™N@¥ is expected to appear. Figure 2a
shows the average:measured spectrum (solid line) and the
average simulation of type A (dashed line); the evident
spectral features in Figure 2a are due to the main isotopo-
logueyof mitric, acid. The solid line Figure 2b shows the
residual spectrum (solid minus dashed lines of Figure 2a).
From/Figure 2 it is clear that there is a significant discrep-
ancy between average observation and simulation, due to a
background signal, making tricky the visual interpretation
of the residual. In the 24—32 km tangent altitudes range the
size-of the discrepancy due to the background signal is
about half the one in Figure 2.

[7] In order to provide a reliable interpretation of the
residuals we decided to exploit the Residual and Error
Correlation (REC) analysis [Dudhia, 2002; Flaud et al.,
2006] that permits to characterize objectively a residual
spectrum in terms of its consistency with the known error
sources that may affect both the observed and the simulated
spectra. The REC analysis was applied to the simulations
obtained with the contribution of the H'>NOj; transitions
(type A simulations) and considering all the known error
sources due to both the instrument and the atmospheric
models but the errors due to the HNO; distribution and to
the spectroscopic data. The REC analysis highlighted that it
is possible to capture the shape of the observed residual
spectrum using a linear combination of known error con-
tributions. Among these, the dominating contributions are
the instrumental offset and any error source that acts as an
atmospheric continuum, i.e. with a frequency-independent
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Figure 2. (a) Average of 213 MIPAS apodized spectra in the 15-23 km tangent altitude range (solid line) and the
corresponding simulation that includes the H'°NO; transitions (dashed line). (b) Residual spectrum (solid line: solid minus
dashed lines of Figure 2a) and the residual spectrum simulated by the REC analysis (dashed line).
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Figure 3. (a) Average of 213 MIPAS spectra in the 15-23 km tan
in Figure 3a and the corresponding simulation that includes the H

gent altitude range. (b) Difference between the spectrum
' NOX transitions (solid line) and the difference between

the spectrum in Figure 3a and the simulation without the H'’NOj5 transitions (dashed line). (c) Difference between
simulated spectra including and excluding H'*NOs, i.e. differénce between the dashed and continuous lines in Figure 3b.

contribution to the absorption coefficient. Figure 2b‘illus-
trates how the REC-analysis simulated residual (dashed
line) fits the observed average residual (solid line) in the
altitude range from 15 to 23 km.

[8] Our forward model considers for/the simulation all
the transitions included in the HITRAN MIRAS PF 3.2
database [Flaud et al., 2006] up to 25 ety away from each
spectral element, furthermore it includes the models for the
main gaseous continua (H,O, N, Ox)ufClough, 1995;
Lafferty et al., 1996; Thibault et al.,"1997]. Therefore we
think that such a large continuumslike diserepancy detected
in the residuals could be attributed tovene or several of the
following causes:

[o] 1. Inaccuracy of the adopted models for gaseous
continua. However this isva.pretty unlikely hypothesis as
in the considered altitude range the contribution of gaseous
continua is negligible compared to the measurement noise.

[10] 2. Underestimated amount of CFC12 in the simu-
lations. This CFC contributes to the limb radiance observed
in the considered spectral region, however this hypothesis is
also unlikely since the concentration of CFCI12 is relatively
well known.

[11] 3. Possible presence in the field of view of some
limb-observations of high clouds (around the equator) and
PSCs (over the Antarctic polar winter) that are not
accounted for in our forward model.

[12] Among these causes, contamination of observations
by clouds is considered the most likely due to the amplitude
of the produced error on the residuals.

[13] Regarding the instrumental offset detected by the
REC analysis, since its effect on the spectrum is very similar
to the effect of any continuum-like contribution, it is
measured with a very large error. Despite of that, the
instrumental offset obtained from the REC analysis is
consistent with the specified MIPAS radiometric accuracy.

[14] The simulated residual spectrum best fitting the one
observed with simulations of type A was then added to the
average simulations of both types A and B in order to
compensate for the errors identified by the REC analysis.
After this correction, the average simulated spectra were
again compared with the corresponding average observa-
tions. Figures 3 and 4 show the results of the comparison for
the tangent altitude ranges from 15 to 23 km and from 24 to
32 km respectively. Figures 3a and 4a show the average
observations. Figures 3b and 4b show the difference
between the spectrum in Figures 3a and 4a and the
corresponding REC analysis corrected simulation with
(solid line) and without (dashed line) the H'°NO; transi-
tions. Figures 3c and 4c show the difference between the
dashed and the continuous lines of Figures 3b and 4b; the
curves in Figures 3¢ and 4c represent the signal due to
the H'>NOj5 transitions.

[15] All the observed and simulated spectra presented in
this paper were apodized in order to attenuate the composite
contribution of the sidelobes due to the strong spectral
features of the HNO; main isotopologue. The adopted
apodizing function is a modified “Norton-Beer strong”
function [Norton and Beer, 1977] whose FWHM is
0.12 cm™ ! that is narrower than the approximate FWHM
of the vs Q-branch which is about 0.22 c¢m™'. This
apodizing function is therefore suitable to damp the side-
lobes without introducing a significant broadening the
H'’NO; Q-branch.

[16] In Figures 3 and 4 the spectral contribution of
H'’NO; is clearly visible and its variation with altitude is
consistent with the assumed profile shape.

4. Conclusions

[17] Using the most recent and accurate spectral line
parameters concerning H'*NO; and H'°NOs in the 11.2 ym
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Figure 4.

spectral region it has been possible to model accurately
MIPAS spectra allowin% to detect for the first time the
spectral signature of H'°NO; in atmospheric spectra. A
rough estimate, obtained comparing the intensity of the
observed signals with the noise level, leads to estimate that
the natural 'N/'*N isotopic ratio of 0.00365 issebserved
with about 20% uncertainty in the stratospheri¢ nitriclacid.
Further investigations are in progress in/order to determine
the altitude distribution of H 5NO3 and verify,'with a better
accuracy, its possible enrichment in thesstratosphere with
respect to the natural >N isotopic abundance.

[18] Acknowledgment. The authors are grateful to Anu Dudhia from
Oxford University for providing the error Spectra used in this study.
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