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Nitric acid in the stratosphere is mainly formed by the reaction . It is destroyed by

photolysis and by the reaction , on time scales of several days
[1]. During the polar winter HNO can be temporarily removed from the gas phase by the uptake of HNO into
particles of Polar Stratospheric Clouds (PSCs)(see e. g. [2]). It is released again when the PSC vaporizes.
However, as PSC particles grow they may get large enough to sediment due to the gravitational force [3]. This
process can irreversibly remove HNO from the polar stratosphere (denitrification).
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Introduction

The ASUR instrument [4] is an airborne microwave radiometer capable of measuring pressure broadened
emission lines of several trace gases like HNO , Ozone, HCl, ClO, and N O, among others. Using the
information of the pressure broadening, vertical profiles with an altitude resolution of 5 to 10 km in the lower
stratosphere can be retrieved.
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During the SOLVE/THESEO 2000 campaign theASUR instrument was mounted onboard NASA's DC-8. During
the three deployments - in the first half of December 1999, the second half of January 2000, and the first half of
March 2000 - more than 1400 measurements of gas-phase HNO were performed. Additionally N O was
measured several times on almost every flight [5]. The Langley Airborne Differential Absorption Lidar (DIAL)
onboard the DC-8 measured the aerosol backscatter ratio nearly continously to identify PSCs [6]. For the
following studies, only measurements of HNO were considered where no PSCs - defined by an aerosol
scattering ratio > 1 [7] - were observed. This should make sure that the HNO measurements only show effects
of chemistry and denitrification rather than temporary uptake of HNO in PSCs.
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Fig. 1: (a, left) Measured vertical profiles of HNO inside the vortexat equivalent latitudes > 70°, averaged over the different
deployments. The dotted lines indicate the standard deviation of the mean value. (b, middle) Measured profiles of N O inside the
vortex (equivalent latitude > 70°), averaged over the different deployments. The dotted lines show the standard deviation of the
mean value. The descent of the airmasses over the winter is clearly visible.(c, right) Calculated HNO averages for each
deployment using an HNO -N O correlation. The correlation was derived by fitting a 5th order polynomial to ASUR's HNO and
N O measurements during the 1st deployment. Using the N O measurements of the 2nd and 3rd deployment, respectively,
HNO values could be calculated for the case that no chemical changes and no denitrification were present. The dotted lines
show the estimated error, derived from the HNO and N O errors.
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Fig. 1 (a) shows ASUR measurments of vertical HNO profiles inside the vortex, averaged over the different
SOLVE deployments. In December peak values of 10 ppb where observed at peak altitudes around 22 km. Note
that the peak value as well as the peak altitude may be influenced byASUR's altitude resolution. From the HNO
and N O measurements (Fig. 1 b) during the 1st deployment an empirical correlation could be derived. Using
this correlation, the HNO distribution could be calculated assuming that changes are only coaused by diabatic
descent (Fig. 1 c). The peak altitude descends from 22 km to about 18 km but the peak value remains basically
unchanged. In contrast the HNO3 measurements of January show a lower peak value with a large standard
deviation suggesting that denitrification has already started to occur in parts of the vortex. In March a large
decrease in the volume mixing ratio of HNO3 is observed which should be partly caused by photolysis, and
partly by denitrification.
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Fig. 2: (a, left) ASUR measurements of HNO ,
averaged over the 1st deployment for the case
that the measurement was located both inside
the vortex (equivalent latitude > 70°) and within
a latitude band between 65°N and 75°N.The
dotted lines indicate the standard deviation of
the mean value. The measurement set is
compared with an HNO reference model [1]
for December at 70°N which is based on data
from the Limb Infrared Monitor of the
Stratosphere on the Nimbus 7 spacecraft. The
dotted lines show the standard deviation of the
mean value of the January dataset given in
[1].(b, right) Similar comparison as in (a) but for
ASUR measurements of the 3rd deployment
and the HNO reference model for March.
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To get an impression of the contribution of photolysis to the loss of HNO in March, the measurements are
compared with a reference model for HNO [1]. Theresults are shown in Fig. 2. While the measured values of the
1st deployment exceed the reference values of December up to altitudes around 21 km, the measured values of
the 3rd deployment are considerably lower at altitudes above 16 km than the corresponding values of the March
reference. This indicates that significant denitrification had occurred througout the vortex in the lower
stratosphere at the beginning of March.
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Denitrification in the Arctic vortex has been studied using gas-phase HNO measurements by ASUR in
combination with DIAL measurements of the aerosol scattering ratio. Variations observed in the HNO values in
the second half of January suggest that denitrification had started in parts of the vortex by then. Comparisons
with an HNO reference model indicate that significant denitrification of the lower stratosphere had occurred
throughout theArctic vortex by the beginning of March.
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