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Introduction

The split-up of the Southern polar vortex in September/October 2002 offers a valuable opportunity to
study dynamical and chemical processes in the polar winter stratosphere. The active nitrogen
compounds NO and NO,, usually referred as NO,, play a crucial role in the stratospheric ozone
chemistry and the gquantification of their concentrations will allow us to improve knowledge of important
chemical processes in the stratosphere.

Vertical profiles of NO and NO, have been derived from high resolution atmospheric limb emission
spectra in the mid-infrared measured by the Michelson Interferometer for Passive Atmospheric Sounding

(MIPAS) on ENVISAT during and after the vortex split-up (September 20th to October 13th) in the
Southern hemisphere. In order to account for strong non-local thermodynamic equilibrium (non-LTE)
emissions, particularly of NO, a dedicated non-LTE retrieval scheme [1] has been applied which is
incorporated in the joint IMK/IAA MIPAS data processing facility [2].

NO and NO, retrieval

Non-LTE retrieval of NO and NO, have been performed with IMK/IAA data processor. Since chemical
non-LTE excitation of NO in the stratosphere depends on NO, concentrations, NO, was retrieved first
and the results were used in the successive NO retrieval.

NO NO,
tangent heights 20 -70 km 15-70 km
“ microwindows 1840 -1920 cm* | 1580 — 1630 cm
retrieval grid 0-120 km 0-200 km

regularisation

Tikhonov 1st order

Tikhonov 1st order

vertical resolution

10km @ 20-30 km
5 km @ 30-50km

7 km @ 20-30 km
4 km @ 30-50 km

noise error
non-LTE

1-3 ppb
included

0.2-0.8 ppb
included

Columns of typical averaging kernels for NO and
NO, retrievals

MIPAS - HALOE intercomparison of NO,

In order to validate the data products, MIPAS NO, has been compared to HALOE measurements for
data from July 24th, 2003 (orbits 2081 — 2083). Generally good agreement (< 2ppb) is reached in the
stratosphere except for the 30-40 km region. At these altitudes MIPAS NO, is 3ppb higher than HALOE
sunrise NO, and 3ppb lower than HALOE sunset NO,. This can be explained by diurnal NO, variations
due to NO, « N,Og conversion with amplitude of 5-6 ppb (maximum at sunrise, minimum at sunset) and
is consistent with results of the HALOE NO and NO, validation activities [3].
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NO=x: 20-SEP-2002 36.0 km
red=-200--170 pv-units @theta= 700K

NO=x: 22-SEP-2002 36.0 km.
red= -200 - -170 pv-units @ theta= 700 K

NO=x: 26-SEP-2002 36.0 km
red=-200--170 p @theta= 100K

NO= 13-OCT-2002
red=-200--170 pv-

36,0 km
@theta= 700 K
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Partitioning between NO and NO, at daytime

In order to proof the self consistency of NO and NO, data products, the measured partitioning of NO and
NO, has been compared to simple photochemical model calculations. Since photochemistry of NO, is
very fast, a steady state assumption for the NOx partitioning is valid. The NO/NO, ratio can then be
expressed by:
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The photolysis rates Jy, and Jo; are calculated by the IAA photochemical model. A correction for
albedo and multiple scattering has been applied to J.,. The kinetic rates for NO,+O, NO+O,, NO+CIO,
and O+0,+M have been taken from DeMore et al. [4]. Volume mixing ratios of O, and CIO, as well as p
and T for calculation of the total number density, have been retrieved from the same MIPAS data sets.
While for altitudes above 30 km generally good agreement between measurement and model is found,
below this altitude the measurements overestimate the NO/NO, ratio except for low solar zenith angles
(SZA). Possible reasons are systematic or smoothing errors in the retrieved quantities, in particular NO
(low vertical resolution below 30 km) or wrong temperature dependence of kinetic rates. Wrong modeling
of photolysis rates could explain the spread of NO/NO, for different SZA, but not the enhanced ratio for
high SZA in the lower stratosphere.
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