GEOPHYSICAL RESEARCH LETTERS, VOL. 33, L19814, doi:10.1029/2006GL027687, 2006

Click
Here
for
Full
Article

Denitrification in the Arctic winter 2004/2005: Observations from

ACE-FTS
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[1] Arctic denitrification in the winter 2004/2005 is
analyzed using measurements from the satellite instrument
ACE-FTS. Two methods based on changes in the
correlations of odd nitrogen (NOy) versus methane and
versus an artificial long-lived tracer are employed. The
observations show that significant denitrification occurred
in the region 15 km—-20 km and that it was spatially
inhomogeneous within the polar vortex. Before the vortex
breakup in mid-March 2005 a maximum denitrification of 8 +
0.8 ppbv, accounting for a relative reduction of over 50%, was
observed at ~450 K (~17 km) using both methods. When
averaged over the polar vortex for the first half of March, the
denitrification at this level was about 4.4 ppbv and 5.0 ppbv
from the artificial tracer method and the correlation method,
respectively. Citation: Jin,J.J.,K. Semeniuk, G. L. Manney, A. 1.
Jonsson, S. R. Beagley, J. C. McConnell, C. P. Rinsland, C. D.
Boone, K. A. Walker, and P. F. Bernath (2006), Denitrification in
the Arctic winter 2004/2005: Observations from ACE-FTS,
Geophys. Res. Lett., 33, 1L19814, doi:10.1029/2006GL027687.

1. Introduction

[2] Denitrification refers to the permanent removal of odd
nitrogen (NOy) from the polar lower stratosphere, and is
caused by the sedimentation of polar stratospheric clouds
(PSCs) that contain nitric acid (HNO;). Polar ozone loss in
spring is caused by catalytic reactions between odd oxygen
(O + 03) and active chlorine (Cl, C1O0 and HOCI) and active
bromine (Br, BrO, and HOBr), which are activated through
heterogeneous reactions on the surface of PSCs and are
deactivated through reactions with nitrogen dioxide (NO,)
and methane (CH,). Therefore denitrification can delay
chlorine deactivation and consequently prolong polar ozone
reduction [e.g., Santee et al., 1996; Rex et al, 1997,
Tabazadeh et al., 2000; Waibel et al., 1999]. This phenom-
enon occurs frequently in the Antarctic [e.g., Fahey et al.,
1990; Santee et al., 2004] because of the low winter temper-
atures. It occurs less frequently and denitrification is less
extensive in the Arctic as a result of the often disturbed Arctic
polar vortex and consequent higher temperatures. However,
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significant denitrification has been observed in the Arctic for
several exceptionally cold winters [Sugita et al., 1998; Kondo
et al., 2000; Fahey et al., 1990, 2001; Popp et al., 2001].

[3] The Arctic winter 2004/2005 was particularly cold
[Kleinbohl et al., 2005; Manney et al., 2006], and there
was significant polar stratospheric cloud formation (A. Y.
Zasetsky et al., manuscript in preparation, 2006). Consequent
severe ozone loss has been reported [Jin et al., 2006; Manney
etal.,2006; von Hobe et al., 2006; Singleton et al., 2006], and
denitrification has been seen in airborne [Kleinbohl et al.,
2005]and EOS MLS [Schoeberl et al., 2006] observations. In
addition, chlorine activation and deactivation during this
winter was analyzed by Dufour et al. [2006]. In this study
we use the version 2.2 data from the satellite instrument ACE-
FTS [Bernath et al., 2005] to analyze the denitrification for
this winter. ACE-FTS is a Fourier Transform Spectrometer
with a vertical resolution of ~ 3—4 km; details of the retrieval
approach are described by Boone et al. [2005].

[4] A useful approach to study polar denitrification is the
correlation method [e.g., Fahey et al., 1990; Popp et al.,2001].
In this method, the deviation from the standard correlation of
NO, versus a long-lived tracer is interpreted as denitrification.
However, it has been shown that this method can overestimate
the extent of denitrification [Michelsen et al., 1998] since
tracer correlations can also be altered by mixing processes. Rex
et al. [1999] used a mixing-line method to analyze denitrifi-
cation assuming that mixing occurs in a single mixing event.
Later, Plumb et al. [2000] showed that the mixing-line method
was unable to remove all of the mixing effects. To avoid some
of these problems, Esler and Waugh [2002] composed an
artificial tracer that has a linear relation with NO,, so that
mixing does not change the correlations, to get a robust
estimate of denitrification.

[5] The signature of depleted NOy must be viewed with
caution as HNOj3 can be temporarily sequestered in PSCs,
such as supercooled ternary solutions (STS), which are
sufficiently small that they sediment too slowly for HNO;
removal. A potential indirect signature of denitrification
via sedimentation is the increase of NO, mixing ratios at
lower altitudes when large PSC particles such as HNOs;—
containing Nitric Acid Trihydrate (NAT) “‘rocks” evaporate
[cf. Waibel et al., 1999; Kleinbohl et al., 2005].

[6] In this study we estimate the denitrification from both
the correlation method and the artificial tracer method. We
also observe the signature of evaporated NO, at lower
altitudes.

2. Results and Discussion

[7] We have analyzed ACE-FTS measurements between
350 K-1000 K (~12 km—35 km) in the Arctic (50°N-
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