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[1] The severe Arctic ozone reduction in the winter
2004/2005 is analyzed using ACE-FTS observations and
four different analysis techniques: correlations between
ozone and long-lived tracers (adjusted to account for
mixing), an artificial tracer correlation method, a profile-
descent technique, and the empirical relationship between
ozone loss and potential PSC volume. The average maximum
ozone loss was about 2.1 ppmv at 475 K—500 K (~18 km—
20 km). Over 60% of the ozone between 425 K—475 K
(~16 km—18 km) was destroyed. The average total column
ozone loss was 119 DU, ~20—30 DU larger than the largest
previously observed Arctic ozone loss in the winter 1999/
2000. Citation: Jin,J.J., etal. (2006), Severe Arctic ozone loss in
the winter 2004/2005: observations from ACE-FTS, Geophys. Res.
Lett., 33, L15801, doi:10.1029/2006GL026752.

1. Introduction

[2] The Atmospheric Chemistry Experiment (ACE) is a
Canadian satellite mission (SCISAT-1) whose primary sci-
ence objective is to study processes related to Arctic
stratospheric polar ozone (O3) loss [Bernath et al., 2005].
The primary instrument is a high spectral resolution
(0.02 cm™ ") Fourier Transform Spectrometer (ACE-FTS)
operating from 2.3 to 13.3 pum (750-4400 cm ') that
measures temperature and many species involved in
ozone-related chemistry. The retrieval approach for temper-
ature, pressure, and volume mixing ratios (VMRs) is
described by Boone et al. [2005]. Validation studies of
ACE-FTS version 1.0 and 2.1 data show that stratospheric
ozone is in good agreement with the observations from
instruments including GOMOS [Fussen et al., 2005],
HALOE [McHugh et al., 2005], POAM I1I, SAGE III,
ozonesondes [Walker et al., 2005], Odin/OSIRIS [Petelina
et al., 2005], and EOS MLS [Froidevaux et al., 2006]. In
this study the new version 2.2 ACE-FTS data with updated
O; retrievals, which give more consistent results in the
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lower stratosphere, are employed to analyze the Arctic O;
loss during the winter 2004/2005.

[3] To quantify chemical O5 loss throughout the winter,
and to isolate it from dynamical effects, a tracer correlation
method has been used [e.g., Proffitt et al., 1990; Miiller
et al., 1997; Salawitch et al., 2002]. This method assumes
that the correlation between O; and a long-lived tracer is
preserved inside the polar vortex if there is no chemical
O3 reduction, and thus any change of the correlation
relationship yields information on chemical O3 loss. How-
ever, mixing inside the polar vortex and across the vortex
edge can also change the correlations. Rex et al. [2002] and
Miiller et al. [2005] argued that neglecting mixing across
the polar vortex edge could only result in an underestima-
tion of the chemical Os loss. For the winter 1999/2000,
when the largest ever Arctic Oz loss was reported [World
Meteorological Organization (WMO), 2003], mixing across
the vortex edge was negligible [Ray et al., 2002; Richard
et al., 2001; Salawitch et al., 2002]. Ray et al. [2002] also
showed that mixing within the vortex can be responsible
for most long-lived tracer correlation changes. In a study
on denitrification, Rex et al. [1999] proposed a mixing-line
technique to correct for the effects of mixing across the
vortex edge when using the correlation method. Later,
Esler and Waugh [2002] composed an artificial tracer that
has a linear relation with the nitrogen family (NO,), so
mixing does not change the correlations, to get a robust
estimate of denitrification. Here, the correlation method
with the mixing correction and the artificial tracer method
are both used to quantify the Os loss. In addition, a profile-
descent method [Manney et al., 2006] (hereinafter referred
to as MG2006) is used. Finally, Rex et al. [2004] showed
that there exists a quantitative empirical linear relation
between the Arctic total column chemical Oz loss and the
potential PSC volume from mid-December to March, which
offers another tool for chemical O5 loss estimation.

2. O3 Reduction Analyses from Correlations
between O3 and Long-Lived Tracers

[4] The SCISAT-1 orbit allowed ACE-FTS to observe the
Arctic (50°N—80°N) between 1 January and 26 March
2005, and the data at potential temperatures 350 K—1700
K (~12 km—45 km) are used here. We consider measure-
ments north of 50°N with sPV (scaled potential vorticity
[Manney et al., 1994]) >1.8 x 10~* s~' above 450 K and
sPV > 1.4 x 107* s~ between 350 K—450 K to be inside
the polar vortex. Measurements with sPV < 1.0 x 10 *s™!
are categorized as outside the polar vortex. We estimate the
O; loss between 1—7 January 2005 and 8—15 March 2005,
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