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[1] A major stratospheric sudden warming (SSW) in
January 2009 was the strongest and most prolonged on
record. Aura Microwave Limb Sounder (MLS) observations
are used to provide an overview of dynamics and transport
during the 2009 SSW, and to compare with the intense,
long-lasting SSW in January 2006. The Arctic polar vortex
split during the 2009 SSW, whereas the 2006 SSW was a
vortex displacement event. Winds reversed to easterly more
rapidly and reverted to westerly more slowly in 2009 than in
2006. More mixing of trace gases out of the vortex during
the decay of the vortex fragments, and less before the
fulfillment of major SSW criteria, was seen in 2009 than in
2006; persistent well-defined fragments of vortex and
anticyclone air were more prevalent in 2009. The 2009
SSW had a more profound impact on the lower stratosphere
than any previously observed SSW, with no significant
recovery of the vortex in that region. The stratopause
breakdown and subsequent reformation at very high
altitude, accompanied by enhanced descent into a rapidly
strengthening upper stratospheric vortex, were similar in
2009 and 2006. Many differences between 2006 and 2009
appear to be related to the different character of the SSWs
in the two years. Citation: Manney, G. L., M. J. Schwartz,
K. Kriiger, M. L. Santee, S. Pawson, J. N. Lee, W. H. Daffer,
R. A. Fuller, and N. J. Livesey (2009), Aura Microwave Limb
Sounder observations of dynamics and transport during the
record-breaking 2009 Arctic stratospheric major warming,
Geophys. Res. Lett., 36, L12815, doi:10.1029/2009GL038586.

1. Introduction

[2] Major stratospheric sudden warmings (SSW) dramat-
ically disrupt the typical wintertime circulation of the
stratosphere and mesosphere. They are triggered by anom-
alous wave activity propagating from the upper troposphere
and may, in turn, affect tropospheric weather patterns [e.g.,
Baldwin and Dunkerton, 2001]. Climate-change induced
alterations in SSW frequency and characteristics are expected
due to changes in the Brewer-Dobson circulation, and such
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changes will in turn impact stratospheric ozone (O3) loss and
recovery and tropospheric climate [e.g., Charlton-Perez et
al., 2008; World Meteorological Organization, 2007]. Only
in the past few years have sufficient data been available to
thoroughly study dynamics and transport during SSWs from
the upper troposphere through the mesosphere. An unusually
strong, prolonged SSW in January 2006 was the first to be
characterized in detail using recent data sets: Upward prop-
agating waves generated above a ridge in mid-January 2006
led to a breakdown of the stratospheric vortex [Coy et al.,
2009], with criteria for a major SSW (10 hPa zonal mean
winds and temperature gradient reversal poleward of 60°N)
fulfilled on 21 January [e.g., Manney et al., 2008b] (herein-
after referred to as M08). The stratopause broke down during
the SSW, then reformed at very high altitude (near 75 km)
[MOS; Siskind et al., 2007]. Trace gas observations indicate
enhanced descent into a strong reformed upper stratospheric/
lower mesospheric (USLM) vortex [e.g., Randall et al., 2006;
Manney et al., 2008a, 2009]. Manney et al. [2009] (herein-
after referred to as M09) used Aura Microwave Limb
Sounder (MLS) and Atmospheric Chemistry Experiment-
Fourier Transform Spectrometer data, with chemistry trans-
port model simulations and meteorological analyses from a
data assimilation system (DAS), to study transport during the
2006 SSW throughout the upper troposphere and middle
atmosphere.

[3] SSWs can be classified as vortex displacement or
vortex split events [e.g., Charlton and Polvani, 2007] (here-
inafter referred to as CP07). The 2006 SSW was a vortex
displacement event (M08). In January 2009, another very
strong prolonged major SSW occurred, this time a vortex split
event. The major SSW criteria were fulfilled on 24 January.
Differences are expected in dynamics and transport between
vortex split and vortex displacement events. We use temper-
ature, geopotential height and trace gas data from Aura MLS,
with meteorological fields from the Goddard Earth Observ-
ing System-Version 5.2.0 (GEOS-5) DAS, to survey dynam-
ics and transport during the 2009 SSW and to present initial
comparisons with the 2006 SSW. The MLS and DAS fields
and analysis methods are described by M08 and M09.

2. Dynamical Overview

[4] Figure 1 gives an overview of dynamics during the
2009 SSW using MLS temperature and geopotential height
(Z) data [Schwartz et al., 2008]; winds and static stability
are calculated as described by MO08. Starting on ~9 January,
unusually high values of maximum 45-55°N 147 hPa Z
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