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[1] A case study of a large-amplitude orographic gravity wave occurring over the
Antarctic Peninsula is presented, based on observations from the Vorcore balloon
campaign and on mesoscale numerical simulations. The Vorcore campaign (September
2005 to February 2006) consisted in the flight of 27 superpressure balloons in the core of
the Southern Hemisphere stratospheric polar vortex at altitudes of 16–19 km, from
September 2005 to February 2006. On 7 October 2005, one of the balloons exploded as
it was flying above the Antarctic Peninsula. The observations collected by another
balloon that was flying during the same time period above the peninsula suggest the presence
of a very intense gravity wave (peak-to-peak amplitude of the order of 25–30 m s�1 in
zonal and meridional velocity disturbances). The wave packet is likely undersampled in
the balloon observations because of its high intrinsic frequency, but the balloon data set is
complemented with high-resolution numerical simulations carried out with the Weather
Research and Forecast Model. The simulations are validated by comparison with the
balloon measurements and show that the wave was breaking in the lower stratosphere at the
time and height where the balloon exploded. The simulations highlight several
consequences of the mountain wave on the stratosphere: forcing of the mean flow,
generation of secondary inertia-gravity waves, and turbulence and mixing. In particular, the
momentum fluxes are calculated and are found to compare well with the estimates from
balloon measurements. The large values found are likely extreme values, which raises the
issue of their representativity. To discuss this, the balloon measurements are used in
conjunction with operational analyses to estimate the frequency of such large-amplitude
gravity waves, i.e., to provide an estimate of their intermittency.
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1. Introduction

[2] Internal gravity waves significantly influence the
dynamics of the atmosphere on both small and large scales.
On global scales, their upward transport of momentum
fluxes from the troposphere is essential to understand the
middle atmosphere circulation [Fritts and Alexander, 2003],
particularly in the mesosphere, but also in the stratosphere
[Haynes, 2005]. On scales of tens of kilometers, gravity
waves provide significant fluctuations of wind and temper-
ature which contribute to turbulence and mixing [Lane et
al., 2004; Koch et al., 2005], and influence processes that
are sensitive to temperature thresholds, such as polar
stratospheric clouds [Buss et al., 2004] or dehydration
[Potter and Holton, 1995]. It is becoming increasingly
appreciated that the gravity wave forcing, both in space
and time, is very variable [Fritts et al., 2006]. One impli-

cation is that this forcing can provide a secondary source of
inertia-gravity waves [Vadas et al., 2003]. This variability,
which is in part tied to the intermittency of wave sources, is
an important factor to determine the time-dependent (and,
through nonlinear processes, the time-averaged) response of
General Circulation Models to gravity wave forcing [Bühler,
2003; Piani et al., 2004].
[3] Specific motivations for the study of gravity waves in

high latitudes include their contribution to Polar Strato-
spheric Clouds and related microphysics [Dörnbrack et al.,
2002; Shibata et al., 2003; Höpfner et al., 2006]. The
possibility that mountain waves, in particular above the
Antarctic Peninsula, contribute locally to PSCs was already
highlighted in one of the earliest papers on large-amplitude
gravity waves in that region [Gary, 1989]. On a larger scale,
they are also primarily responsible for the Southern Hemi-
sphere polar vortex temperatures that are much warmer than
those implied by pure radiative considerations [Hamilton et
al., 1995]. A better representation of gravity waves in
General Circulation Models (GCM) would provide a better
forcing for the meridional circulation in the stratosphere,
and hence very likely contribute to reduce the common
‘‘cold pole bias’’ [Pawson et al., 2000; Austin et al., 2003].
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