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ABSTRACT

The excitation and propagation of inertia—gravity waves (IGWs) generated by an unstable baroclinic wave
was examined with a high-resolution 3D nonlinear numerical model. IGWs arose spontaneously as the tropo-
spheric jetstream was distorted by baroclinic instability and strong parcel accelerations took place, primarily in
the jetstream exit region of the upper troposphere. Subsequent propagation of IGWs occurred in regions of strong
windspeed—in the tropospheric and stratospheric jets, and in a cutoff low formed during the baroclinic lifecycle.
IGWs on the flanks of these jets were rotated inward by differential advection and subsequently absorbed by the
model’s hyperdiffusion. Although absorption of IGWs at the sidewalls of the jet is an artifact of the model, IGW
propagation was for the most part confined to regions with an intrinsic period shorter than the local inertial
period. Only a few IGWs were able to penetrate the middle stratosphere, due to weak winds or an unfavorable
alignment of wavevector with respect to the mean flow.

IGWs are important both as a synoptic signal in the jetstream, which may influence subsequent tropospheric
developments, and as a source of isentropic or cross-isentropic mixing in the lower stratosphere. The authors’
results demonstrated for the first time numerically a significant isentropic displacement of potential vorticity
isopleths due to IGWs above the tropopause. Since conditions for IGW propagation are favorable within a jet,
a region of strong isentropic potential vorticity gradient, it is likely that inertia—gravity waves affect the per-
meability of the lower stratospheric vortex and may in some instances lead to stratosphere—troposphere exchange.
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1. Introduction

Inertia—gravity waves (IGWs) are ubiquitous
within the atmosphere, especially the upper tropo-
sphere and lower stratosphere. These motions are
characterized by short vertical wavelengths (~1-5
km) and small intrinsic frequencies & near the Cor-
iolis frequency f(Barat 1983; Yamanaka and Tanaka
1984; Thomas et al. 1992; Sato 1994). Their hori-
zontal scale, which is usually estimated rather than
measured, is thought to be large (~200-1000 km)
compared to mesoscale gravity waves. While mo-
mentum transport is ascribed to mesoscale waves
(Fritts 1984), it is the role of IGWs in constituent
mixing, and not momentum transport, that is proba-
bly more relevant. IGW mixing may be isentropic
(Pierce and Fairlie 1993; Ledwell et al. 1993), like
that of synoptic-scale baroclinic waves, or cross is-
entropic due to instabilities arising within the wave
field (Dunkerton 1984; Fritts and Rastogi 1985).
Notwithstanding the importance of IGW propaga-
tion, breaking, and absorption, one would also like
to know something about the excitation of these
waves and whether their geographical and climato-
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logical variability can be understood in terms of the
postulated forcing mechanisms.

The origin of inertia—gravity waves is ambiguous
because regions of strong mean flow are a favored locus
of IGW excitation and propagation (Dunkerton 1984 ).
IGWs observed within or above the tropospheric jet-
stream were not necessarily excited there: due to their
slow propagation, the source may have been as far
away as the Tropics (Ushimaru and Tanaka 1990).
Case studies often suggest a connection between IGWs
and nearby synoptic weather systems (Sato 1989, 1993,
1994; Chan et al. 1991; Thomas et al. 1992; Eckermann
and Vincent 1993). Therefore it is likely that extra-
tropical sources dominate. That gravity wave variance
increases above oceanic frontal systems and jetstreams
(Fritts and Nastrom 1992) indicates that sources other
than topography are important—an essential observa-
tion for understanding gravity wave transport in the
Southern Hemisphere and Tropics. Part of the increase
is undoubtedly due to high-frequency waves launched
by moist convection or shear instabilities within frontal
zones. (It was primarily mesoscale variance that was
observed by Fritts and Nastrom.) However, one also
expects a low-frequency IGW component due to the
unstable baroclinic wave that would exist in the ab-
sence of convection, arising from the transiency of tro-
pospheric flow as it relaxes to a balanced state. In-a
rotating fluid this process is referred to as geostrophic
adjustment (Blumen 1972; Luo and Fritts 1993, and






