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ABSTRACT

We consider the implications of a nonuniform turbulent diffusion due to the local saturation of a gravity
wave via convective instabilities. It is found that both wave and turbulence fluxes of heat can be reduced
dramatically, depending on the amplitude of the wave motion and the extent to which the turbulent diffusion
is localized. These results suggest that previous studies that assumed a uniform turbulent diffusion may have
overestimated the heat and constituent fluxes due to gravity wave saturation.

1. Introduction

The turbulent breakdown of gravity wave motions
in the middle atmosphere via convective instabilities
was first suggested to occur due to the exponential
growth of such wave motions with height by Hodges
(1967) and Lindzen (1967, 1968). Subsequent studies
addressed the consequences of such breakdown in
both the atmosphere and the oceans. The turbulent
diffusion needed to offset wave growth with height in
an unsheared environment was calculated numeri-
cally by Hodges (1969) and by Hines (1970) using
the viscous dissipation arguments of Pitteway and
Hines (1963). Other investigators (Orlanski and Bryan,
1969; McEwan, 1971, 1973, 1983a,b; Orlanski, 1972;
Delisi and Orlanski, 1975; Fritts, 1982; Koop and
McGee, 1984) used analytic and laboratory techniques
to examine the conditions leading to convective in-
stability. These studies observed convective instability
rather than dynamical instability of the wave field in
most instances, despite the fact that regions of dy-
namical instability (Ri < %) must occur first in the
presence of a vertical mean wind shear. Evidence of

_convective instability in the middle atmosphere is
provided by observations of superadiabatic lapse rates
throughout the stratosphere and mesosphere obtained
using a variety of instrument systems (Theon et al.,
1967; Philbrick et al., 1983). .

Motivated in part by the atmospheric observations,
Lindzen (1981) made the first attempt to describe, in
a quantitative manner, both of the principal effects
of gravity wave saturation now thought to be impor-
tant in the middle atmosphere. Like Hodges (1967,
1969), Lindzen assumed that diffusion results from
the turbulence required to limit gravity wave ampli-
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tudes. However, 'Lindzen also recognized that the
vertical convergence of momentum flux due to a
saturated wave motion must produce a deceleration
of the mean flow towards the phase speed of the
gravity wave. For simplicity, the turbulent diffusion
resulting from wave saturation was assumed by Lind-
zen to be uniform throughout the wave field. The
same assumption was employed by Holton (1982,
1983), Schoeberl ef al. (1983) and Walterscheid (1984)
in numerical studies of the effects of gravity wave
saturation on the thermal and momentum budgets
of the middle atmosphere.

In practice, however, the level of turbulence asso-
ciated with gravity wave saturation is both expected
and observed to vary throughout the wave field
(Fritts, 1984). Atmospheric observations have revealed
the presence of thin turbulent layers due to internal
gravity waves (Cadet, 1977; Sato and Woodman,
1982; Wand et al., 1983), while laboratory studies
have shown turbulence to be due to the local convec-
tive instability of such waves (Koop, 1981; McEwan,
1983a; Koop and McGee, 1984). Numerical studies
have employed Richardson number-based turbulence
parameterization schemes, local convective adjust-
ment, or direct simulation to represent the effects of
convective instability (Orlanski and Ross, 1973; Dur-
ran and Klemp, 1982; Fritts, 1982; Dunkerton and
Fritts, 1984; Fritts and Dunkerton, 1984). Results of
the numerical studies employing local convective
adjustment, in particular, were found to be in reason-
able agreement with certain predictions of linear and
quasi-linear saturation theory (Lindzen, 1981; Dunk-
erton, 1982; Coy, 1983).

The purpose of this paper is to examine the impli-
cations of a nonuniform turbulent diffusion in the






