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ABSTRACT

The usual assumption that vertically propagating internal gravity waves will cease growing with height once
their amplitudes are such as to permit convective instability anywhere within the wave is reexamined. Two

factors lead to amplitude limitation:

(i) wave clipping associated with convective mixing, and
(ii) energetic constraints associated with the rate at which the wave can supply energy to the convection.

It is found that these two factors limit supersaturation to about 50% for waves with short horizontal wavelengths
and high relative phase speeds. Usually the degree of supersaturation will be much less. These factors also lead
to a gradual, rather than sudden, cessation of wave growth with height.

1. Introduction

The general approach to gravity wave saturation over
the years has been to assume that, once gravity waves
reached an amplitude for which lapse rates (due to the
sum of the mean state and the gravity wave pertur-
bations) equalled the adiabatic lapse rate (beyond which
there would be local convective instability), further
wave growth would be suppressed (Lindzen, 1967,
1968, 1981; Lindzen and Blake, 1971; Hodges, 1968).
This specific amplitude is called the saturation ampli-
tude. Of course, it was realized that amplitudes would
have to be greater than this (i.e., supersaturated) to
actually maintain the convection, but it was assumed
that this excess amplitude would be negligibly small.!
The present paper attempts to assess this contention
in a simple but systematic manner. Qur approach is
twofold:

(i) We explicitly consider the wave clipping due to
convective mixing and its role in attenuating wave am-
plitudes?; and

! In this regard, it is sometimes argued that it is Ri < 0.25 (where
Richardson number Ri = N?/(U,%); N is Brunt-Viisild frequency
based on the sum of the wave and the mean state; U, is vertical shear
of the total horizontal velocity) rather than Ri < 0 (i.e., N? < 0)
which is the relevant instability criterion. However, for 0 < Ri < 0.25,
instabilities do not necessarily set on (Lindzen and Barker, 1985)
and when instabilities do set on, their growth rates are usually much
smaller than for Ri < 0. For thin unstable layers, this is readily dem-
onstrated by means of the semicircle theorems (Howard, 1961). We
will therefore stick with the convective criterion.

2 “Clipping” generally refers to a process that restricts the excursions
of a sinusoidal oscillation to a value less than the oscillation’s full
amplitude——thus clipping the osciilation. Frequently this clipping
applies only to the maximum positive excursion. As a result of con-
vective instability, excursions of —35T/dz (where 6T is the temperature
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(il) We require that the rate of generation of con-
vective motions in an unstable region be compatible
with the rate at which the breaking wave is supplying
energy to that region.

Superficially, the first aspect appears to allow sub-
stantial supersaturation, but the second aspect is much
more constraining. Nevertheless, we find that fast [¢
(horizontal phase speed) = 50 m s™!], short (27/k < 100
km) waves can supersaturate moderately, though
slower, longer waves do not. Even modest supersatu-
ration, however, can significantly modify such things
as the vertical distribution of mean stress due to break-
ing waves.

For purposes of simplicity and illustration we will
consider a monochromatic internal gravity wave of
specified frequency, o (or phase speed ¢), and horizontal
wavenumber, k, propagating through a static (or con-
stant U), isothermal basic flow (characterized by 7= T)
with a scale height H = RT/g. Saturation will occur in
this simple situation due to the growth of wave fields
as e??" where z is height. Supersaturation will lead to
wave “flattening” which will reduce the projection of
the flattened wave on the original wavenumber. The

perturbation associated with the wave and z is height) are restricted
to I' = d7/dz + g/c, (T is the basic state temperature, g is the accel-
eration of gravity, and ¢, is the heat capacity of air at constant pres-
sure). Such clipping is indicated in Fig. 1d. The consequences of such
convective clipping for oscillations in 87 at a particular level is flat-
tening of the sort shown in Fig. 1b. The terms “clipping” and “flat-
tening” will always be used in these senses.
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