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ABSTRACT 

The object of this paper is to describe the generation of mountain gravity waves when the inci­
dent wind is transient. The incident flow is a stably stratified fluid which velocity starts from zero 
at a given time and returns to zero after a finite time. For the mountain, both a single harmonic 
and a single ridge topography are considered. The nature of transient effects on the disturbance 
is discussed according to the value of the parameter, e = U0 trf L, which measures the ratio 
between the time scale tr of the temporal variation of the incident wind and the advective time 
scale L/U0 • L and U0 characterize the horizontal extension of the mountain and the incident 
wind intensity respectively. Situations for which e ~ 1 are referenced as quasi-steady and the 
wavefield can be conveniently described using ray-tracing techniques. Situations for which e ~ 1, 
are referenced as very unsteady, and essentially reduce to a ground vibrating disturbance 
generated in a fluid at rest. In this paper, we consider both limit configurations as well as inter­
mediate ones. This allows us to describe various mechanisms of generation of unsteady mountain 
waves. The incidence of the unsteadiness on the amplitude of the gravity wave momentum flux 
and on the location of the mountain wave breaking level are also discussed. 

1. Introduction 

The first comprehensive theoretical description 
of the atmospheric mountain gravity waves was 
made in the linear case by Queney ( 194 7) and 
Scorer ( 1949 ). Thereafter, linear and nonlinear 
studies have been developed in order to give a 
comprehensive picture of these waves and of 
the associated severe downslope windstorms 
occurring in the lee of mountains (Long, 1953; 
Peltier and Clark, 1979; Durran, 1986; Durran and 
Klemp, 1987; Klemp and Lilly, 1975; Bacmeister 
and Pierrehumbert, 1988 ). These studies typically 
assume that the incident flow is steady, although 
some unsteadiness in the wave field can result from 
the start up of the incident flow (Palm, 1953; 
Jusem and Barcilon, 1985) or from local insta­
bilities of the main wave (Laprise and Peltier, 
1989; Bacmeister and Schoeberl, 1989). Never-
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theless, the energy of the disturbance remains 
transported by a main stationary wave because the 
incident flow becomes steady after a finite time. 

Observations show that this assumption is not 
always valid. Some atmospheric examples can be 
found in Buzzi and Tibaldi (1977) which depicts 
a cold front interacting with a mountain range. 
More common geophysical examples of transient 
flow interaction with topography have been 
studied by oceanographers (Bell, 1975; Hibiya, 
1986) in the context of the interaction between the 
fluctuating tides and the bottom topography (see 
Maas and Zimmerman (1989) for a review and a 
complete reference list). In this oceanic context, 
the mean flow varies as a single harmonic in time, 
allowing certain simplifications in the mathemati­
cal treatment of the problem. Nevertheless, in the 
atmospheric case, such a temporal structure of the 
incident flow is not relevant, the time variations 
induced by the atmospheric tides being small in the 
troposhere as compared to those induced by the 
synoptic disturbances. This is not true in the upper 
stratosphere where the daily fluctuations induced 
by tides and planetary waves of short period may 








































