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ABSTRACT 

A theoretical and modelling study is undertaken of an airstream of uniform flow ( U) and 
stratification (N) impinging normally upon a two-dimensional bell-shaped ridge of half-width 
(L) and height (H) that is located on an/-plane. The associated Rossby number (R 0 = U/JL) 
and inverse Froude Number (F= NH/U) are taken to be such that the effects of both the earth's 
rotation and non-linear processes can significantly influence the nature of the flow response. It 
is shown that within this intermediate meso-r:x./P scale sub-domain of (R 0 , F) parameter space 
there are several distinctive signatures to the flow response, and each signature is associated with 
the generation of appreciable buoyancy wave energy. As R 0 decreases across the sub-domain, the 
source for this wave energy changes continuously from the conventional direct orographic 
forcing of vertically propagating waves (for R 0 > 1 ), to that linked with the cusping of a leeward 
train of low-level near-inertial waves (for R 0 ,..., 1 ), and thereafter to the forcing induced by the 
adjustment that accompanies the scale contraction of balanced flow (for R 0 < 1 ). In effect this 
change highlights the various pathways to regime transition within the intermediate domain. 

1. Introduction 

Many elongated mesoscale mountain ranges in 
mid-latitudes, e.g., the European and Southern 
Alps, the Appalachians, the Pyrenees, and the 
Scandinavian Highlands, are characterized by a 
half-width L,..,, 50-200 km and a mean ridge height 
H,..,, 500-2000 m. Thus for an airstream incident 
normally upon such terrain the values of the 
Rossby number (R 0 = U/fL) and inverse Froude 
Number (F= NH/U) lie· characteristically in the 
range R 0 "" [!-2] and F"" [!-2]. At these 
intermediate values of (R 0 , F), the effects of both 
the earth's rotation and non-linear processes can 
be significant. Moreover the width-to-length ratio 
(,..,, 1/10) of these ranges suggest that the response 
can have a substantial quasi two-dimensional 
component. 

It is the combined influence of rotation and 
nonlinearity in a quasi-steady, two-dimensional 
flow setting that forms the theme of the present 
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theoretical study. To this end we consider an 
inviscid, Boussinesq and incompressible flow 
system, and base the study upon the paradigmatic 
configuration of an airstream of uniform flow and 
stratification impinging normally upon a two­
dimensional ridge on an /-plane. In this setting R 0 

and Fare the key dimensionless parameters, and 
a range of previous theoretical and numerical 
modelling studies have elicited the nature of the 
flow response in various sub-domains of the 
( R 0 , F) parameter space. 

In the limit of small ridge height (F ~ 1) linear 
theory provides an useful indication of the 
response (Gill, 1982). For R 0 > 10, i.e., weak rota­
tional influence- the hydrostatic response takes the 
form of almost non-dispersive buoyancy waves 
that propagate at a small angle to the vertical and 
exhibit an across ridge asymmetry with de/accele­
ration of the low-level flow up/downstream of the 
crest. For R 0 "" 1 the dominant perturbations 
take the form (Pierrehumbert, 1984) of inertia­
buoyancy waves for R 0 ,.., 1 + and pseudo­
geostrophic waves for R 0 ,..,, 1 _, and both are 
associated with comparatively large amplitude. 
The former are dispersive and characterized by 
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