
Tellus (1996), 48A, 572-583 
Printed in UK - all rights reserved 

Copyright© Munksgaard, 1996 

TELL US 
ISSN 0280-6495 

Orogenic blocking and deflection of stratified air flow on an 
/-plane 

By SIGURD UR THORSTEINSSON1* and SVEN SIGURDSSON2
, 

1 Icelandic Meteorological Office, 
Bustadavegi 9, IS-150 Reykjavik, Iceland; 2Science Institute, University of Iceland, Dunhagi 3, IS-107 

Reykjavik, Iceland 

(Manuscript received 22 August 1995, in final form 21 February 1996) 

ABSTRACT 

The stationary, finite-amplitude, orogenic disturbance of a straight barotropic air current on 
the rotating earth is studied numerically on the basis of quasi-static equations. Three quantifiable 
characteristics are defined in order to provide evaluation of the upstream flow structure: (i) the 
point of incipient splitting; (ii) the strength of blocking; (iii) the extent of streamline displacement. 
The numerical results have been used to investigate the dependence of these characteristics on 
the Rossby number, Ro, the non-dimensional mountain height, H, and the non-dimensional 
mountain shape factor, A (across-stream length/along-stream length), with the non-dimensional 
stability fixed. The experiments provide an indication of how the critical non-dimensional 
mountain height for stagnation and for splitting, respectively, depends on the Ro and A. The 
experiments show that the proportion of flow that goes around the mountain increases as A 
becomes smaller. For the cases when Ro· H ~A, the surface-level flows upstream of the moun­
tains are mostly or even fully diverted around it and partly blocked by the mountain. In 
agreement with the inferences drawn by Pierrehumbert and Wyman ( 1985), it is shown that 
for an across-stream length of mountains greater or equal to the radius of deformation, i. e., 
Ro· H ~A, the maximum extent of the upstream influence is of the order of the radius of 
deformation, Ro· H. For Ro· H ~A, this extent is limited by horizontal dispersion to a distance 
proportional to A. 

1. Introduction 

Deflection and blocking effects are of major 
interest when considering the interaction of moun­
tains with the atmosphere. Does the low-level air 
rise over or go around the mountain, or is it held 
back by the mountain? Implications of vertical 
dispersion, Coriolis force, and horizontal disper­
sion for the blocking and upstream splitting are 
considered in this paper. 

In the nonrotating case, the conditions for 
occurrence of flow stagnation upwind of 3-D 
obstacles have been considered by Smith (1980, 
1989) from linearized hydrostatic equations, 
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Smolarkiewicz and Rotunno ( 1990) from non­
linearized non-hydrostatic equations, and Smith 
and Gronas (1993) from non-linearized hydro­
static equations. Furthermore, Reisner and 
Smolarkiewicz ( 1994) considered these conditions 
by including an idealization of surface thermal 
forcing. 

Smith ( 1982) used linear theory to explain the 
effect of rotation on flow splitting in a three­
dimensional model. According to this theory, the 
first effect of the rotation is to change the hori­
zontal velocity field while the vertical velocity field 
remains unchanged. Moreover, the subgeostrophic 
flow upstream causes the air to flow around the 
mountain predominantly to the left, and the far 
field disturbance always has a low Rossby number 
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