
ENCYCLOPEDIA OF THE ATMOSPHERIC SCIENCES: LEE VORTICES 2

(a) (b)

Figure 1. (a) Aerial photo of cloud layer in flow past the island of Hawaii. The cores of lee vortices feature warmer
air than the surrounding flow and are typically manifest in aerial and satellite photos as holes in the cloud layer.
The two lobes of clear air extending downstream of the island in (a) are the signature of a pair of counter-rotating
vortices. Arrows suggest the flow field as inferred from the cloud pattern. (Photo courtesy of Vanda Grubǐsić)
(b) Satellite image of a vortex street downstream of Alejandro Selkirk Island off the coast of Chile as seen by the
Landsat7 satellite. The island is in the bottom left part of the figure.

Fig. 2 summarizes the occurrence of these phenomena
as a function of ε and β. Detailed descriptions of the
flow classes are as follows:

Small-amplitude waves. When ε ! 1 the mountain-
induced disturbance for all β takes the form of a small-
amplitude mountain wave (see Lee Waves and Mountain
Waves for examples of small-amplitude waves). The
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Figure 2. Schematic regime diagram for steady strati-
fied flow past an isolated ridge as a function of ε and β.
Note that the actual shapes and positions of the curves
will depend on obstacle shape.

flow in this regime is well described by theoretical ap-
proaches valid in the limit of small ε. As ε increases
the streamlines in the wave pattern above the lee slope
steepen somewhat in the vertical due to nonlinear (or
finite-amplitude) effects.

Wave breaking. For β ∼> 1 (i.e., for elongated ridges)
streamlines above the lee slope overturn when ε exceeds
a critical value εb(β) usually in the range 0.7–1.2 de-
pending on obstacle shape. Overturning of the stream-
lines places more dense fluid over less dense fluid causing
the wave to break and become locally turbulent. An ex-
ample of overturning streamlines and wave breaking in
a laboratory flow with ε = 2.5 and β = 3 is shown in
Fig. 3a. Wave breaking produces a well-mixed region
above the lee slope which tends to decouple the low-level
lee-slope flow from the flow farther aloft. The resulting
low-level flow is strongly accelerated and is similar to su-
percritical shallow-water (or single-layer hydraulic) flow
(see Downslope Winds for a discussion of shallow-water
flow over a ridge; see also Hydraulic Flow for a basic dis-
cussion of shallow-water dynamics). Downstream of the
obstacle the depressed lee-slope streamlines abruptly re-
turn to their upstream heights in a structure resembling
a shallow-water hydraulic jump (Fig. 3a).

Flow splitting. For all β there exists a critical moun-
tain height εs(β) at which the flow stagnates on the up-


