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ABSTRACT

The interaction of a three-dimensional cold front and an isolated orographic ridge is examined by means of
primitive equation model simulations. The front evolves as part of a developing nonlinear baroclinic wave and
propagates southward toward the ridge. Many of the features in this interaction, such as the anticyclonic distortion
of the front, divergence and frontolysis on the windward slope, convergence and frontogenesis in the lee, and
the frontogenetical forcing associated with tilting, have previously been captured by simulations of a passive
scalar traversing a ridge.

It is shown that the ridge decelerates the cold postfrontal air and creates a high pressure anomaly on the
windward slope. If this anomaly is strong enough, it accelerates air over the ridge peak in a shallow ageostrophic
flow that possesses many features found in a gravity current. This current provides relatively strong surface
frontogenesis through the convergence term, but cannot transport enough mass across the peak to weaken the
anomalous high pressure. The cold air and pressure anomaly propagate eastward in a manner similar to a
topographic Rossby wave, When the east ridge end is reached, the anomalous pressure gradient accelerates the
flow into the lee, where frontogenesis occurs from shearing. The motion behind the front as it propagates over
and around the ridge is distinctly unbalanced.

Blocking, as measured by the ratio of the mass flux around the ridge end to that over the peak, is determined
by a Froude number that depends on the propagation speed of the front (i.e., the strength of the baroclinic wave)
and the mountain height. Higher mountains or weaker waves tend to produce total blocking of the front, resulting
in flow only around the east ridge end. Lower mountains and stronger waves produce frontogenesis patterns and
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frontal distortions that more closely resemble the passive scalar simulations.

1. Introduction

The interaction of fronts with orographic features has
recently received a great deal of attention, in part be-
cause this interaction has been implicated in the gen-
eration of several important atmospheric circulation
systems. These include lee cyclones (Tafferner 1990;
Orlanski and Gross 1994); squall lines (Koch and Ko-
cin 1991); and cold surges east of the Tibetan Plateau
(Chang et al. 1983), the Rocky Mountains (Hartjen-
stein and Bleck 1991), Australia (Baines 1980), and
the Pyrenees (Hoinka and Heimann 1988). Moreover,
several experimental studies, including the Alpine Ex-
periment (ALPEX) and the German Fronts Experiment
(Hoinka and Volkert 1987), provide relatively detailed
observations of this interaction. Indeed, an entire issue
of Meteorology and Atmospheric Physics (Vol. 48,
Nos. 1-4,1992) has been devoted to the topic of fronts
and orography.
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An example of the retardation and distortion of a
front approaching the Alps is shown in Fig, 1 (after
Radinovic 1986). The surface pressure pattern shows
strong high and rising pressures to the north of the Al-
pine massif at 0000 UTC (Fig. 1a). Six hours later
(Fig. 1b), this high pressure has nosed southward
around the east end of the Alps, with continuing pres-
sure rises at the eastern extremity of this feature. This
dipolar surface pressure distribution is rather common
near the Alps (Chen and Smith 1988).

Both observational (e.g., Hoinka et al. 1990) and
modeling (e.g., Williams et al. 1992) approaches have
been employed to examine the interaction of fronts and
orography, and reviews of these approaches and results
are provided by Blumen (1992) and Egger and Hoinka
(1992). However, with few exceptions (e.g., Schu-
mann 1987), efforts to understand the basic physical
mechanisms associated with the interaction of fronts
and orography have focused on relatively simple two-
fluid models of flow over orography (Davies 1984;
Blumen 1992) or two-dimensional analyses of strati-
fied flow over semi-infinite mountain ridges (Blumen
and Gross 1987; Zehnder and Bannon 1988; Williams
et al. 1992). The dynamics in these models are essen-
tially governed by mass continuity constraints. For ex-
ample in the Davies (1984) two-dimensional model,






