Dynamic imbalances and restrictions in curved anticyclonic flow

Recall the two realistic solutions:

1) Cyclonic flow,R >0, 0®/dn <0
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2) Anticyclonic flow, R<0, 9®/dn < 0
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Let’s consider Eq 2, which is anticyclonic flow about a high pressure or a ridge of high pressure.
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The term —Rd®/dn < 0, hence |(fR) | > |R Z—ﬂ is necessary for |V| to be real. Therefore:
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Two conclusions may be reached from this restriction:

1) The pressure gradient in a high must approach zero as |[R| — 0. Typically near a high,
isobars spread far apart. In the center of highs, the wind is calm. In synoptic class, we use
this fact to locate the center of a high based on finding calm wind in an anticyclone.

2) It may also be concluded that, for a given pressure gradient in a ridge, |R| must not
become too small (i.e., highly curved flow). If isobars in a ridge become too curved, an
air parcel cannot move parallel to the isobars, but must depart from gradient flow and
cross isobars from high towards low pressure. This is depicted at point A:




At point A, air accelerates toward lower pressure, which increases the Coriolis force acting to the
right of the parcel. This turns the air parcel back toward high pressure further downstream,
decelerates it, and brings is back into gradient balance (point B). Regions where the three forces
(centrifugal, pressure gradient, and Coriolis forces) are not in balance exhibit subtle cross-
isohypse flow. Cross-isohypse winds aloft are associated with diffluence or confluence, and a
subtle important regions for vertical motion.

These departures from gradient balance can also be associated with the development of troughs
and their linked surface cyclones. The chain of events begins when tightly packed isobars
downstream of a ridge have so small a radius, that it is dynamically impossible for the air to
conform to the sharp curvature, and cross-isohypse flow occurs. Under certain temperature and
wind profile patterns, a feedback process occurs where the temperature gradient tightens, the
trough develops with faster winds on its upstream side (associated with the imbalances), and a
surface cyclone forms. This process, known as baroclinic instability, will be discussed in
synoptic meteorology.

What about troughs and cyclones?
These restrictions are not applicable to troughs. Note that—Rd® /dn > 0, hence the quantity in

the square root of equation 1 is always positive. Hence, the curvature in troughs can be very
sharp. Furthermore, winds are often very fast near the center of lows.



