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ABSTRACT

In Part I a simple theory of resonant Rossby waves in a uniform zonal flow was developed. The present
paper extends the previous results to the case of an atmosphere with winds varying with height. The
wave responses to a large number of physically possible wind configurations are studied to help deter-
mine whether the observed wind fields in the winter atmosphere permit resonance of the large-scale
waves and, in cases where resonance is possible, to search for the most favorable conditions for
resonance. It is found that an increase in stratospheric jet strength and the descent of the stratospheric
jet are both capable of exciting the resonant waves of zonal wavenumbers 1 and 2, with the latter (the
descent of the stratospheric jet) being most effective in resonating the large-scale waves. The shorter
waves (with zonal wavenumbers 3, 4 and up) are found to be insensitive to changes in wind conditions
in the stratosphere as they are mostly trapped in the troposphere. These waves are easier to excite by
changes in the wind conditions in the lower atmosphere. This finding may account for the higher
frequency of occurrence of tropospheric blocking phenomena caused by the shorter waves (wave-
numbers 3, 4 and up). The occurrence of large-scale (wavenumbers 1 and 2) blockings is seen to be
relatively rare and is found to be usually accompanied by changes in stratospheric wind conditions.
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1. Introduction

A conspicuous feature of the mean zonal flow in
the wintertime atmosphere is that the westerlies
generally increase in magnitude with height. The
mean zonal wind speed in the lower troposphere
is usually quite low, about 10 m s™! or less, even
in a sudden warming year when abnormally high
winds are recorded in the upper stratosphere. It is
clear that in such an atmosphere the planetary
waves cannot be evanescent throughout the whole
depth of the atmosphere as in the uniform wind
model presented in Part I.

The long waves are vertically propagating in the
lower troposphere. What happens to these waves
in the upper atmosphere is of crucial importance
insofar as resonance is concerned. It will be shown
that resonance (or near resonance) tends to be dif-
ficult to achieve for waves that propagate freely to
the top of the atmosphere. Only internally trapped
waves (i.e., waves that are evanescent above some
height) are capable of resonance, though near
resonance can sometimes be possible for waves that
do not have a real turning point but, nevertheless,
have a major portion of their energy reflected back
to the surface. The wave with zonal wavenumber 4
can be shown to be internally trapped, usually be-
low the tropospheric jet maximum. This wave is
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capable of being resonantly excited, and may be the
cause of the frequent blocking activities observed
in the lower troposphere.! The longer waves, with
wavenumbers 1 and 2, on the other hand, are non-
evanescent up to at least the stratospheric jet
maximum, which is usually located at ~60—70 km.
Little reflection of the waves occurs below the jet
maximum, due to the fact that the positive shear
at the jet base tends to enhance vertical propagation.
Given the fact that the damping due to radiative
effects is quite large at these heights, the waves
will probably be dissipated appreciably before being
reflected from above the 60-70 km level. Also, the
waves are more susceptible to dissipation along the
wave path if the wave path is long.

Preceding the onset of major stratospheric sudden
warmings (which is always accompanied by large-
scale tropospheric blocking), it is generally ob-
served that winds increase in speed at the rocket-
sonde levels. We attempt to determine whether the
observed increase in wind speed would lead to in-
creased trapping of the long waves (with wave-

! Waves with still higher wavenumbers are even more readily
excited. However, the blockings caused by these waves would
presumably have shorter scales, smaller amplitudes and shorter
damping time scales.






