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ABSTRACT

A linear, primitive equation stationary wave model having high vertical and meridional resolution is used to
examine the sensitivity of orographicaily forced ( primarily by Himalayas) stationary waves at middie and high
latitudes to variations in the basic state zonal wind distribution. We find relatively little sensitivity to the winds
in high latitudes, but remarkable sensitivity to small variations in the subtropical jet. Fluctuations well within
the range of observed variability in the jet can lead to large variations in the stationary waves of the high latitude
stratosphere, and to large changes even in tropospheric stationary waves. Implications for both sudden warmings

and large-scale weather are discussed.

1. Introduction

The primary motivation for this work has been the
need to explain the marked amplification of the sta-
tionary wave pattern in the northern high latitude
stratosphere which initiates sudden warmings. The
classical theory of sudden warmings due to Matsuno
{1971) simply assumes a growing amplitude for sta-
tionary wave forcing at the tropopause without ex-
plaining the origin of this growth; a similar approach
has since been adopted in subsequent modeling of this
phenomenon (Geisler 1974; Holton 1976). Attempts
to account for the initial amplification have fallen into
two categories. In the first, the ability of the interference
between traveling Rossby waves and stationary waves
to create transient modifications of the mean flow is
invoked (Van Loon et al. 1975; Madden 1975, 1983;
Madden and Labitzke 1981). As shown by Boyd
(1976) and Lindzen et al. (1982), such interference
must be accompanied by oscillations in the zonally
averaged state having a period of the traveling wave.
Commonly the traveling waves have periods on the
order of 16 days. It is possible that the phase of the
interference associated with decreasing zonally aver-
aged westerlies could initiate the rest of the warming
process. The other category attempts to find factors
which actually change the magnitude of the stationary

Corresponding author address: Dr. Sumant Nigam, Center for
Ocean-Land Atmosphere Interactions, University of Maryland, Col-
lege Park, MD 20742. .

© 1989 American Metearnlnoical Sacietv

waves. The present paper focuses on the second cate-
gory. '

Tung and Lindzen (1979a,b) and Tung (1979) put
forward the suggestion that the growth of wave ampli-
tudes might result from changes in the basic zonal flow
which would render planetary-scale stationary waves
resonant. The possibility of resonance was demon-
strated for certain idealized geometries wherein internal
reflecting surfaces were either perfectly horizontal or
perfectly vertical. However, Jacqmin and Lindzen
(1985) found no evidence of such resonant response
in a model whose basic state consisted of zonally av-
eraged zonal winds having realistic variations with re-
spect to both latitude and height (and where, conse-
quently, reflecting surfaces are “bent’”). This latter re-
sult was consistent with the finding of Lindzen and
Hong (1974) who used a similar model to show that
resonance-type behavior for lunar semidiurnal tides
was eliminated by such “bending” of reflecting surfaces.

Alternative attempts to account for marked changes
in stratospheric stationary wave amplitudes have been
typically characterized by investigations of the sensi-
tivity of the stationary wave response to variations in
the intensity, structure and position of the polar night
jet (Schoeberl and Geller 1976, 1977; Rong-hui and
Gambo 1982; Lin 1982; Karoly and Hoskins 1982;
Jacqmin and Lindzen 1985). (All except the first of
these, solve for both tropospheric and stratospheric
stationary waves.) Karoly and Hoskins (1982), Lin
(1982), Simmons (1974), and Matsuno (1970) all
noted that vertical propagation of stationary planetary
waves occurred most effectively not through the polar






