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ABSTRACT

The nonlinear response of a barotropic, nondivergent, spherical flow representative of the upper troposphere
(but without a tropical Hadley cell) to localized, extratropical topographic forcing is examined using high-
resolution contour surgery calculations. The response is shown to vary greatly with forcing amplitude and can
be significantly different from the linear response. At large amplitude, Rossby wave breaking occurs in the
tropics irrespective of the direction of the equatorial winds, and leads to small-scale stirring and the formation
of a ‘“‘tropical surf zone,”” which inhibits the meridional propagation of the disturbance.

1. Introduction

There have been numerous studies directed toward
understanding the influence of orography on station-
ary planetary waves in the troposphere and on the low-
frequency variability of these waves. These studies
have shown that the linear response to localized forc-
ing is a downstream wave train (e.g., Hoskins et al.
1977; Grose and Hoskins 1979; Hoskins and Karoly
1981; Webster 1981; Simmons 1982; Webster and
Holton 1982; Branstator 1983 ). The wave train prop-
agates along an arc, which is approximately a great
circle, and may cause a significant disturbance a large
distance away from the source (including antipodean
regions if the winds are westerly at the equator).
Therefore, localized forcing, and the corresponding
Rossby wave dispersion, has been proposed as a pos-
sible mechanism for observed atmospheric telecon-
nections (e.g., Frederiksen and Webster 1988 and ref-
erences therein).

For the most part, our conceptual understanding of
Rossby wave propagation over the sphere is based on
linear calculations or results from models in which non-
linear effects are weak. It is now widely recognized that
upper tropospheric waves break in the weak winds at
low latitudes, yet the impact of this highly nonlinear
process on the larger-scale wave characteristics is
poorly understood. This kind of behavior was explicitly
modeled by Held and Phillips (1990) in a study of the
interaction of a Rossby wave with the Hadley circula-
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tion. However, as far as we are aware, there has been
no comprehensive, high-resolution, study of the non-
linear characteristics of planetary wave dispersion on
the sphere in a simple setting where the fundamentals
of the problem might be better clarified. In this paper
we report on a series of high-resolution nonlinear cal-
culations of the response of a barotropic, nondivergent,
spherical flow to localized topographic forcing. In par-
ticular, we examine the characteristics of wave break-
ing in the tropics and its effect on the interhemispheric
wave propagation. The use of a barotropic model al-
lows an easy understanding of fundamental mecha-
nisms, and also permits a large number of calculations
to be performed inexpensively. Previous studies have
shown that barotropic models can be very useful in
understanding tropospheric stationary waves and at-
mospheric teleconnections (e.g., Simmons et al. 1983;
Lau and Lim 1984; Branstator 1985; Held and Kang
1987; Sardeshmukh and Hoskins 1988).

In order to resolve the details of the wave breaking,
we use the method of contour surgery (hereinafter CS;
see Dritschel 1988b, 1989), an extension of the contour
dynamics method developed by Zabusky et al. (1979).
Contour surgery is a numerical method for inviscid
flows wherein arbitrarily steep vorticity gradients can
be formed, and wherein the scales of motion can vary
over a far more extensive range than in conventional
pseudospectral modeling. Detailed comparisons be-
tween CS and pseudospectral calculations have been
made by Legras and Dritschel (1993), and it has been
shown that accurate CS calculations can be performed
using a moderate number of contours and that the dif-
ferences between the methods of solution are due to
errors in both methods. Waugh (1993) performed fur-
ther comparisons and showed that realistic CS simu-






