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ABSTRACT

A barotropic model is described that is designed to study the interaction of the Hadley cell with a Rossby
wave forced in midlatitudes by a stationary *topographic” source. The Hadley cell is driven by a mass source/
sink that is partly fixed, representing solar heating, and partly dependent on the layer thickness, representing
infrared cooling. The response of the mean zonal and meridional winds to infinitesimal wave forcing is analyzed
in detail; then the forcing is gradually increased to examine the departures from linearity.

1. Introduction

The subtropical jet is maintained through compe-
tition between the acceleration of the westerlies by the
poleward flow in the Hadley cell and their deceleration
due to the divergence of the eddy momentum flux in
low latitudes (e.g., Palmen and Newton 1969, pp. 16—
20). The divergence of eddy momentum flux in turn
is a direct consequence of mixing of potential vorticity
by Rossby waves propagating into the tropics from
midlatitudes (e.g., Edmon et al. 1980). If this Rossby
wave drag is very small, and if the vertical mixing of
momentum is also insignificant, the poleward flow in
the Hadley cell will conserve its angular momentum.
The angular momentum-conserving flow continues
- poleward up to a latitude determined by the thermal
forcing (Schneider 1977; Held and Hou 1980), re-
sulting in a strong subtropical jet. Significant Rossby
wave drag is needed to produce a realistic wind distri-
bution and a realistic momentum budget in the sub-
tropics, in which fu ~ (eddy momentum flux diver-
gence) rather than (f — du/dy)v =~ 0.

In this study, a simple model of the interaction be-
tween the Hadley cell and an incoming Rossby wave
is described. The starting point is an idealized shallow-
water axisymmetric Hadley cell forced by “solar heat-
ing” (a specified mass source) and “infrared cooling”
(a mass sink dependent on thickness). A stationary
Rossby wave is then forced from midlatitudes. The
analysis focuses on the distribution of the vorticity
transport and mean flow deceleration caused by the
wave, and the effect of this drag on the Hadley cell and
the subtropical jet. Only an incoming stationary wave
is considered in this study, rather than a stationary
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wave plus a spectrum of transient waves as seen in the
atmosphere, and it should be borne in mind that a
broader incoming phase speed spectrum could behave
differently. The stationary wave problem is relatively
easy to analyze and it is also of interest in its relation
to models of the Charney-Devore (1979) type. Cal-
culations with a similar model, but in a different pa-
rameter range chosen to examine problems in strato-
spheric dynamics, have recently been described by
Juckes (1989).

2. The Hadley cell model

Consider the following set of shallow water equations
for axisymmetric flow on the sphere:

aU=(f+ZW - xuU,
3V =~(f+ Z)U —a~'d(® + U*/2) — k¥,
= —fU~ a”'U? tan(8) — a~'3%® — «kmV,
8,® = —®o(a cos(8)) ' ds(cos(0)V)
— k(P — @.(0)),
Z = —(a cos(8)) ' 34(cos(§) V),
f=2Q sin(6). (lc)

The term x7(® —~ ®,.) is the mass source/sink, where
&, is given the simple form -

(1a)

(1b)

,(6) = — 3 Ag Pa(cos(9)). (2)
Here P, the second Legendre polynomial and Ag the
difference in the geopotential from equator to pole in
“radiative-convective equilibrium.” Rayleigh friction
proportional to «s, which can be thought of as rep-
resenting vertical mixing, has been included in the mo-
mentum equations. The very small term proportional
to 8,72 has been omitted in (1b). More importantly,






