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ABSTRACT

A zonally averaged model of stratospheric tracer transport is formulated in isentropic coordinates. There
are some conceptual and computational advantages, as well as some disadvantages, in adopting the potential
temperature, instead of pressure, as the vertical coordinate. The main disadvantage is that the “density”
(mass per unit coordinate volume) in isentropic coordinates is no longer a constant as in the pressure
coordinate system under the hydrostatic approximation. However, it can be shown that this density effect
is almost negligible in the calculation of the mean diabatic circulation and the eddy advective transports.
What is gained by adopting the new formulation is a conceptually simpler picture of the interplay of diabatic
and adiabatic processes in the transport of tracers. Mean diabatic heating (cooling) forces a direct rising
(descending) mean mass flow. Along the streamlines of this mean mass circulation, tracers are advected in
the mean. These surfaces slope downward and poleward in the lower stratosphere. In addition to advection,
tracers are also dispersed from their mean path by transient adiabatic processes in' a direction parallel to the
local isentropic surface. As a result, the lines of mean constant tracer mass mixing ratio slope less steeply
than the mean streamlines, but more steeply than the isentropic surfaces. The effect of eddy transport on
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chemically reacting minor constituent gases is also discussed.

1. Introduction

In the stratospliere, dynamics, radiation and pho-
tochemistry are coupled in a complicated feedback
loop. The motion field which transports the trace ele-
ments is itself driven, to a large extent, by the diabatic
(radiative) heating and cooling caused by the absorp-
tion of solar radiation and the emission of longwave
radiation, processes which depend strongly on the
concentration of some trace elements such as ozone
and carbon dioxide. The incorporation of these in-
teractions in two-dimensional (zonally averaged)
models has been impeded by the inevitable presence
of eddy fluxes. The common practice of parameter-
izing the eddy fluxes using mixing-length theory
(Reed and German, 1965) fails to fully tdake into ac-
count such a feedback process, since usually the same
set of empirical parameters is used, even when the
sources and sinks are altered. The readers are referred
to Harwood (1980) for a review of two-dimensional
(2-D) models incorporating the so-called K-theory for
the eddy fluxes and to the MAP report (Mahlman et
al., 1981) for a more comprehensive review and dis-
cussion of the current developments.

1t is well-known by now that the zonally averaged
meridional circulation in the stratosphere is thermally
indirect over the winter latitudes, where eddy activity
is predominant (Miyakoda, 1963; Reed et al., 1963;
Vincent, 1968). Instead of rising motion in regions
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of net heating and subsidence where the atmosphere
cools, the observed zonally averaged circulation in
the lower stratosphere consists of upward motion in
the winter polar region and over the tropics, and de-
scending motion over the middle latitudes. The ex-
planation, as given by Newell (1963), is that the
stratosphere acts more or less like a refrigerator,
driven, to a large extent, by upward-propagating
waves from the troposphere, whose effect on the mean
circulation overwhelms the thermally direct diabatic
circulation forced in situ. It has also been recognized
that conservative tracers are transported neither by
the observed (Eulerian) mean circulation, nor by the
eddy fluxes alone, but the trajectories appear to ap-
proximately follow the diabatic circulation, which is
a small residue of the two (Brewer, 1949; Dobson,
1956; Newell, 1963; Hunt and Manabe, 1968; Mahi-
man, 1969; Mahlman and Moxim, 1978; Dinkerton,
1978). Therefore, it is not surprising to find that in
model calculations of tracer transport using the ob-
served zonal mean circulation, a large, usually pa-
rameterized eddy flux transport is needed, with the
net transport obtained as a small difference of the two
large terms. This peculiarity of most existing two-di-
mensional models is a constant source of numerical
inaccuracy, in addition to the lack of physical basis
for the diffusion type of parameterization currently
in use (Mahlman, 1975; Clark and Rogers, 1978;
Plumb, 1979; Matsuno, 1980).






