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ABSTRACT

The equations for the photochemistry of ozone and radiative heating in the mesosphere are, for certain
regions, reduced from differential-integral equations to much simpler differential-algebraic equations which
are more readily incorporated into hydrodynamic models. The simplified equations are first solved for joint
radiative-photochemical equilibrium; the distributions obtained are in fair agreement with the more detailed
calculations of Leovy (1964). The equations for temperature and ozone, with advection included, are
linearized in terms of perturbations on the equilibrium fields, and a brief discussion of the effect of photo-
chemistry, radiative transfer and their interaction on the thermal response to a field of motion is presented.
Finally, the problem of the joint photochemical-radiative relaxation of perturbations in the absence of motion
is investigated. It is found that the coupling sharply accelerates thermal relaxation above 35 km, and ap-
preciably accelerates photochemical relaxation and decelerates thermal relaxation in a region in the neighbor-
hood of 26 km. The coupling also leads to oscillating relaxation in the neighborhood of 30 km.

1. Introduction

The total behavior of a planetary atmosphere involves
many interdependent processes. The velocity field can
in principle be calculated from the equations of motion,
given the differential heating ; but the temperature field
is also a solution of the equations, and the differential
radiative heating is, in turn, a functional of the tempera-
tures. Radiative effects are also dependent upon the
chemical composition, which is itself dependent upon
transport terms and upon the temperature. Finally there
is a direct connection between composition and heating
through latent heat and heat of reaction.

Despite these couplings, most dynamical studies have
treated the hydrodynamics in isolation. In some cases
this may be justified because of the time scales or space
scales under consideration. For example, short period
weather forecasts are usually on a time scale which is
less than that of radiative processes, and over large
space scales condensation has a small net effect. Thus
successful numerical prediction techniques have been
developed which take account neither of radiation nor
of condensation (Thompson, 1961).

In the mesosphere, however, such conditions no Jonger
obtain. The radiative time scale is of the order of two to
three weeks (Murgatroyd and Goody, 1958), while
photochemical time constants vary from minutes at
55 km to years at 20 km (Diitsch, 1961); such time
constants are obviously significant when considering
such phenomena as the “26-month” oscillation in the
equatorial stratosphere (Reed and Rodgers, 1962). Also,
unlike the troposphere, the stratosphere has a large
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static stability, and baroclinic disturbances will there-
fore develop more slowly, offering more opportunity for
radiative and photochemical effects to be felt. It is not,
therefore, particularly surprising to find that adiabatic
explanations of phenomena such as the “sudden warm-
ing” have little success (Murray, 1960).

The inclusion of radiation and photochemistry in
mesospheric hydrodynamic models is, therefore, a
matter of importance. Unfortunately, it is also a matter
of considerable complexity. There is, to begin with, the
complexity of theindividual processes of photochemistry
(see for example, Craig, 1950) and radiative transfer
{Murgatroyd and Goody, 1958). The radiative heating
of the mesosphere depends on the ozone concentration,
while the ozone photochemistry is temperature-depend-
ent. Consequently, these processes must be considered
jointly (Leovy, 1964), and also, of course, in combina-
tion with the advection of ozone and heat by the fluid.

We have made no attempt to consider the problem in
its full, realistic complexity. Instead, in the various
parts of this paper we examine the simplest model
problems which still retain important interactions. Even
for these model problems to be tractable it proves
essential to simplify the differential-integral equations
for the radiation and photochemistry. It will be shown
in Part I that situations exist under which these equa-
tions may be reduced to simple differential-algebraic
equations, and these equations will be used to discuss
the relaxation of perturbations away from equilibrium.
Parts II, IIT, and IV will deal, respectively, with the
vertical propagation of long period waves at the equator,
the stability of baroclinic zonal flow at mid-latitudes to
axially symmetric disturbances, and the stability of
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