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ABSTRACT

A study of the seasonal change of a climatic state of the atmosphere is made through the investigation of
a response of a statistical-dynamical model to insolation having seasonal variation. Numerical experiments
are performed for the two hypothetical cases: the land-covered earth (LCE) and the ocean-covered earth
(OCE). The two cases differ in the thermal and aerodynamical conditions at the surface, and a hydrologic
cycle is incorporated only in the model for OCE.

Numerical integrations are carried out until the same climatic state as one year before reappears. Then,
annual marches of the zonal mean field, the eddy statistics, and the energetics are analyzed.

Baroclinicity at the middle latitudes is noticeable, in summertime, only for the OCE. Strong upper level
easterly flow evolved at low latitudes for the LCE. The mean meridional circulation at low latitudes for both
L.CE and OCE is characterized by one big Hadley cell extending from the summer into the winter hemi-
sphere. In the OCE, the water vapor is exported from the subtropics equatorward by the mean meridional
circulation and poleward by large-scale eddies. The effect of ocean is to moderate the seasonal change of
eddy activity so that the eddy transport of heat for the OCE is smaller in winter and larger in summer than
that for the LCE.

The additional experiments show the dependency of the eddy statistics of the model on the internal
viscosity. It is also shown that the after-effect of a sudden shock lasts about five months in the atmo-

sphere for the OCE.

1. Introduction

The theme of this paper is the response of the atmo-
sphere to an insolation having seasonal variation.

The atmosphere-ocean-land system receives the inso-
lation which varies gradually with latitude and slowly
with time except for a component of rather rapid diurnal
change. Generally speaking, the effect of non-adiabatic
heating which originates from solar radiation is to
intensify the pre-existing baroclinicity of the atmo-
sphere. This is counteracted by the heat transfer which
tends to smooth out the meridional gradient of temper-
ature. As a result of imbalance between the above two
factors, the climate undergoes a seasonal variation.
There may also be an oscillatory mode superposed on it.

It may be easily understood from the argument
mentioned above that, in constructing a numerical
model for investigating the aspects of seasonal variation
of a climate, we should formulate the heating function
in an appropriate way and also establish a reasonable
scheme to estimate the transport of heat. Especially, the
baroclinic wave has to be treated carefully, since it
plays an important role in the heat budget.

Here, we will view some previous numerical models
used in studying the variation of climate. For the two-
layer, quasi-geostrophic model of Bryan (1959), non-

adiabatic heating was of a Newtonian form. Its basic
temperature field was determined from the forced tem-
perature contrast and the forced static stability. The
former was represented by one component of spherical
harmonics and its amplitude varied sinusoidally with
time. The forced lapse rate was related to the forced
contrast of temperature between equator and pole. The
specification of a truncated spectral method allowed a
special type of Hadley circulation and a single distur-
bance of wavenumber 3 to occur. During the period of
integration, the system remained fairly near the equi-
librium. Kraus and Lorenz (1966) performed several
experiments with a two-layer quasi-geostrophic model
with Newtonian-type heating. The time variation of
thermal equilibrium potential temperature was sinusoi-
dal and the vertical stability was fixed to a prescribed
value at each experiment. They assumed two different
sets of heating function. One model could be compared
to a sea-covered hemisphere; another had a schematic
land-sea distribution along latitudes. A truncated spec-
tral method retaining four waves was used for the
integration, which showed the difference between the
climates of spring and fall. The role of standing mon-
soon-type circulation was discussed too.

In the study of annual variation of atmospheric
energy, Wiin-Nielsen (1970) adopted heating of Newto-






