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ABSTRACT

The energy-transport parameterization of Budyko (1969), which was devised to parameterize mean
annual net radiation as a function of zonally averaged surface temperature, is subjected to verification
with seasonal transport data in order to evaluate its validity for climatic change experiments. It is
found that Budyko’s linear parameterization is able to describe the annual zonal heat transport di-
vergence for all latitudes and also the seasonal cycle of heat transport divergence at high latitudes
(¢ > 50°), but has no predictive ability for the seasonal deviation from annual average in lower
latitudes.

The parameterization of infrared flux at the top of the atmosphere as a linear function of zonal surface
temperature is tested using seasonal data for latitude zones in which the seasonal cycle of temperature
has a large amplitude. The temperature coefficients for the different zones examined are found to differ
from each other by as much as a factor of 2.

This uncertainty, together with the uncertainty in the strength of the ice-albedo-temperature
positive feedback, propagates to an uncertainty in the sensitivity of model global climate to changes
in the solar constant. The reduction in solar output required by a simple climate model to
generate an ice-covered earth falls roughly in the range of 2 to 21% because of uncertainties in
these two radiative coefficients alone. Uncertainty in the transport parameterization would further
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increase this range.

1. Introduction

Zonally averaged, annually averaged, energy-
balance climate models are oversimplified in some
respects, but can be useful in isolating the magni-
tudes of temperature change produced by various
agents of climatic change. Their advantage lies in
their extreme simplicity: the computation required
is minimal (some versions can be solved analyti-
cally) and physical cause-and-effect relationships
are readily understood.

The prototypical model (Budyko, 1969) is a set of
equations, one for each latitude band, of the form

F, - F; =F., )

where F| is the incoming solar radiation, F; the
outgoing infrared radiation, and F_, the divergence
of energy transport by ocean and atmosphere out of
the latitude zone (henceforth termed ‘‘net trans-
port’’). These equations have no time dependence.
They assume no net storage of energy and therefore
are valid only for the yearly average of an equi-
librium climate.

The approach is to express each term in (1) as a
function of zonally averaged surface air tempera-
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ture, although certain embellishments on this
procedure are possible (such as division of each
latitude zone into a land and a sea part). Most
modelers have adopted Budyko’s original sug-
gestion of approximating the outgoing IR flux as a
linear function of surface temperature, especially
since such an approximation seems in remarkable
concord with satellite data (Cess, 1976). There
has been substantially less agreement about the
solar and transport terms. Alternative parameteriza-
tions for earth-atmosphere albedo (Budyko, 1969;
Sellers, 1969) and for transport (Budyko, 1969;
North, 1975a,b; Gal-Chen and Schneider, 1976)
have been tried. Lindzen and Farrell (1977), for
example, recently suggested some modifications to
the transport term that could be incorporated while
still retaining the model’s essential simplicity.

The particular form of (1) adopted by Budyko
was

OS(PI1 — ald)] ~ [A + BT(¢)]
=C[T(¢p) - T1, ()

where Q is one-fourth of the solar constant. The
present value of Q is taken to be 343 = S W m™2
(Frohlich, 1977). S(¢), the normalized distribution
function for insolation, has been tabulated by Chylek






