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ABSTRACT

Various simple climate models of the Budyko and Sellers types are discussed. It is shown how the varia-
tion of the equilibrium position of the ice line as a function of available insolation is determined primarily
by the range of latitudes over which heat transport is acting to smooth temperatures and the effectiveness
with which this smoothing occurs. It is shown that when transports loosely associated with Hadley trans-
ports, atmospheric eddy transports and oceanic transports are separately modeled their net effect is to de-
crease the sensitivity of the climate substantially over what is obtained from existing simple models. It is
also shown that the models we introduce in this paper are reasonably consistent with various aspects of the
observed temperature and with various paleoclimatological features, while earlier simple models are not.

i. Introduction

In the recent theoretical study of climate a set of
relatively simple models originated by Budyko (1969)
and Sellers (1969) have assumed considerable popularity
[Held and Suarez (1974) and North (1975) represent
recent, more sophisticated approaches to such models].
These models may be characterized as follows:

1) Only latitude dependences are considered, i.e.,
the models are spatially one-dimensional (though time
dependence is also sometimes considered).

2) Global energy budgets are assumed to be expres-
sible in terms of surface temperatures.

3) Planetary albedo is taken to depend primarily on
ice and/or snow cover or the lack thereof.

4) The convergence of dynamic heat fluxes is gener-
ally represented by either a simple diffusion law or by
a linear heating law wherein local heating is propor-
tional to deviations of the global mean temperature
from the local surface temperature.

5) Generally, only annual mean conditions are
considered.

Such models permit the calculation of, among other
things, the equilibrium position of the ice line as a
function of incoming solar radiation. In all the above
models it is found that as the incoming radiation is
reduced to a certain level (and correspondingly the ice
line advances to a certain latitude), further advances
of the ice line may occur even with increasing incoming
radiation. At this point, these simple models imply that
climate has become unstable and will tend toward an
ice-covered earth. Although this result is well known to
many readers, we will briefly outline its derivation in
Section 2.

Perhaps the most interesting point (apart from the
very existence of such an instability) is that the reduc-
tion in incoming radiation necessary to reach instability
is only on the order of 29, for the models considered. It
is, in fact, such models that have strongly influenced
the development of expectations (or fears) for the
catastrophic climatic effects of relatively small envrion-
mental changes. To be sure most papers on these models
have carefully noted the quantitative inadequacies of
such models and the unreliability of such predictions.
However, the recent paper of North (1975) shows that
this result is remarkably insensitive to a large number
of very reasonable improvements in parameterizations
of such things as albedo and dynamic heat transfer—
thus suggesting that the predicted climate sensitivity
might be realistic.

The purpose of the present paper is to show that
existing simple climate models (including those con-
sidered by North) are inconsistent with certain observed
features of the current and past climate. We show,
moreover, that simple changes in these climate models
which bring them into agreement with the observed
features can also lead to an enkancement in the stability
of the climate (i.e., they suggest that reductions in in-
coming radiation of from 7-209%, rather than 29, might
be necessary for an ice-covered earth). The most
important feature we consider is the fact that the ob-
served surface temperature within 30° of latitude of
the equator is far more nearly isothermal than it is in
the existing simple models. Fundamental reasons for
this near constancy of temperature within 30° of the
equator are developed in Schneider and Lindzen (1977)
and Schneider (1977). In Section 3 we show how this
feature can be incorporated into Budyko-type models
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