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ABSTRACT

Simple climate models employing diffusive heat transport and ice cap albedo feedback have equilibrium
solutions with no stable ice cap smaller than a certain finite size. For the usual parameters used in these
models the minimum cap has a radius of about 20 degrees on a great circle. Although it is traditional to
remove this peculiar feature by various ad hoc mechanisms, it is of interest because of its relevance to ice
age theories. This paper explains why the phenomenon occurs in these models by solving them in a physically
appealing way. If an ice-free solution has a thermal minimum and if the minimum temperature is just above
the critical value for formation of ice, then the artificial addition of a patch of ice leads to a widespread
depression of the temperature below the critical freezing temperature; therefore, a second stable solution will
exist whose spatial extent is determined by the range of the influence function of a point sink of heat, due
to the albedo shift in the patch. The range of influence is determined by the characteristic length in the

problem which in turn is determined by the distance a heat anomaly can be displaced by random walk

during the characteristic time scale for radiative relaxation; this length is typically 20-30 degrees on a great
circle. Mathematical detail is provided as well as a discussion of why the various mechanisms previously
introduced to eliminate the phenomenon work. Finally, a discussion of the relevance of these results to
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nature is presented.

1. Introduction

Since their introduction more than a decade ago
by Budyko (1968, 1969) and Seliers (1969), energy
balance climate models (EBMs) have been the subject
of many investigations (cf. the review by North et al.,
1981). Even with their mathematical and physical
simplicity, the models have continued to provide
interesting puzzles. One curiosity which has eluded a
simple interpretation over the years is the small ice
cap instability (SICI). Early on, several authors found
that in tuning models with discontinuous albedos at
the ice cap edge and with a diffusive type of transport,
ice caps smaller than a certain finite size are unstable.
Most investigators tended to think that the SICI was
an artifact of the idealized models and the usual
approach was to dismiss it or introduce additional
ad_hoc mechanisms that would remove it. For ex-
ample, Cahalan and North (1979) noted that if the
ice cap albedo were smoothed by say an arctangent
function SICI disappeared (cf. also Suarez and Held,
1979; Coakley, 1979; Ghil, 1976, who used the
Sellers-type albedo parameterization). Lin (1978)
showed that when certain nonlinear diffusive heat
transport mechanisms were introduced the SICI dis-
appeared. North (1975) noted that if the equinox
solar insolation distribution were used, no SICI oc-
curred. In short, many authors have considered the
phenomenon a nuisance and while it has been shown
to come and go with various assumptions little effort

has been devoted to determining its physical signifi-
cance. The purpose of this paper is to develop a
simple interpretation for SICI which explains all of
the preceding removal mechanisms and which pro-
vides enough understanding of it to ask if it is relevant
to climatology.

The most popular removal mechanism has been
the smoothed albedo at the ice edge because in
dealing with zonally symmetric models the lack of
longitudinal uniformity of the real earth’s ice caps
naturally suggested use of a smoothed zonal average
in a simulation (e.g., Oerlemans and Van den Dool,
1978). Coakley (1979) argued similarly that the sea-
sonal variation of the snow line justified use of a
smoothed albedo at the perennial ice edge. Recently,
a two dimensional EBM with longitudinal and sea-
sonal resolution has been developed, however, whose
solutions exhibit zonally asymmetrical ice caps (North
et al, 1983). The model employs a discontinuous
albedo at the local ice borders (the published version
unfortunately does not have a seasonal snow line).
As parameters are varied in the model, a phenomenon
reminiscent of SICI occurs in the solutions, namely,
abrupt transitions from no ice cap to finite unsym-
metrical ones. Moreover, transitions from finite un-
symmetrical caps to larger finite unsymmetrical caps
can occur as parameters are varied further. These
model results suggest that the smoothing argument
used in the earlier zonally averaged models was
inapplicable.






