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ABSTRACT

Such role as polar regions may have in determining global climate obviously depends on the transport of
heat between polar regions and other latitudes. We review the way such transport affects climate sensitivity
and stability within the context of simple energy balance models, noting that climate sensitivity in most such
models is too small to readily permit the functioning of the Millankovitch mechanism, for example. We then
turn to the development of new heat transport parameterizations wherein radiative equilibrium distributions
of temperature with latitude are adjusted on the basis of recently noted properties of Hadley cells and baro-
clinically unstable eddies. The simplest application of this adjustment tends to underestimate the observed
pole-equator temperature difference —the error being confined almost entirely to high latitudes (in effect
the parameterization overestimates the heat flux). Including the effects of static stability changing with
latitude virtually eliminates the discrepancy. This situation is remarkable since heat transport by both
stationary waves and ocean currents has been ignored. The implications of this are discussed. Moreover,
it is found that climate sensitivity and stability for the new transport parameterization can be different
from what is obtained with simpler models, and appears capable of simulating the sensitivity called for by
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existing climate data.

1. Introduction

Much that we identify with climate is closely as-
sociated with polar behavior; ice ages being the most
obvious example. The question nonetheless remains
as to how polar regions interact with the rest of the
earth. Clearly, in 2 world governed by local radiative
equilibrium there would be no interaction. Transport
is necessary in order that the polar thermal state can
be communicated with the rest of the planet. Thus,
an understanding of the transport of heat between
different latitudes is central to understanding the role
of polar regions in global climate.

In Section 2 of this paper we will review some
results from energy balance climate models in order
to identify the general role of transport. In Section 3
we describe a physical approach to modeling trans-
port due to Hadley cells and baroclinic instabilities.
These mechanisms alone appear capable of account-
ing for the total observed heat flux without consider-
ing heat fluxes due to either stationary waves or
ocean currents. The possible implications of this
finding are discussed. It should be noted that our
approach provides the first simple (and fairly accu-
rate) prediction of the pole-equator temperature dif-
ference from first principles and without disposable
parameters. We parameterize heat fluxes in terms of
radiative forcing rather than surface temperature.
The latter, in fact, is a consequence of the various
heat transport mechanisms, and not really what is
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forcing the eddies. Practical difficulties in relating
heat flux to temperature gradients have already been
noted by Lorenz (1979). Similar problems do not
arise in the present parameterization.

In Section 4 our heat flux parameterization is criti-
cally assessed, It is found to have important short-
comings in polar regions where too much heat flux is
predicted. It is shown that the inclusion of the lati-
tude variation of the static stability of the lowest 2 km
of the atmosphere (omitted in Section 3) largely
eliminates these shortcomings. Our work, however,
does not, as yet, establish the origin of the varia-
tions in static stability. This matter is of substantial
importance to the determination of climate stability
and sensitivity. When, for example, the latitude vari-
ation of static stability is held fixed regardless of the
position of the ice line, we obtain results similar to
other studies of climate stability. In particular, the
polar regions are too insensitive to the global heat
budget to allow the operation of the Millankovitch
mechanism for ice ages. When, however, the distri-
bution of static stability follows the position of the .
ice line, then sensitivity is greatly increased. Data
for climatic trends over the last century support a
high sensitivity.

2. Gengral role of heat transport

Following Lindzen and Farrell (1977), we will
study the role of heat transport in the context of






