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ABSTRACT

A simple model is presented where response to forcing with components at 20K, 40K and 100K yr (where"
forcing, however, is strongly dominated by 20K yr) is primarily at 100K yr. The main features of the model
are a very sensitive response of the snow and sea ice line to solar input, a threshold to transitions between large

~ snow and sea ice coverage (to 537 latitude) and very little snow and sea ice coverage, and a glaciation cycle

forced by the snow and sea-ice line position.

1. Introduction

" The “100 000 year” climate cycle of the last 700 000
years has been so thoroughly discussed in the literature,
that there is little point in repeating the discussion here
(see Imbrie and Imbrie, 1979). Figure 1 shows a time
series for & 130 variations, obtained from five deep sed-
iment cores (Imbrie et al., 1984). The common inter-
pretation is that the fluctuations are due to variations
in glaciation. Although the periodicity is predominantly
at 100K, other frequencies are clearly present. This is
demonstrated in Fig. 2, which shows a power spectrum
based on a 500K time series (Mason, 1976). Discernible
but smaller peaks near 40K and 20K are present.
Moreover, Fig. 1 suggests significant irregularity prior
to 500K BP (before present).

Croll (1875) and (more thoroughly) Milankovitch
(1930) argued that these glaciation fluctuations were
forced by orbital variations and the associated changes
in insolation. The orbital fluctuations consist mainly
of three components (Berger, 1978):

1) precession of the position of the earth on its orbit
at equinox (essentially the precession of the axis of ro-
tation) with periods of 19K and 23K;

2) obliquity variations (i.e., changes in the tilt of the
rotation axis) with a period of 41K; and -

3) changes in eccentricity with a period of 100K.

For simple climate models, it is difficult to translate
the above into forcing; however, there is little question,
for example, that item 1 is much larger than item 3.
This leads to the most obvious problem: namely, why
the response to item 3 is so much greater than the
response to item 1. Another less obvious problem is

"that, averaged over the globe, the insolation changes
due to all of the orbital factors amount to no more
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than a few tenths of a percent of the solar constant
(Suarez and Held, 1979). The ice ages seem a rather
large response to such small forcing. Despite this, pa-
leoclimatologists have recently argued strongly in favor
of the Milankovitch hypothesis, having shown excellent
phase coherence between glaciation variations and or-
bital variations (viz. Imbrie et al., 1984).

The usual approach, following Milankovitch (1930)
has been to argue that insolation fluctuations at high
latitudes in summer are of primary importance for gla- .
ciation. Presumably, such fluctuations determine
whether snow deposited in winter melts or not in the
summer. In the latter case accumulation will occur.
Orbital variations do provide substantial fluctuations
of this type. Indeed the obliquity variations (item 2),
which when averaged over the year go to zero, become
very important in this scenario. This scenario too has
difficulties. As noted.by Broecker (1984) the preceding
scenario would lead to glaciation in the Northern
Hemisphere out of phase with glaciation in the South-
ern Hemisphere. On the contrary, glaciation occurred
essentially simultaneously in both hemispheres. A nu-
merical simulation of this scenario (Suarez and Held,
1979), moreover, was dominated by a 40K-year peri-
odicity with almost no 100K component.

A final feature of interest has emerged from the re-
cent observation of Berner et al. (1979) that atmo-
spheric CO, varied with glaciation from about 300 ppm
during interglacials to 200 ppm during glacials. Ac-
cording to Lindzen et al. (1981) the radiative effect of
such changes is comparable to variations in the solar
constant of a few tenths of a percent, i.e., of the same
order as the changes associated with orbital variations.
The origin of the CO, fluctuations has been actively
studied (Knox and McElroy, 1984). Observationally,
the CO; effect represents a positive feedback so that it
does not directly account for climate oscillations—in






