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Abstract: Shifting the presently used baselines of temperature changes during the last
440,000 years to about the lowest recorded temperature (+5 <C) as the baseline, a somewhat
different view of climate change during the four Ice Ages emerges. Unlike the presently
used baselines, the lowest temperature baseline is sort of the “absolute” one, in the sense
that it does not depend on any chosen period during the last 440,000 years. Taking such
a temperature as the baseline, the general trend of changes represents approximately the
heat input function. Thus, in this view, the warming pulses with a sharp onset are the main
feature, rather than a sequence of slow cooling and the subsequent sudden warming,
although the basic physics involved in the feedback process may be the same. The
interglacial periods are the peaks of the impulsive warming, rather than “returning to the
normal condition” or “recovery from the Ice Ages”. In fact, the commonly used baselines
represent simply the present conditions, rather than the baseline in climatology.
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1. Introduction

In meteorology and climatology, there is no absolute baseline from which anomalous deviations can
be determined. It depends at least on a chosen period. In discussing the Ice Ages, it is generally believed
that Ice Ages begin rather gradually from the commonly used baseline temperature, and reach their
minimum temperature in about 75,000 years and that the recovery is rather abrupt, taking 10,000 years or
less, and that the period between two Ice Ages, the interglacial period, lasts about 15,000 years.

The upper part of Figure 1 shows this standard view by modifying a black and white version of
the figure in [1], by painting the period below the baseline blue and the period above the baseline red.
In the figure (p.1 in [1]), the 1950 mean value is taken as the baseline value (+15<. The underlying
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consideration in this view is that the present condition is “normal”, the baseline temperature being
+15 <C, which is shown as the baseline (the 0 <C line) in Figure 1. In fact, all the radiative balance
considerations are discussed on such a basis [2-5]. However, the baseline value of the figure (p. 1 in [1])
is modified from 15 <C to 13 <T for the reason mentioned below.

In discussing climate change during the Ice Ages, there are two issues to be considered: the baseline
temperature and the range of temperature changes. The global average temperature increased from
+13.7 T to +14.4 T between 1850 and 2000 (Figure 1 in [6]). The most reasonable temperature may
be the one based on the above fact and the net radiative balance (Chapter 6.8.2 in [7]) which is about
+13 <C. The second issue is the range of temperature changes during the Ice Ages. Figure 1 is based on
the records at VVostok, but the Greenland records show a larger range of temperature changes [8]; both
were compared and discussed [9,10]. For these reasons, in Figure 1, we consider the zero-line
temperature to be 13 <C and the range of temperature to be 8 <C. In spite of such uncertainties, the
basic argument in this paper is not affected. That is, it may be worthwhile to
consider the lowest temperature during the last 440,000 years as the baseline.

Figure 1. In the upper part, based on the standard view, there were four successive
Ice Ages (painted blue) during the last 440,000 years and the intervening interglacial
periods (painted red). The original figure has a black and white format (Figure 1.5 in [1]).
In the lower part, the base line is chosen to be +5 <C, and the whole range of changes is
painted in red.
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2. New Baseline

However, glancing at temperature changes during the last four Ice Ages, one realizes that other
interpretations of the temperature changes may be possible, depending on the chosen baseline. First of



Climate 2014, 2 131

all, Figure 1 shows that the lowest temperature level during the last 440,000 years is about 8 <C
lower than 13 <C. If we take this minimum temperature as the baseline temperature, it might be
considered as sort of the “absolute” one, since it does not depend on any chosen period during the last
440,000 years. The lower part of Figure 1 is constructed by taking +5 € (=13 € — 8 <) as
the baseline.

In this view, the temperature changes during the last 440,000 years consisted of a sequence of
four impulsive warming periods and the subsequent slow cooling (combining the first and the last
ones). Thus, the combined change may represent approximately the heat input function to the earth
system. Further, the interglacial period is the peak of the warming, rather than returning to the
“normal” condition.

3. Summary

If we adopt the proposed baseline (+5 <C), it is close to the absolute baseline condition for at least
440,000 years; it does not depend on any chosen period. Although the basic physics involved in the
feedback process may be the same for both views of the baseline, the new baseline view suggests that
the trend of the temperature changes represents the heat input function. In this regard, it may be noted
that there has been considerable progress on the astronomical effects on the earth’s climate [11,12]. In
particular, the time rate of changes of global ice volume agrees very well with summer time insolation
in the northern latitudes, so that the direct solar input is now determined.
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