Frequently Asked Questions

Frequently Asked Question 6.1

What Caused the Ice Ages and Other Important Climate
Changes Before the Industrial Era?
Climate on Earth has changed on all time scales, including
long before human activity could have played a role. Great progress has been made in understanding the causes and mechanisms
of these climate changes. Changes in Earth’s radiation balance
were the principal driver of past climate changes, but the causes
of such changes are varied. For each case – be it the Ice Ages, the
warmth at the time of the dinosaurs or the fluctuations of the past
millennium – the specific causes must be established individually.
In many cases, this can now be done with good confidence, and
many past climate changes can be reproduced with quantitative
models.
Global climate is determined by the radiation balance of the
planet (see FAQ 1.1). There are three fundamental ways the Earth’s
radiation balance can change, thereby causing a climate change:
(1) changing the incoming solar radiation (e.g., by changes in the
Earth’s orbit or in the Sun itself), (2) changing the fraction of solar
radiation that is reflected (this fraction is called the albedo – it
can be changed, for example, by changes in cloud cover, small
particles called aerosols or land cover), and (3) altering the longwave energy radiated back to space (e.g., by changes in greenhouse gas concentrations). In addition, local climate also depends
on how heat is distributed by winds and ocean currents. All of
these factors have played a role in past climate changes.
Starting with the ice ages that have come and gone in regular cycles for the past nearly three million years, there is strong
evidence that these are linked to regular variations in the Earth’s
orbit around the Sun, the so-called Milankovitch cycles (Figure
1). These cycles change the amount of solar radiation received at
each latitude in each season (but hardly affect the global annual
mean), and they can be calculated with astronomical precision.
There is still some discussion about how exactly this starts and
ends ice ages, but many studies suggest that the amount of summer sunshine on northern continents is crucial: if it drops below
a critical value, snow from the past winter does not melt away in
summer and an ice sheet starts to grow as more and more snow
accumulates. Climate model simulations confirm that an Ice Age
can indeed be started in this way, while simple conceptual models
have been used to successfully ‘hindcast’ the onset of past glaciations based on the orbital changes. The next large reduction in
northern summer insolation, similar to those that started past Ice
Ages, is due to begin in 30,000 years.
Although it is not their primary cause, atmospheric carbon dioxide (CO2) also plays an important role in the ice ages. Antarctic
ice core data show that CO2 concentration is low in the cold glacial times (~190 ppm), and high in the warm interglacials (~280
ppm); atmospheric CO2 follows temperature changes in Antarctica
with a lag of some hundreds of years. Because the climate changes
at the beginning and end of ice ages take several thousand years,

FAQ 6.1, Figure 1. Schematic of the Earth’s orbital changes (Milankovitch
cycles) that drive the ice age cycles. ‘T’ denotes changes in the tilt (or obliquity) of
the Earth’s axis, ‘E’ denotes changes in the eccentricity of the orbit (due to variations
in the minor axis of the ellipse), and ‘P’ denotes precession, that is, changes in the
direction of the axis tilt at a given point of the orbit. Source: Rahmstorf and
Schellnhuber (2006).

most of these changes are affected by a positive CO2 feedback;
that is, a small initial cooling due to the Milankovitch cycles is
subsequently amplified as the CO2 concentration falls. Model simulations of ice age climate (see discussion in Section 6.4.1) yield
realistic results only if the role of CO2 is accounted for.
During the last ice age, over 20 abrupt and dramatic climate
shifts occurred that are particularly prominent in records around
the northern Atlantic (see Section 6.4). These differ from the glacial-interglacial cycles in that they probably do not involve large
changes in global mean temperature: changes are not synchronous in Greenland and Antarctica, and they are in the opposite
direction in the South and North Atlantic. This means that a major
change in global radiation balance would not have been needed
to cause these shifts; a redistribution of heat within the climate
system would have sufficed. There is indeed strong evidence that
changes in ocean circulation and heat transport can explain many
features of these abrupt events; sediment data and model simulations show that some of these changes could have been triggered
by instabilities in the ice sheets surrounding the Atlantic at the
time, and the associated freshwater release into the ocean.
Much warmer times have also occurred in climate history –
during most of the past 500 million years, Earth was probably
completely free of ice sheets (geologists can tell from the marks
ice leaves on rock), unlike today, when Greenland and Antarctica are ice-covered. Data on greenhouse gas abundances going
back beyond a million years, that is, beyond the reach of antarctic ice cores, are still rather uncertain, but analysis of geological
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s amples suggests that the warm ice-free periods coincide with
high  atmospheric CO2 levels. On million-year time scales, CO2
levels change due to tectonic activity, which affects the rates of
CO2 exchange of ocean and atmosphere with the solid Earth. See
Box 6.1 for more about these ancient climates.
Another likely cause of past climatic changes is variations in
the energy output of the Sun. Measurements over recent decades
show that the solar output varies slightly (by close to 0.1%) in an
11-year cycle. Sunspot observations (going back to the 17th century), as well as data from isotopes generated by cosmic radiation,
provide evidence for longer-term changes in solar activity. Data
correlation and model simulations indicate that solar variability

and volcanic activity are likely to be leading reasons for climate
variations during the past millennium, before the start of the industrial era.
These examples illustrate that different climate changes in the
past had different causes. The fact that natural factors caused
climate changes in the past does not mean that the current climate change is natural. By analogy, the fact that forest fires have
long been caused naturally by lightning strikes does not mean
that fires cannot also be caused by a careless camper. FAQ 2.1
addresses the question of how human influences compare with
natural ones in their contributions to recent climate change.
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Frequently Asked Question 6.2

Is the Current Climate Change Unusual Compared to
Earlier Changes in Earth’s History?
Climate has changed on all time scales throughout Earth’s history. Some aspects of the current climate change are not unusual, but
others are. The concentration of CO2 in the atmosphere has reached
a record high relative to more than the past half-million years, and
has done so at an exceptionally fast rate. Current global temperatures are warmer than they have ever been during at least the past
five centuries, probably even for more than a millennium. If warming continues unabated, the resulting climate change within this
century would be extremely unusual in geological terms. Another
unusual aspect of recent climate change is its cause: past climate
changes were natural in origin (see FAQ 6.1), whereas most of the
warming of the past 50 years is attributable to human activities.
When comparing the current climate change to earlier, natural
ones, three distinctions must be made. First, it must be clear which
variable is being compared: is it greenhouse gas concentration or
temperature (or some other climate parameter), and is it their absolute value or their rate of change? Second, local changes must not
be confused with global changes. Local climate changes are often
much larger than global ones, since local factors (e.g., changes in
oceanic or atmospheric circulation) can shift the delivery of heat
or moisture from one place to another and local feedbacks operate
(e.g., sea ice feedback). Large changes in global mean temperature,
in contrast, require some global forcing (such as a change in greenhouse gas concentration or solar activity). Third, it is necessary to
distinguish between time scales. Climate changes over millions of
years can be much larger and have different causes (e.g., continental
drift) compared to climate changes on a centennial time scale.
The main reason for the current concern about climate change
is the rise in atmospheric carbon dioxide (CO2) concentration (and
some other greenhouse gases), which is very unusual for the Quaternary (about the last two million years). The concentration of CO2
is now known accurately for the past 650,000 years from antarctic
ice cores. During this time, CO2 concentration varied between a low
of 180 ppm during cold glacial times and a high of 300 ppm during
warm interglacials. Over the past century, it rapidly increased well
out of this range, and is now 379 ppm (see Chapter 2). For comparison, the approximately 80-ppm rise in CO2 concentration at the end
of the past ice ages generally took over 5,000 years. Higher values
than at present have only occurred many millions of years ago (see
FAQ 6.1).
Temperature is a more difficult variable to reconstruct than CO2
(a globally well-mixed gas), as it does not have the same value all
over the globe, so that a single record (e.g., an ice core) is only of
limited value. Local temperature fluctuations, even those over just a
few decades, can be several degrees celsius, which is larger than the
global warming signal of the past century of about 0.7°C.
More meaningful for global changes is an analysis of large-scale
(global or hemispheric) averages, where much of the local varia-

tion averages out and variability is smaller. Sufficient coverage of
instrumental records goes back only about 150 years. Further back
in time, compilations of proxy data from tree rings, ice cores, etc.,
go back more than a thousand years with decreasing spatial coverage for earlier periods (see Section 6.5). While there are differences
among those reconstructions and significant uncertainties remain,
all published reconstructions find that temperatures were warm
during medieval times, cooled to low values in the 17th, 18th and
19th centuries, and warmed rapidly after that. The medieval level
of warmth is uncertain, but may have been reached again in the
mid-20th century, only to have likely been exceeded since then.
These conclusions are supported by climate modelling as well. Before 2,000 years ago, temperature variations have not been systematically compiled into large-scale averages, but they do not provide
evidence for warmer-than-present global annual mean temperatures
going back through the Holocene (the last 11,600 years; see Section 6.4). There are strong indications that a warmer climate, with
greatly reduced global ice cover and higher sea level, prevailed until
around 3 million years ago. Hence, current warmth appears unusual
in the context of the past millennia, but not unusual on longer
time scales for which changes in tectonic activity (which can drive
natural, slow variations in greenhouse gas concentration) become
relevant (see Box 6.1).
A different matter is the current rate of warming. Are more rapid
global climate changes recorded in proxy data? The largest temperature changes of the past million years are the glacial cycles,
during which the global mean temperature changed by 4°C to 7°C
between ice ages and warm interglacial periods (local changes were
much larger, for example near the continental ice sheets). However,
the data indicate that the global warming at the end of an ice age
was a gradual process taking about 5,000 years (see Section 6.3). It
is thus clear that the current rate of global climate change is much
more rapid and very unusual in the context of past changes. The
much-discussed abrupt climate shifts during glacial times (see Section 6.3) are not counter-examples, since they were probably due to
changes in ocean heat transport, which would be unlikely to affect
the global mean temperature.
Further back in time, beyond ice core data, the time resolution of
sediment cores and other archives does not resolve changes as rapid
as the present warming. Hence, although large climate changes have
occurred in the past, there is no evidence that these took place at
a faster rate than present warming. If projections of approximately
5°C warming in this century (the upper end of the range) are realised, then the Earth will have experienced about the same amount
of global mean warming as it did at the end of the last ice age; there
is no evidence that this rate of possible future global change was
matched by any comparable global temperature increase of the last
50 million years.

