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Exploration of palaeoclimate is a challenge for both data and
modelling scientific communities. Among scientists, there are
sometimes different opinions about the reliability of palaeodata
and model simulations. However, in one point there is a strong
consensus between both communities: the past, on different
time scales, provides us with the best way of validating climate

models. Until we can successfully “predict” the past, our models

cannot be relied upon for the future. This article discusses
research on a broad spectrum of palaeodata archives (ice-
core, marine, terrestrial and palynological), as well as climate

modelling.

Ice cores provide excellent
annual records including both
local and global signatures, like
CO, and CH, concentrations.
The latter allow a synchroni-
sation of Greenland and Antarc-
tic records, helping to establish
the phasing between events
in both hemispheres. Marine
sediment records, with their
extensive coverage, constitute an
archive of both surface and
deep-ocean conditions, which
can be related to past climate
and ocean circulation. Terrestrial
records allow reconstructions of
vegetation, lake levels, and dust,
and are hence crucial to obtain
information about spatially het-
erogeneous climatic responses.
Varved (annually resolved) lake
sediment records, together with
tree-ring data, are the major
source of information on inter-
annual variability in the past
for large areas and could pro-
vide invaluable information on
natural climate variability and
its dependence on the mean cli-
matic state.

Palaeoclimate simulations
provide insight into the sen-
sitivity of the climate system

16

and hints about the processes
and feedbacks responsible for
past climatic change, both
crucial aspects for future
potential anthropogenic climate
change. For example, intensified
summer monsoons and north-
ward shift of forests in the
northern hemisphere at the
mid-Holocene (c. 6000 BP) and
the last interglacial period (c.
120-130 kyr BP) are evident

in many palaeodata. These can
be explained, respectively, by
the enhanced land-sea tempera-
ture gradient and the enhanced
summer insolation through the
positive sea-ice albedo and veg-
etation-snow feedback at those
times compared to the present.
In addition, palaeoclimate simu-
lations provide a tool for model
validation, helping to highlight
deficiencies of climate models.
This is a prerequisite for assess-
ing potential climate impacts
due to anthropogenic pertur-
bations of the climate system.
One of the main conclusions

of the Paleoclimate Modelling
Intercomparison Project (PMIP, a
PAGES-CLIVAR project,
www-Isce.cea.fr/ pmip) for the

mid-Holocene climate is that
although all models simulate
wetter conditions over North
Africa, most underestimate the
precipitation increase estimated
necessary to sustain Sahara
vegetation and lake levels as
pointed by data. In contrast,
simulations with intermediate
complexity climate models
which include an interactive
vegetation component
reproduce much wetter condi-
tions, suggesting an important
role for vegetation and its inter-
action with the other compo-
nents of the climate system [1].
A general agreement is also
emerging within the palaeocli-
matic community that there is a
need for a wide range of climate
models of different complexity,
from conceptual to comprehen-
sive general circulation models,
and that it is crucial to incorpo-
rate proxies into models that can
be directly compared with the
palaeodata.

Climatic archives, especially
ice-core records, provide a fasci-
nating picture of the past cli-
mate of the Earth during the
last 400 kyr [2]. The most dra-
matic features are the glacial-
interglacial cycles. Temperature,
greenhouse gases and ice-sheet
volume show cyclic variations
characterised by long cold
periods and shorter warm
interglacials, within apparently
stable bounds. After decades of
research, the strength of the
astronomical theory of climate,
which states that variations in
the orbital parameters of the
Earth are the ultimate drivers
of glacial-interglacial cycles [3],
has been clearly demonstrated
through a wealth of data. Yet, it
remains unclear which processes
and feedbacks have maintained
the natural Earth System within
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Figure 1. Long term variations of (a) eccentricity and (b) June insolation at 65°N (from [4]) and (c) simulated ice
volume for the past (black, from [10]) and future (from [5]). For the future, three CO, scenarios were
used: last glacial-interglacial values (red), a concentration of 750 ppmv (green) and a concentration

k of 210 ppmv (blue). Data kindly provided by M.-F. Loutre.
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its bounds during the last 400
kyr. Identifying these would be
a major step in our under-
standing of the dynamics and
the resilience of the climate
system, and whether human
activity might perturb the Earth
System from its current appar-
ently stable mode of operation.
A question related to global
sustainability concerns is when
the next glaciation can be
expected. The fact that the
length of the Holocene (i.e. the
last c. 10 kyr) has already sur-
passed that of some previous
interglacials has led some pre-
vious authors to speculate that
this should imply its imminent
end. In contrast, the astronomi-
cal theory of climate predicts an

exceptionally long duration of
the present interglacial as a con-
sequence of the particular orbital
forcing during the next 50 kyr
[4,5]: eccentricity is approaching
a value close to zero, its mini-
mum value being attained in 20
kyr (Figure 1). Based on this,

an important message for the
future is the fact that we might
be entering a very special period
in which one of the forcing
mechanisms, insolation, will
scarcely vary, leaving a main
role for CO,. Model simulations
[5] suggest a threshold CO,
value exists above which the
Greenland Ice Sheet disappears
(Figure 1). This would mark the
end of the Quaternary ice-age
and the beginning of the so-

called “Quinternary”, an almost
ice-free climate regime.

In spite of the impressive
achievements of the astronom-
ical theory of climate, some
crucial aspects require further
research into the dynamics of
the climate system. The ampli-
tying feedbacks contributing to
glacial inception are not fully
understood. In addition, the
processes behind
glacial-interglacial CO,
fluctuations, which are an intrin-
sic component of glacial-inter-
glacial cycles, remain unclear.

A number of mechanisms have
been proposed, yet all of them
are beset with problems. In real-
ity, several different mechanisms
might operate in combination.
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Figure 2:

[9] and plotted by I. Schramm.

Laurentide ice-sheet thickness and extent simulated by the CLIMBER-2 Earth System Model including the
SICOPOLIS ice-sheet model for constant Last Glacial Maximum climatic conditions. The red arrows indicate
the major ice flow path during the Heinrich event shown in this snapshot. Data kindly provided by R. Calov
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Solving this puzzle is a key

to answer the question of how
much CO, can be sequestered
by the ocean on a long time
scale.

drive the system into a different
mode of operation? Answering
this question requires an under-
standing of the reasons for

plays the role of a non-linear
amplifier. D/O events are char-
acterised by different modes of
the Atlantic thermohaline circu-
lation, which are linked to

An additional fasci-
nating feature revealed
by the ice-core record
and established as well
in high resolution
marine sediment cores
is the large and abrupt
climatic changes, Dan-
sgaard-Oeschger (D/O)
and Heinrich (H) events, \

“Model simulations suggest
a threshold CO, value exists
above which the Greenland Ice
Sheet disappears. This would
mark the beginning of the so-
called “Quinternary”, an almost
ice-free climate regime.”

different convective sites
in the North Atlantic [6].
Some discussions concern
the role played by the
tropics. As evidenced by
the ice-core records,
almost all D/O events

in Greenland were asso-

ciated with CH, varia-
_/ tions. Due to the fact

evident during the past

glacial period. In contrast, the
Holocene appears as a compar-
atively stable period, and it is
thought that the development
of human agriculture within
the Holocene did not occur by
chance, but was favoured by
the optimal climatic conditions.
Could large-scale perturbations
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the different stability of the cli-
mate of the last glacial cycle
compared to today’s, and, ulti-
mately, the mechanisms behind
abrupt climate change. A con-
sistent picture is emerging from
the palaeorecord and simula-
tions with intermediate com-
plexity climate models in which
the Atlantic ocean circulation

that, during the last gla-
cial period, high latitude CH,
sources were covered by ice
sheets, low latitude wetlands
were initially assumed to have
been responsible for such CH,
variations. However, box
models suggest that CH,
changes during the D/O events
originated through a very strong



reaction of wetlands from high
latitude sources, probably from
Eurasia [7].

Heinrich events, in turn,
have been simulated by a vari-
ety of models by invoking insta-
bilities of the ice-sheets once
a given ice-volume threshold
has been surpassed [8]. Recently,
an intermediate complexity cli-
mate model has been able to
simulate, for the first time,
Heinrich events as a result
of internal ice-sheet instabilities
(Figure 2, [9]). But crucial ques-
tions remain: even if this picture
of abrupt climate change and
the crucial role of the thermo-
haline circulation were correct,
the challenge is to determine
what is the ultimate trigger of
the thermohaline variations. An
additional puzzle refers to the
mechanisms behind the Younger
Dryas (a rapid climate change
event that occurred during the
last deglaciation of the North
Atlantic region, c. 11,6 kyr BP):
which mechanisms, together
with meltwater discharges, were
responsible for the extreme cool-
ing given the high CO, concen-
trations at that time?

The 21st century will either
witness the transition to global
sustainability or the further sep-
aration of cultures and gener-
ations into winners and losers
under accumulating environ-
mental and developmental pres-
sure. One important aspect in
the discussion of global sustain-
ability concerns the resilience
of the natural Earth System to
large-scale natural and anthro-
pogenic perturbations such as
those related to variations in
solar luminosity, volcanic activ-
ity, land use, and greenhouse
gas emissions. Further explora-

tion of the role these forcings Marisa Montoya

played in the past requires a Victor Brovkin
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elling communities. It is now
generally recognised that there
is no direct palaeoanalogue of
potential future climate change.
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its history.
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Footnote: This article is based on discussions at a work-
shop titled ‘Paleoperspectives on Global Sustainability’ in
the framework of the First Sustainability Days at the Pots-

dam Institute for Climate Impact Research (September
28th - October 5th 2001). The meeting brought together
about forty palaeoclimatologists in an attempt to extract
the main lessons that can be learnt from the past.
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