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depuis son origine, il ya4,6 milliards d'annees. Us mettent
en evidence un climat generalement plus chaud que celui

des deux derniers millions d'annees.
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CARBON DIOXIDE content of the atmosphere relative to today's level is plotted for
the past 100 million years, with a given set of parameters. The abundance of CO2 is
affected fay the deposition and burial of organic matter (the soft carbon-beanng re-
mains of plants and animals) hi ancient swamps and sea floors. Such burial effec-
tively removes CO2 from the atmosphere, a fact reflected in the curves: the lower
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EFFET DE LA PRECESSION

Difference de temperature au sol DJF [Celsius], (1.12-30.02)
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Figure 1: Climate forcings (Wm 2) due to (a) the CO2 greenhouse effect, (b) the aerosol

direct effect, and (c) the aerosol indirect effect.
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Mean change CONT-AERTOT in surface temperature [Celsius]
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MODIFICATIONS DE LA PLUVIOSITE POUR UN CLIMAT CHAUD

J) Regions Tropicales:

Ralentissment de la cellule de Hadley
Augmentation de Phumidite et de la chaleur dans les couches
surface

Regions de moyennes latitudes
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MODELS vs DATA: d(CLOUD WATER PATH)/d(SST)
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Figure 10: Sensitivity of the cloud liquid water path to SST changes derived from obser-

vations (black and white bars) and from the UKMO (filled bar), ECMWF (thick bar) and

LMD (thin bar) models.
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Change in Cloud Radiative Forcing
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500 hPa VERTICAL VELO r> T Vo i (JJA 88)
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Figure 3: 500 hPa vertical velocity derived from NCEP re-analyses and simulated by the
three models for June-July-August 1988. Units: hPa/day.
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Figure 1: Longwave component of the cloud radiative forciag derived from ERBE data and
simulated by the three models for June-July-August 1988. Units: W/m2,
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MODELS vs DATA: d(LW CRF)/d(SST)
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Figure 7: Sensitivity of the (top) LW CRF and (bottom) SW CRF to SST changes derived

from data (grey bars) and from the UKMO (filled bar), ECMWF (thick bar) and LMD

(thin bar) models.
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Figure 3.22: Reconstructed climate records showing rapid changes in the North Atlantic and in Greenland; the corresponding events
(indicated by thin dashed vertical lines) are damped in the Antarctic record. Temperature changes are estimated from the isotopic
content of ice (Greenland and Antarctica) and from faunal counts (North Atlantic). HLl to HL5 indicate sedimentary "Heinrich" layers.
Figure adapted from Jouzel et al. (1994).

temperature on century time-scales, over the past
millennium, as less than ±0.5°C.

3.6.3 Rapid Cimate Changes in the Last 150,000 Years
The warming of the late 20th century appears to be rapid,
when viewed in the context of the last millennium (see
above, and Figures 3.20, 3.21). But have similar, rapid
changes occurred in the past? That is, are such changes a
part of the natural climate variability? Large and rapid
climatic changes did occur during the last ice age and
during the transition towards the present Holocene period
which started about 10,000 years ago (Figure 3.22). Those
changes may have occurred on the time-scale of a human
life or less, at least in the North Atlantic where they are
best documented. Many climate variables were ^affected:
atmospheric temperature and circulation, precipitation

patterns and hydrological cycle, temperature and
circulation of the ocean.

Much information about rapid climatic changes has
recently been obtained either from a refined interpretation
of existing records or from new ice, ocean and continental
records from various parts of the world. Of particular
significance are those concerning the North Atlantic and
adjacent continents such as the GRIP (Dansgaard et al.,
1993) and GISP 2 (Grootes et al., 1993) central Greenland
ice cores, numerous deep-sea core records from the North
Atlantic, and continental records (lake sediments, pollen
series, etc.) from Western Europe and North America.
These records provide descriptions of the last glacial period
and the following deglaciation. The observed rapid changes
are often large in magnitude, and thus there is considerable
confidence in their reality.
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Fig. 10. A schematic of the interocean exchanges of thermociine waters and of deep waters, as inferred b Gordon [1986].
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Oscillation Nord Atlantique (NAO)
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