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Sea Level Change (cm)
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PARTS PER MILLION
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Global average surface temperature change
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WARMEST OVER LAST 1000 YEARS ?
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WHAT DO WE
LEARN FROM
PAST CLIMATE
CHANGES ?




Last Glacial Maximum 21kyr BP

AT=-5°C

Pre-industrial CO, = 280 ppmv
2000 AD CO, =370 ppmv
2015 AD CO, =400 ppmv

Asea level = —-130m
Aice volume = +52 10%km3

CO, =200 ppmv
(Joussaume, 1993)



Atmospheric CO2 over the last 800000 years
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Interglacial diversity in time and space
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Amplitude des variations climatiques
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100 kyr and
400 kyr

Eccentricity
Cycle
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The 21 kyr (23 and 19)

Precession Cycle The 41 kyr

Obliquity Cycle

Today

spring equinox

summer solstice

22 June 92.8
89.0
sun
x \ winter solstice
fall equinox 22 December

23 September

Berger, 1988 (Rev Geophys); Berger, ORBIT-O-
LATSIS,2001



11000 year’s ago
fall equinox
winter solstice 15 September

17 December 93.2

93 summer solstice
spring equinox 9.4 18 June
21 March

Berger, 1988 (Rev Geophys); Berger, ORBIT-11ky, LATSIS, 2001
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PERIODS ASSOCIATED TO THE MAIN TERMS

IN THE ANALYTICAL EXPANSIONS OF

PRECESSION
N Ampl. Period
(years)

1. 0.0186080 23716
2. 0.0162752 22428
3. -0.0130066 18976

4. 0.0098883 19155

OBLIQUITY ECCENTRICITY
N Ampl. Period N Ampl. Period
(") (years) (years)

1. -2462.22 41000 | 4. o.011029 412885
2. -85732 39730 | o -0.008733 94945
3. -620.32 53615 | 3. -0.007493 123297
4. -41428 40521 | 4. o0.006724 99590

5. -311.76 28910 5. 0005812 131248
6. —0.004701 2305441

Berger, 1978. J. Atmos. Sc.




Astronomical parameters .
an analogue for the future

| |
v 7

AL AN

o
o
o

eccentricity
© o o
(@]
LN

3R
Aunbiigo

[\
\S}

W
e

precession

400 ~600 ~800 ~1000
Time (kyr BP)

Berger, 1978; Berger et al., 2003




Berger, 2012;

in Climate

Change,

Berger et al. Elsa Koppen
1913

(eds) ‘HWH )
‘.

Y
W\
"
o
et i

Milutin Milankovitch ; - :
28 May 1879-12 December 1958 Alfred We ‘ < .
\ ir Koppen

1 November 1880-November 1930 7 October 1846-22 June 1940



Milankovitch
and Climate

Part1

editedby A. Berger, J. Imbrie,
J. Hays, G. Kukla, and B. Saltzman

NATO ASI Series

Series C: Mathematical and Physical Sciences Vol. 126

1982-1984




MURPHY - MILANKOVITCH

FOR GLACIAL : Cool summerin NH

Snow accumulated during winter does
not melt in summer.

= positive balance » larger polar cap
less insolation g higher albedo

available at the surface

U
POSITIVE feedback
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Snapshot simulations
Insolation choice : dates of NH summer occurs at perihelion.
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28 snapshot experiments (LOVECLIM) for 9 interglacials are performed for
using factor separation method. (Yin and Berger, 2010)
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Insolation (Berger 1978): latitude /orbit distribution [Wm™]
time = 127 ky BP {devialion from present—day value)
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Relative importance of CO, and insolation on the warmth intensity is
different from one interglacial to another.

Global annual mean temperature anomaly ("C)

0.4
B Combined
[0 GHG-induced

0.3 M Insolation-induced

Temperature anomaly (°C)

MIS-1 5 7 9 11 13 15 17 19

Yin and Berger, 2012, Climate Dynamics
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Northern hemisphere ice volume (1 0o° km3)
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F UtU re CI i m ate under constant CO, scenarios
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Astronomical parameters .
an analogue for the future
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Archives of climate in Antarctica
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Northern Hemisphere ice volume (106km)
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Northern hemisphere ice volume (1 0o° km3)
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CONCLUSIONS
WE ARE LIVING EXCEPTIONAL TIMES

1. BECAUSE THE MAIN FORCING AT THE THOUSANDS
OF YEARS TIME SCALE WILL NOT VARY ANYMORE,
THE OTHER FORCINGS (GHG) WILL HAVE AN EVEN

STONGER INFLUENCE

2. ENTERING AN ICE AGE IS NOT ANYMORE AN
EXCUSE FOR ALLOWING GHG RELEASE. ON THE
CONTRARY, THE RESULTING GW MIGHT CAUSE
AN EARLIER COOLING IN NNA DUE TO AWEAKER
ENERGY TRANSPORT BY THE GULF STREAM




