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Centennial to millennial variability in the climate
system: from 21,000 to 10,000 years ago

« “External” forcings acting on the climate system
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“External” forcings acting on the climate system
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“External” forcings acting on the climate system

Dominant orbital forcing is 21 kyr precessional cycle

Shakun et al., 2012

Insolation (% relative to present)
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“External” forcings acting on the climate system

Greenhouse gases increased — exerting positive radiative forcing
(heating) on the global climate system
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“Externa

forcings acting on the climate system

|ce sheets, particularly over North America and Europe,
influenced atmospheric circulation,
and as melted back added freshwater to oceans

LGM

Peltier, 2004
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Centennial to millennial variability in the climate
system: Evidence from the data

Greenland and Antarctic ice cores North Atlantic cores indicate
exhibit very different responses variations in the strength of the
Atlantic Meridional Overturning
Circulation (AMOC)
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Centennial to millennial variability in the climate
system: Evidence from the data

Proxy temperature records
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Centennial to millennial variability in the climate
system: Evidence from the data

CO, concentration and temperature
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Centennial to millennial variability in the climate system:
Using climate models to understand mechanisms
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Centennial to millennial variability in the climate system:
Using climate models to understand mechanisms

Characterization of model deglacial temperature (decadal mean) variability
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Centennial to millennial variability in the climate system:
Using climate models to understand mechanisms

Global temperatures: data and model
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Centennial to millennial
variability in the climate system:
Using climate models to
understand mechanisms
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Centennial to millennial
variability in the climate system:
Using climate models to
understand mechanisms

Proxy hemispheric temperature (°C)
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Centennial to millennial variability in the climate
system: Evidence from the data

Latitudinal responses of temperature
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Liu, Otto-Bliesner et al., 2009
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Liu, Otto-Bliesner et al., 2009

—100.
—120.
—140.

— 480.
— 460.

NADm ESL (m) €02 (ppmv)

SAT (°C)

SsT (°C)

Precip (mm/day)

20.0
16.0
12.0
8.0
4.0
0.0
-28.0

—32.0

—40.0

—44.0

-48.0

18.0

14.0
12.0
10.0

0.0

=l

GGcds

0.05
0.06
0.07
0.08
0.09
0.10

Vostok

Iberian Margi

MJ""‘"\ /] rwl

W™ Cariaco Bagin

3.00 Cariaco Basin 5.0

2.00 10.0

15.0

1.00 .

0.00 — T T T T T T T T T T~ 25.0
—22.0 -20.0 —18.0 -168.0 —14.0 —-12.0 —-10.0

Woge/ ‘Wm‘/ W) IUd(, wy) NO9

(Do)IVS

uonerosur aunpe

(00) 188

(mrmpge)
20UR)IIIY %

Surface temperature changes

Surface temperature

R DL LB B o s s S e s L e e e B
180 150W 120W 90W 60W 30W 0 30E 60E Q0E 120E 150E 180
Surface temperature

80S o . -
] e BEDE , o | b) Recovery Effect ||

908 e R s RN s i s o f i) e
180 150W 120W 90W 60W 30W 0  30E G60E 90E 120E 150E 180
Surface temperature K

(ERRY I AT i |

PRI SR BTN SEVTNTEN U U RN ST N SR S

60S =t

- I il

o "”1 c) Overshoot Effect I )
e B S i B B B B e B B L B
180 150W 120W 90W 60W 30W 0 30E 60E S0E 120E 150E 180

-15-13-119 -7 5 -3 -1 1 3 5§ 7 9 1113 15



Centennial to millennial variability in the climate system:
Using climate models to understand mechanisms

Characterization of model deglacial precipitation variability
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Centennial to millennial variability in the climate
system: from 21,000 to 10,000 years ago

» “External” forcings acting on the climate system: GHGs, orbital, ice
sheets and meltwater are all important depending on region and

climatic variable.

 Evidence from data and transient model simulations:

* GHG changes can explai
temperature,

* Meltwater from ice shee!
explaining abruptness se




Centennial to millennial variability in the climate
system: from 21,000 to 10,000 years ago

« “External” forcings acting on the climate system: GHGs, orbital, ice
sheets and meltwater are all important depending on region and
climatic variable.

e Evidence from data and transient model simulations:

« GHG changes can explain most of mean deglacial warming of global
temperature,

* Meltwater from ice sheets important for Greenland response and for
explaining abruptness seen in so

« Orbital forcing is the external forci
interglacial cycles: Earth system
carbon cycle, ice sheets; for comp
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