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Past abrupt climate change

* Brief overview of Glacial-Interglacial cycles
* Millennial-scale variability of the last glacial period
* Relevance for past warm periods and future changes



How to estimate past climate change?

Paleoproxy records

Numerical experiments
with Earth System Models

Ice core records
Marine sediment cores
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Paleoclimate Archives

lce Core Records

Sintering Process
Surface Density (g/cm®)
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USED TO RECONSTRUCT:
e Temperature:

6180 =f(180/!%0) and 6D =f(?H/H)
* Atmospheric gases: CO,, CH, 8'3CO,...




Glacial - Interglacial Cycles

EPICA Dome C, Antarctica
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Temperature anomaly, C

Glacial - Interglacial Cycles

EPICA Dome C, Antarctica

Laurentide Icesheet
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Glacial - Interglacial Cycles

EPICA Dome C, Antarctica

Temperature anomaly, C
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~e__External forcing:

Laurentide Icesheet

Insolation
Milankovitch Cycles, (Changes in Earth’s Orbit)

e Internal forcing (Positive Feedbacks):
Atmospheric CO,
Northern Hemisphere Icesheets

Last Glacial Maximum

Ice Cover, ICE5G
Peltier, 2004



Dansgaard-Oeschger / Heinrich variability

NGRIP Ice Core 6180, Greenland
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Dansgaard-Oeschger / Heinrich variability

Greenland and Antarctic Temperatures
WAIS (2015) and NGRIP (2004)
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Dansgaard-Oeschger / Heinrich variability

Precipitation in the Tropics

Deplazes et al., 2013



Dansgaard-Oeschger / Heinrich variability

Dry
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Dansgaard-Oeschger / Heinrich variability

Antarctic records
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Heinrich events

Greenl.

Laurentide
ice sheet

Marine
sediment core




Oceanic circulation

Antarctic
Bottom Water



Dansgaard-Oeschger / Heinrich variability

Interstadial (warm): strong North Atlantic Deep Water
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Dansgaard-Oeschger / Heinrich variability

Stadial (cold): weak North Atlantic Deep Water
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Dansgaard-Oeschger / Heinrich variability

Heinrich Stadial (cold): weak North Atlantic Deep Water
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Dansgaard-Oeschger / Heinrich variability

AMOC
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Glacial hydroclimate variability in Southern Europe
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Dansgaard-Oeschger / Heinrich variability
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Weak AMOC leads to dry conditions
in the Northern tropics and mid-
latitude

. Arabian Sea

g

alL”
Precipitation (cm/year)

8

Se

—
=
(=]

—
Q.
=3

<

Arabian

2

-1r  Hulu cave, China

8 ~
|

= Model

—
Q.
=3

<

Proxy

Hulu

& 8 & 8
Precipitation (cm/year)

I

g
&
wl
8

40
time [ka] Menviel et al., 2014



Heinrich Events / AMOC Shutdown

Climate Response

Climate anomalies AMOC off — AMOC on

SST anomalies (°C) Air temperature (°C) anomalies
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Heinrich Events / AMOC Shutdown

Climate Response

Climate anomalies AMOC off — AMOC on

SST anomalies (°C)

- Southward shift of the Inter Tropical Convergence Zone
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- Bipolar seesaw pattern
(e.g. Stouffer et al. 2006, Kageyama et al., 2013)

Precipitation (cm/yr) and wind anomalies
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Dansgaard-Oeschger / Heinrich variability

NADW weakening

|

Cold conditions in the North Atlantic region
Warmer conditions in the South Atlantic

|

Southward shift of the ITCZ
Dry in northern tropics/wet in southern tropics



Dansgaard-Oeschger / Heinrich variability

Antarctic records
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Dansgaard-Oeschger / Heinrich variability

Greenland and Antarctic Temperatures
WAIS (2015) and NGRIP (2004)
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Dansgaard-Oeschger / Heinrich variability

Bipolar seesaw

Nb models simulating an Increase In Mean Annual Surface Alr Temperature
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Oceanic circulation
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Impact of enhanced AABW on climate

Air temperature anomalies
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Enhanced AABW leads to stronger
oceanic meridional heat transport to
high southern latitudes

Menviel et al., 2015
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Dansgaard-Oeschger / Heinrich variability

NADW weakening

|

Cold conditions in the North Atlantic region
Warmer conditions in the South Atlantic

|

Southward shift of the ITCZ
Dry in northern tropics/wet in southern tropics

|

Atm. (winds) Or oceanic teleconnections
AABW strengthening
Warmer conditions at high southern latitudes



Dansgaard-Oeschger / Heinrich variability

Antarctic records

381 H5 » Greenland
E
5 40
o
S 42
"o
—441
AIMI12 AIM8 _
Antarctica _
30}
>
5 20 , NN
- \x. 'M :
ON 101 N pcoz
(-Q)- £
a of
| | | | | | | | ]
48 46 44 42 40 38 36 34 32
Time, ka B.P.

NGRIP 580 on GICCO5

EDC Temp. (Jouzel et al. 2007) on AICC2012
EDML & Talos ice core pCO, (Bereiter et al. 2012)
Siple Dome ice core pCO, (Ahn and Brook 2014)

AT.’C



(D0) LV PUB|UBID (15 W ¢_0L) “A Xopur uoneinjes
WITDIAOT/AX0ud  ITDIAOT  D9L0E-LOAW

o O O O O

(-8 jown) [_;*0D]1V
09/0€-L0AW

Gottschalk et al.,

LOVECLIM LOVECLIM [CO427] 9
freshwater LOVECLIM  anomalies =
_ forcing (Sv) AMOC(Sy)  (umol kg™
=+ — N
“ 2 - O . .
Ml Ccoc 7T SRRS
ﬂ|a | | | | O
5 -3
>
c
s RN
2 hlks
|m N
(¢o} S by
c O
m <C
< (n 9
3 "<
()]
©
K -
(@) (@]
© T ™
[G) CL



Impact of enhanced AABW on pCO, and oceanic carbon

DIC anomalies (umol/L): AMOC off-AMOC on
Weak AABW
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Impact of enhanced AABW on pCO, and oceanic carbon

DIC anomalies (umol/L): AMOC off-AMOC on
Weak AABW
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Transient simulations of MIS3

Impact of enhanced AABW on pCO,
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Dansgaard-Oeschger / Heinrich variability

NADW weakening

|

Cold conditions in the North Atlantic region
Warmer conditions in the South Atlantic

|

Southward shift of the ITCZ
Dry in northern tropics/wet in southern tropics

|

Atm. (winds) Or oceanic teleconnections
AABW strengthening
Warmer conditions at high southern latitudes

|

Atm. CO2 increase




Millennial-scale variability last glacial period

Weakened East Asian ,

Menviel et al. 2014



Glacial Dansgaard/Oeschger and

Heinrich variability

Dansgaard/Oeschger and Heinrich variability
driven by AMOC variability

But what caused it?
Was there meltwater input into the North
Atlantic?



Abrupt events during past warm periods

The Last Interglacial (~125ka)
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Future changes in NADW

RCP8.5 CMIP5 models

AMOC (Sv) - AAMOC (%)
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Conclusions

- Past records indicate periods of abrupt
climate change (<100 yrs)
- Driven by AMOC variability

- Global climate/carbon cycle impact

- Evidence of such events during warm periods
- AMOC decrease likely in 215t century

- Disintegrating Greenland and Antarctic ice-
sheet might further disrupt oceanic
circulation



Sensitivity studies

Impact of Antarctic ice-sheet melting
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ADeep Pacific C vs AAABW

Deep Pacific carbon release as a function of changes in
Antarctic Bottom Water
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The stronger the AABW the more C is released from the deep Pacific
through the Southern Ocean




Dansgaard-Oeschger / Heinrich variability

Air temp. anomalies (°C)
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Heinrich Events / AMOC Shutdown

Climate Response

Climate anomalies AMOC off — AMOC on

Precipitation (cm/yr) and wind anomalies
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