CHICAGO

Sea-ice control on glacial-interglacial
circulation changes, deep ocean
ventilation, and carbon storage

Alice Marzocchi and Malte Jansen

K
. . ceanography Centre
alice.marzocchi@noc.ac.uk now at: T T



Glacial-interglacial transitions: ocean’s role?
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Observational and paleoclimate record

preindustrial Last Glacial Maximum
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Changes in ocean circulation

preindustrial Last Glacial Maximum

upper cell upper cell (AMOC)
(AMOC) E
abyssal cell E % ) abyssal cell é
S N S N

What drives glacial-interglacial water masses reorganization?
Key player: Antarctic sea ice



Glacial Antarctic sea-ice expansion

Glacial Southern Ocean:

+++ sea-ice formation/export
+++ buoyancy loss rates

inter sea ice
(glacial; cumar)

Winter sea ice
(modern)

Globally:

+++ stratification
———— AMOC depth

(e.g. Shin et al., 2003; Ferrari et al., 2014; Jansen, 2017 )

?

_ LGM: up to 7° equatorward expansion
Gilele s Ll (e.g. Gersonde et al., 2005; Benz et al., 2016)



|dealized ocean-sea-ice simulations

circumpolar
current

70°

Coupled to dynamic sea-ice model

MITgcm

single basin with
re-entrant channel

1° X 1° horizontal resolution
29 vertical levels

prescribed P-E, winds
and atm temperatures



+++ Sea ice expansion

|dealized ocean-sea-ice simulations +++ buoyane e
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: : , +++ stratifcation
LGM forcing: atmospheric cooling (2—6°C) ___ AMOC depth



coup led Preindustrial Last Glacial Maximum

. e " e — ’
climate 5% N “ H \ﬁ__ v“e” E; i o
model f e 2 4 - . -

. -~ o " adaasd " g B el ’ : "=
! mem""’nw‘”...\& o J ~ '. rtegroted boss rete: £ 76 10" m's’ 42 IJJ . b '( 8

0 oo 12 180 240 200 0 0 a0 1290 N0 240 200 20
Longtude Longtucie

Degth oy

I3

Doger

10 0 X
Lattudie Lttuce

CCSMS3 simulation (Otto-Bliesner et al., 2006) Marzocchi and Jansen (2017)



From ocean circulation to carbon storage
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From ocean circulation to carbon storage
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|dealized simulations forced by atm cooling

coupled to
biogeochemical model

70°

coupled to
atmospheric “box”

Marzocchi and Jansen (submitted)
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Carbon pump decomposition glacial-interglacial pCO,

(e.g. Ito and Follows, 2005, 2013; Goodwin et al., 2008; Lauderdale et al., 2013) variations: 80-90 ppm
glacial pCO, drawdown 40 ppm
solubility pump contribution 16 ppm Lenms%?ﬂitiﬁtri effect

disequilibrium pump contribution r.seppm

biological pump contribution SNl soft tissue + carbonate pump
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Summary and conclusions

)  |dealized ocean-ice-biogeochem. simulations:

* During glacials, enhanced Antarctic sea-ice

N T formation/export increases buoyancy loss
P R E S E and stratification, leading to AMOC shoaling
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AMOC transient & equilibrium solutions: a cautionary tale

spin-up (transient) equilibrium

reference/initial condition
preindustrial

cooling

forcing: 2-6°C atm .
warming

Latnude Latnude

Jansen et al. (2018)



