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Professor Kug's team at Seoul National University has identified a critical
mechanism driving enhanced carbon loss in the ocean: the transition of
the Southern Ocean from a CO, sink to a significant source. Even under
active climate mitigation scenarios, such as zero and negative emissions,
their study shows that the Southern Ocean increasingly outgasses CO,,
indicating that the present-day carbon sink may lose its effectiveness.

The researchers found that a persistent regional increase in sea surface
temperature (SST) combined with a globally uniform decline in surface
alkalinity maintains elevated oceanic CO, partial pressure (pCO,),
eventually reversing the air-sea pCO, gradient. Moreover, this CO,
outgassing is amplified by the Southern Ocean’s high climatological
gas-transfer coefficient, which is primarily driven by the region’s strong
westerly winds and high CO, solubility. The synergy between the warming
ocean and these strong physical marine conditions sustains carbon release
despite declining atmospheric CO, levels.

Using idealized emission-driven simulations with the Community Earth
System Model version 2 (CESM2), the team demonstrated that substituting
the region’s high gas-transfer coefficient with a global mean value
substantially weakens the projected CO, release, underscoring its central
amplifying role. These findings highlight that accurately representing
regional environmental controls on the gas transfer coefficient and
biogeochemical processes in climate models is essential for reliable
projections of the future ocean carbon cycle, with important implications
for assessing the long-term effectiveness of climate policy and carbon

dioxide removal strategies.
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The Southern Ocean (SO) plays a pivotal role in the global carbon cycle
by absorbing anthropogenic CO,. Yet, it remains uncertainwhether this
role will persist under future mitigation efforts. Using idealized
emission-driven simulations with the Community Earth System Model
version 2 (CESM2), we find that the SO transitions from net CO, sink to a
significant source during =zero and negative emissions phases. This
outgassing stems from a persistent regional increase in sea surface
temperature and a globally uniform decline in surface alkalinity. Together,
these changes maintain elevated oceanic pCO,; despite decreasing
atmospheric CO,, reversing the air-sea pCO, gradient (dpCO,). Moreover,
the SO exhibits a high climatological gas-transfer coefficient, primarily
driven by the region’s strong wind speeds and high CO, solubility, which
amplifies the dpCO;-driven flux and enhances CO; outgassing. These
results indicate that the present-day SO CO; sink may lose its
effectiveness during climate mitigation, emphasizing the need to consider
regional feedbacks for long-term climate policy effectiveness.

https://www.science.org/doi/10.1126/sciadv.ace9228

0 eE
0 shadlE ZEols BRotE AEA Sed: 93] B 9UE oY
O A TAACIBH(CESM?) 718t9] olgatel @4 vlE 24 L AA AoIH, o] F
CO: 557t £7] 2702 JBHAY ZagolE 27510 I35he 71E v 54
Pol # 4 vjENos A 4 9L HAF (1Y 1)
O soFe] oJAlalErA £ (pCO:) WSk 7lof= 24 A, U3s|e] 14K s4d 2
= 57 A ATA B QU s 24t s19e) pCo:E o7lRct £7 A8 o

A
az | 0 =S
e

o
HelEs YEE feol 34

st 22 A3t gt

o
a o
O i 2 F = Y o] g
]_

Ao
[e] o=
Fool A&, AE4 Sd3E00 o3t "gge= 79l (Alkahnlty trapping)” ¥
7_5_

dom e & 7] & 94 57t WOl E

PEa ouEe ASAY 4 9S (1 D)

rO

&
i)
3
o
N

W& L RSk gt
of WEHUA, d35 Haw 2=

A3 Sler AAEE AARA BA SRR A APHOE AR (12 2
dasie AN AET 22 CO, 8RR As) 71FEA strasARIt A A

BRUCH 2o JHY. of ReA 54 TR s eusiel LU= Al o
Are St oi719] pCO: Afol (dpCOn)e| AMTOR® Tf7] 5 olMtaiera 3

2 37 5F0] & (29 3)

0 L*:LﬁHQJ 3 7ta B 5F ane] YA 45 { oF 22 =
Fol9] 7tA w@E] JFS FFRer PEs] a3l i X ra
LQJ Agg A A B o diAs] oAl Aldrer Ant g3se] w8 B4 9E



https://www.science.org/doi/10.1126/sciadv.aee9228

Aol A =

1=}

LN

s} A]7] 0|4t

=]

g

o

2
=
S

gead

ZNAd o]

= 202 YEhg (19 3)
1E)o] CMIP6 T}

9

ZECMIP (

2k,

°

o x

=)

iy

o
or

A

+ miEo] &

bt

ZSPS

Bol wa waol

s

FE A2 A

__O_I

o
Klo

K

=
(o]

L

LSS

A

St
4.

e
oj7] % ot

=R

o
=

[

T+

=

te}

Lgst
71

AR S AF
(pCO2)

x| 8t

As

|

Al g

tet

(==
1

=

[

A

2
=
=
Q9

H

Dong-Geon Lee, Nadine Goris,

=
=

o]

(e}

T

7o) obd, 1
7]

HFel A

[

1

27} 98
L I

tf

of &=
7 eS HoE. T2 9 o]
z

(e}

T

9

=

7]
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Enhanced carbon loss in the Southern Ocean under mitigation scenarios
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