Ocean heat redistribution during climate Y°": S“I‘:v
Friedrich A. Burger

stabilization at different global warming levels

Thomas L. Frolicher

Climate and Environmental Physics & Oeschger Centre for Climate Change Research,
University of Bern, Switzerland

Motivation Southern Ocean response e
: : : o i , o s\\\l‘j@um ©
* Increasing greenhouse gas concentrations in the atmosphere AOHC Southern Ocean (>60°S, >200m) (icy_rb_O_V‘_C‘lV‘_Jc‘?.“_JF_‘S_"lufh L_es_S_QfFEC_JCfd @6619 in kouch: yon
trap excess heat in the Earth System. This additional heat 200{ T Ssm-hist ) BN
. — 1.5°C ADIC Southern Ocean (>60°S, >200m)
warms the Earth surface but mostly ends up in the ocean. 1 offected by chonaes 1501 — 2.00C | \\\
. . . W iS | . 250
e The ocean will continue to warm long beyond transient global t:ond okenkiol recovery ifrc\&fo‘c‘mﬂ?« Loo] — ggg \l
warming, even if surface temperature stabilizes. meridional overturning ¥ . % "
: N : - _ Skochastic abrupt cooling occurs earlie :
== How is ocean heat redistributed after global warming stabilizes? ’ ok Wiarmer GWLSP ond. Wia\ a higher /
. . . . =50+ : - v - | | , | = ' | ' ' . ' | ‘ ' |
== Do the spatial patterns scale linearly with the level of global warming? __probability among ensemble members 15002000 21002200 2300 2400 2500 2600 2700 260029003000
1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 '
/ Focus on the Subsurface carbon storage /
Subsurface heat storage -7

— -
~-——__———————————_

Southern Ocean

K Are they sensitive £o the GWLS

s there o critical threshold above which

;""" Recovery of the

_i : h ning?
non UV\COT ChOW\jeS OCCUJZ_, Reglonal heat response . é appe g . .
Onbinygg ¢ ventilation
Transient After 800 years of GWL stabilization leg; J Sim; Jo do
e - - . Jion at ar Wn
Ps :.. r\—) 3 . er
Modelling framework B b s
06 - Weddell Sea
. o . : . : : .. O 03 &

Following an emission-driven historical simulation, CO, emissions are ol 0o | ' _

adapted every 5 years to reach and stabilize at a prescribed warming level ~ -033%, . PYAYE K

(adaptive emission reduction approach, AERA, Terhaar et al. 2022, Silvy et al. 2024) 400\ 40007 ‘gz £ ANl 4 Ty o s looo 1500 2000

| W Y S " - —_ tlas;:;:hist o

* 5 ensemble members AGSAT 000 WA 4 | §a2 ] 2 —1= Deep Mixed Volume

(shading=min-max range) T oL il i A B A A = 2 (MLD>2000m)
3_ - . . . , . . . , . :

° GFDL_ESMZM 1.52C . 19002oooccoo2200230024\0{2500;6002700 28002900 3000 AL 3°C ol 5 mermbers skark .
fully-coupled model g Wedde tSJeC‘: CiOV‘VeC J‘COV‘ o *1 convecting within ~100 years ' <
(Dunne et al. 2012, 2013) 27 - 1 Ho abrint shifle i ooba et | Ak 2C convection is delayed. by fujl y

O © 3000] © it = CQOIPE Siines I SLRERAE «o = a6 years between the Tt and /4"
™ heat content... 2 last member f
11 4000+ S 21 i
y = AL 1.5°C only one member ‘
Stabilized so00, VM T ...instead, a new convection o /
800 years ks i 1 | starts convecting |
y -80 —60 -40 -20 0 20 40 60 80 ~80 —60 -40 -20 0 20 40 60 site POPS Up in the Ross Sea \ "
G/O 4 0 Latitude (°N) Latitude (°N) 1 /
al 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 : e e
(é‘/qf”?' 70020002100 Zonally-integrated heat content anomaly / GWL 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000
by ¢
Sl
(
Precursors of deep convection onset
5 i 4 GSAT . Ape(T, S) . Ape(T, Sp): T-effect ; Ape(To, S): S-effect
as DEN | . > r ' — ] 0.15
v 2 200-yed! deL% 9! O 0.10
R 500- 2! 500- 500 '
O |\ = ci 0.05
F 05 g 2 T
C}O \Q\\'d’ GIObaI response £ 1000- g! 1000- 1000 0.00 E
\\QQ & ) gi I
A \Q(’) - gj —0.05
\Q\} \ 1500 §§ 1500 1500 i _0.10
2.5 ‘ . i | ; ~0.15
° 200075000 2250 2500 2750 30002°%° 2000 2250 2500 2750 3000°°°° 2000 2250 2500 2750 3000
o 2. (/ Year Year Year
3 4 = Potential density anomaly in the Ross Sea
S L15 4 ) ) Surface freshening y y & 505{:2 wa{:eg are brouj\{:{: back
- e 0Cedn ends Up warmin ; WP Qna triqger deep convection
, Lo e geeqn g amofm‘c 9 isolates subsurface waters @ Heok wins: destabilization P 3 P
0 05 re;la‘civekg to the surface GWL () Build up of subsurface heat & solk & r‘eckeasjfhof hejca‘c to ;:he
1900 2000 2100 2200 2300 2400 2500 2600 2700 280029003000 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 CcomPeJcinj effects on Sjcabikijcg) SUurrace then atmosphere
Ocean heat storage Ocean heat storage / GWL
> "efficiency”
‘ - Conclusion
I I o
I \QQ,lV’f)t'
I . . .
: \G:j/’/&‘,g\ * The ocean takes up heat for centuries, sequestering it at all depths, even Stay tuned] Next up
| 0Ot after global warming stabilizes. \_> What is triggering the heat release?
\ , > 2 . . . : . -
|- Bonus: take 9;:\\@ & * We find non-linear responses across warming levels, especially in the N> Early Warning indicakor for Ross Sea deep
\ e s e e s B s e LHANEREEEEE ~ difference with Southern Ocean, where abrupt stochastic cooling occurs at depth earlier conveckion?
\ 190020002100220023002400250026002700280029003000 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 I ) ) o ) i \% 3
N Ocean carbon storage o bon <t . GWL ) and with higher probability with greater surface warming. GWL-dependence of the subtropical gyres heak
N C cean carbon storage / . . . . o ic i
- J 2 ’ « The cooling is caused by a new deep convection site in the Ross Sea, CEV‘J“ZV‘JC' Where most of the heat is in tact
store

triggered by the buildup of heat underneath a very fresh surface layer. This
heat ends up breaking the stratification, is released to the atmosphere while
the surface waters get saltier, which kickstarts deep convection.

Dejargonizer

GWL: global warming level

GSAT: global surface air temperature ~ OHC: ocean heat content  DIC: dissolved inorganic carbon MLD: mixed layer depth A: anomaly relative to 1861-1900



