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* Introduction
« AMOC: overturning of mass, heat, freshwater

 Atlantic budget of Anthropogenic Carbon (C_,,)



Introduction AMOC definition

The Atlantic Meridional Overturning Circulation
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Introduction AMOC definition
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Introduction AMOC variability

Timescales of AMOC variability

Integration length with high resolution models
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Region-dependent

Subtropics: - wind forcing at higher frequencies

- buoyancy forcing at lower frequencies

SPNA: - buoyancy and wind forcing at low frequencies
(linked to NAO)




Introduction Global inverse box model - Observations
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Introduction Reconstructions & projections

AMOC reconstruction with proxies
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Introduction Reconstructions & projections

AMOC reconstruction with proxies

AMOC projections with models
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Outline

« AMOC: overturning of mass, heat, freshwater
Cainzos et al., 2022 (GRL)



AMOC: mass, heat and freshwater transports Introduction

AMOC monitoring
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AMOC: mass, heat and freshwater transports Data

Three inversions for the
last three decades:
WOCE & GO-SHIP data
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AMOC: mass, heat and freshwater transports Data

Three inversions for the
last three decades:
WOCE & GO-SHIP data
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AMOC: mass, heat and freshwater transports Methods

Inverse modelling - MASS + SALT
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AMOC: mass, heat and freshwater transports Results & Discussion

Two counter-rotating overturning cells
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AMOC: mass, heat and freshwater transports Results & Discussion

¥, (kgm?)

Two counter-rotating overturning cells °.

26.45
Upwelling in South Atlantic subtropical gyre 72

Downwelling in North Atlantic subtropical gyre 204
and SPNA w10

28.15
2823
Bottom
o 1990-1999
Y, (kg m®
Layer
kg m?
Surface I 1v,,(g )
< —h
26.14 25405] W 10205 I 47108 T, 67204 ] 152206 10203 . 0120l Surface
: 58,407 6005 2603 83+04 d3.: 0.4 1 | 11102 1 2
26.45 39405 t 41404 I 33402 4, 21202 f 14+03 01402 02401 26.14
- 3 1 52:06 13£08 49£07  § JA30= 14 \EFPET 8 3
o700 SVEUL_ . 74315 I 66204 4 59205 01204 50501 03208 26.45
J e 572 T 44404 P SLEETI WY R o os0s  — LRE008 1 4
0703 0705 B 31203 T 23£03 18203 " 08203 I 2007 l-oum 27.00
: 09214 36208 wifos [ 2is08 &7+ 14 1 “eae 5
758 38+13 A 41+06 i 29408 184 0.5 v 31107 1 54+12 79+19 2723
2. 11£10 - 2408 - -L0=0T - 08038 3 -43+09 - S57+17 [}
- 08208 47405 01207 23205 o156 2758
4 < :
27 84 torm MES) 09+ 15 .21!2u ey 7
: 23211 07210} 99512 5916 78521 27.84
28.04 b T 0adis BT Visiis 5 oo
€811 SGET 45511 45:14 37410
o . ;
28.10 22£]5 <L 07218 L 13218 = = VAT P = | 9
24112 25413 22 532 22410 16+04 28.10
i " :
215 T[T L 0614 I 24 i 01209 P 21503 T 10
06211 05108 0408 00 02+03 28.15
- . v -+ g
282 05405 4 06%12 ortas ° oxd ® 01201 1 b
Bottom 134087 07080 00 040 010 28.23
A1 A10 A09 A08 A05 A02 ARO7TW+AROTE Bottom
45°S 30°8 19°S 11°8 245°N 47°N 55°N

]&O =04

t3.‘1 =07
lrd 304
5.2% 0.91

55‘-711

l',g 1+18

A
01£138

.
0618

09:15

— A
0408

1118
20+19
23&2.0

4
19218

p——
13207

Layer
4 1
6208 72205 l 0220.1
<« ¥49x08 71207 1§ 2
1604 i 03+07 060.1
4 ‘a0=12 6812 3
04408 o 34211 09403
. 09208 4 41106 1 4
15+04 -07+05 10+04
[ T g I el 1, 5
25407 o 41208 74:186
L 0312 ,eztul 6
1108 420208 3861
1120 .45!241 7
9213 o ATE1S 59218
v
SR T R - — 08216 — 8
5813 4 BT212 % 5 1.1
P R R 02112 < 9
1613 I R i 0606
4 07209 ° 0.9+ 04 | 10
0708 . 020 G 0904
t 00 00
0+0 Ozﬂ. 010‘ "
A0S A03 ARO7W-+ARO7E
24 5°N 36°N 55°N
Layer
R — 1
12:3+.03 0s0® 042047
25403 L D4s0d | 9
13203 0.5+ 0.1 0.1£01
1 133200 08+06 3
08205 30+05 04+03
N 95408 38408 4
20+04 43208 0502
Tix13 T6x18 5
24207 83x12 l 83+13
I P 56+13 6
0.1£07 + 1.8+ 06! 48411
A4%19 nn.?zl 7
12412 M.0+15 §B0=16
P B e — 27:13 M E 8
4413 A 26x11 1808
- 19417 - 12540 - 9
17414 17410 13403
’ +
| 18213 2k 07 %04 < 10
0.3 3.3 oy 15202 08+03
00 00
007 0:0. D:D. 1
A0S A02 ARO7W+AROTE
24.5°N 47°N 55°N



7, (kg m3)

AMOC: mass, heat and freshwater transports Results & Discussion

No significant trends for AMOC at any latitude for the last three decades
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AMOC: mass, heat and freshwater transports Results & Discussion

No significant trends for AMOC at any latitude for the last three decades
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AMOC: mass, heat and freshwater transports Results & Discussion

Heat transport by the AMOC

5 S
& rz,d’%q,‘:%\‘f% o2 @;ﬁ %Q;,w\ ,«""Z@"}f‘\
' Total
. 0.93 +0.05 o S
s 1r o 0.97 £0.09 1
e 0.7020.08 = B 0.60 20.12
g 056 - 2076 075 2007 A
2 0.5/5.60 + 0.08 i S 0.26 +.0.09
5 0.50 £ 0.07 0.50 £0.10 E
© 0.41 £ 0.06 0.41 £0.08
T of 0.36 +0.06 =Y .
— N B 0.01 £0.02
~1990-99 - 2000-09 - 2010-19 481 5653
-0.5
15 Overturni
verturnin
1.2792 0.06u
g 1r przzoee @' ngiggig 0.79 £0.07 1 . .
3 isranes . @R Overturning heat transport, which represents changes
Bost@ $%:NE @ 555058 in the meridional structure of the water column,
E gt bR @ i i
5| al. dominates the total heat transport and increases
001 2001 equatorward
-0.5
1.5
Horizontal (gyre)
£ 1 The horizontal or gyre present constant values across
gos all latitudes and through the decades of this study.
sl 0.04 £0.01|
= 0.12£0.02 003002 901001
§ | @ | D0sz001 883:8;8]. 0.07 0,02 0022001_
2ol e @® Q. o8N eee
R il AL
e o 2O PP P ¢ & Fad e



AMOC: mass, heat and freshwater transports Results & Discussion

Freshwater transport by the AMOC

The freshwater overturning component
presents a stronger southward transport in the
sections close to the equator. The south
Atlantic subtropical gyre presents low values
of overturning freshwater flux at 30°S, with
values close to zero at this latitude.

The horizontal or gyre freshwater flux displays
a higher northward freshwater flux in the
sections that occupy the subtropical gyres,
with similar values for all decades.
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Outline

 Atlantic budget of Anthropogenic Carbon (C_.)
Cainzos et al., 2022 (GBC)
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Atlantic C,, transport Introduction

depth (m)

The change of Anthropogenic carbon transport in the ocean
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depth (m)

Atlantic C,, transport Introduction

The change of Anthropogenic carbon transport in the ocean
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Atlantic C_,, transport Introduction

Anthropogenic carbon transport with monitoring arrays
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Atlantic C_, transport Data

Biogeochemical data
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Atlantic C_,, transport Methods

Inverse modelling with biogeochemical variables

JAL

Az,

JAG11
i

EA,

n

CAreg

CA1n
€Ay

CAg1n
€Ay
S—\1 n

0

fa,
fAs

ff\q 1,n
fAqn
8A1n
8Azn

8Aq 1
8Aqn
hyy,
ha,,

hy

Ag-1,n

hag .,

JA1n

JAs

JAq 1
I

B
CBreg
€B1 4

By

CBq-1,1

By,

5Bt

f“m
fp, |
By 14
LBq 1
By

8Bs1

8By 1.1
8Bq.1

By
iB,

©Bt,m

0
CByey
€Bim
®Ba2,m

By-1,m
€By,

0
j‘I‘g‘.\ll
fB1 m

fBy

By 1m
B,

8By m
8Bam

8B 1,m

SBym
hg,

m

hp,

by,
hp, .
IBim

JB2.m

JBy-1m

IBam

o =

0

0
0

I'sio
0

0

I'Sio

I'PO

ba

YA, + B, + Tag, + Ty,
YAreg
YBreg
YA, T¥B, +Ti\l<k - TBII«
YA, TYB,

YAq 1 TVBy 1
YA, T VB

T Sa
ZA T T eny

o 4+ T Sp,
“By, Bei g,

fa fp
ka, +kg, 4 TA,Jﬁ) t TRy, “!311> Fas + Bo,,

ka, + kg, + Bo,,

k\q T kBq s ]3()'_%; 1
k Aq + lq—;( + B()zq

A eB
Ta, + 1B, + TAEk(ﬁ) + TBEk(ﬁ> +Bo,, -0

rp, +18, + Bo,, N0

TAq + By + B()zq 1 "INO
TAq T 1B, + B()Zq “INO
- (hal\ | bhg, N
ta, +tp, +1 \]—,,(ﬁ) + ]rzm(ﬁ) +Bo,, "1810
ta, +tg, + Bo,, “Tsi0

tAq 1 + By +Bosg " 1siO
taq +tBq + B0y, TS0

, ja . s
up, Hup, + lA];l:(i) - l”L‘x(C];‘]> +Bo,, "rPo

up, +up, +Bo,, " TPO

up, o, FuB,, +Bo,y PO
up, +up, +Boy, PO

e: mass y: mass transport
s: salt z: salt transport
f: oxygen k: oxygen transport

g: nitrate r: nitrate transport

J: phosphate  u: phosphate transport

b: reference velocities

Tg: Ekman transport

ATg: Ekman correction

F..s: oxygen influx from the air- sea
interphase

AF,_: adjustment of oxygen influx

Bo,: sources and sinks of oxygen in water
column

ABy,: adjustment of oxygen consumption
rvo: Redfield ratio N-O

rsio: Redfield ratio Si-O

rso: Redfield ratio P-O

n: number of pair of stations for section A
m: number of pair of stations for section B
q: number of layers (11)



Atlantic C_ ,, transport Results & Discussion

C.nh transport divided into components
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C.nh transport divided into components
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Atlantic C_ ,, transport Results & Discussion

Vertical transport of C_,,, transport

Overturning in North Atlantic redistributes the
newly gained C_,, from the atmosphere,
exporting to deep layers
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Atlantic C_ ,, transport Results & Discussion

Vertical transport of C_,,, transport

Overturning in North Atlantic redistributes the
newly gained C_,, from the atmosphere,
exporting to deep layers

Abyssal layers in South Atlantic introduce C_
from AABW with an upward flux to deep layers
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Aliasing Inverse model: single vs multiple sections
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Comparison for 24.5°N

cruise decadal

Single-sectlon RMSE AMOC (Sv) 1.8
inverse model RMSE MHT (PW) 0.18 0.19
RMSE MFT (Sv) 0.220 0.280
Multiple-section RMSE AMOC (Sv) 3.9 1.5
inverse model RMSE MHT (PW) 0.19 0.15
RMSE MFT (Sv) 0.277 0.267

Inverse solutions from single sections are affected
by aliasing, as they capture the circulation
structure of the time of the cruise.

Inverse models with multiple sections at different
latitudes and times agree with decadal averages
from an ocean general circulation model.
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Comparison for 30°S

cruise decadal

Single-section RMSE AMOC (Sv) 0.9
RPN RMSE MHT (PW) 0.05 0.07
RMSE MFT (Sv) 0.180 0.193
Multiple-section RMSE AMOC (Sv) 2.9 26
TN RMSE MHT (PW) 0.09 0.07
RMSE MFT (Sv) 0.084 0.104

Inverse solutions from single sections are affected

by aliasing, as they capture the circulation
structure of the time of the cruise.

Inverse models with multiple sections at different
latitudes and times agree with decadal averages
from an ocean general circulation model.



