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Abstract The Atlantic Meridional Overturning Circulation (AMOC) plays a vital role in global climate,
redistributing heat, and freshwater. It is predicted to decline due to anthropogenic climate change, with major
implications for global climate. Accurately assessing AMOC strength with in situ observations has inspired

a number of dedicated observing systems in the Atlantic since the 2000s. However, no consensus has been
reached on whether the slowdown of the AMOC and its associated heat and freshwater transports is occurring.
These dedicated systems are too recent to detect long-term trends. We have analyzed hydrographic data from
zonal sections across the Atlantic for 30 years that predate and overlap the era of AMOC observations. Our
results show no changes in the AMOC for all sections analyzed over the whole Atlantic for the last 30 years. We
also find an increased export of freshwater from the South Atlantic associated with an increase in upper salinity.

Plain Language Summary The Atlantic Meridional Overturning Circulation (AMOC) is the
oceanic process by which upper warm waters flow northward and cold deep waters flow southward. The
AMOC has a large effect on European and global climate. Models have predicted a decline of its strength due
to anthropogenic climate change. Across-ocean systems monitoring the currents on the water column have

yet to find this slowdown. We have analyzed hydrographic data collected for the last 30 years and have built a
model for each decade of the circulation of the Atlantic, and found no changes in time in the Atlantic Ocean for
each hydrographic section. Also, our results present an increase in the amount of freshwater leaving the South
Atlantic.

1. Introduction

The Atlantic Meridional Overturning Circulation (AMOC) transports relatively warm surface, thermocline, and
intermediate waters northwards. This warm upper limb of the overturning circulation releases heat to the atmos-
phere on its way northward, loses buoyancy, and eventually sinks in the subpolar North Atlantic (SPNA) and
Nordic Seas, returning south as North Atlantic Deep Water (NADW; Srokosz et al., 2012). Recent publica-
tions have addressed the long-term millennial evolution of the AMOC and suggest that it has been in a relative
weak state in recent decades (Caesar et al., 2021). AMOC also varies on timescales from seasonal to decadal
(Desbruyeres et al., 2019; Moat et al., 2020; Sévellec & Sinha, 2018).

A great effort to sample the global ocean has been carried out since the 1990s under the World Ocean Circulation
Experiment (WOCE) and, later, the GO-SHIP (Talley et al., 2016) programs. As a result, a global network of zonal
and meridional transoceanic hydrographic sections is available, with repetitions every 5-10 years. The WOCE
hydrographic cruises enabled the computation of a global ocean linear inverse box model for the 1990s focused
on estimating the transports of mass, heat, and freshwater in every ocean (Ganachaud & Wunsch, 2000, 2003),
thus creating a consistent picture of the global ocean circulation.

The need for further information about the evolution of the AMOC led to the deployment of several mooring
arrays in key latitudes to continuously measure the AMOC. The OSNAP (Lozier et al., 2017), RAPID/MOCHA/
WBTS array (hereafter the RAPID array; Cunningham et al., 2007; Johns et al., 2011), MOVE (Kanzow
et al., 2006), TSAA (Hummels et al., 2015), and SAMBA (Meinen et al., 2013) projects in the Atlantic Ocean
have measured the overturning transport variability on timescales of days, months, or seasons (Frajka-Williams
et al., 2019; McCarthy et al., 2020). However, with the earliest results dating the 2000s, these mooring arrays
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cannot address the longer term decadal changes in the Atlantic Ocean. Hydrographic data, therefore, offer the only
opportunity to understand longer term subsurface variability. Thus, different studies have compared hydrographic
sections conducted at different times, to determine changes of these transports at selected latitudes (Baringer
& Molinari, 1999; Bryden et al., 2005; Fu et al., 2018; Herndndez-Guerra & Talley, 2016; Hernandez-Guerra
et al., 2014, 2019; Koltermann et al., 1999; McDonagh et al., 2015).

2. Materials and Methods

We have constructed three inverse models in a neutral density (Jackett & McDougall, 1997) framework, one for
each of the last three decades, using hydrographic data for the entire Atlantic Ocean. The latitudinal configuration
in each decade varies depending on the available transoceanic sections.

2.1. Hydrographic Data

Basinwide, zonal sections, collected since the 1990s, are part of a collective effort to characterize the ocean in the
frame of the international GO-SHIP Program (Talley et al., 2016).

We have prioritized the repeated zonal sections for each decade in our study (Figure 1), which are: 55°N
(ARO7W + ARO7E), 24°N (A05), and 30°S (A10). Table S1 in Supporting Information S1 summarizes the
chosen sections and their characteristics.

Atlantic water masses are identified with potential temperature, salinity, and neutral density (y") vertical sections
(Figure S1 in Supporting Information S1), which allow defining the reference layer for each section to be used
in the thermal wind equation to estimate the geostrophic velocities and transports. The level of no motion is set
at the interphase of water masses with different directions, such as the southward NADW and the northward
Antarctic Bottom Water (AABW). To compute the mass transports, the water column is divided into several y"
layers (Hernandez-Guerra et al., 2019; Talley, 2008). Additionally, the surface Ekman transport at the time of the
cruise is estimated using the NCEP-NCAR surface winds.

2.2. Inverse Box Model

The estimated mass transport is not balanced with its adjacent hydrographic sections, as the assumed level of
no motion has indeed a velocity different from zero. Thus, inverse box models were introduced in oceanogra-
phy to estimate the unknown geostrophic reference velocities for hydrographic station pairs, subject to chosen
constraints and uncertainties, the most basic of which is mass conservation (Wunsch, 1978, 1996). Conservation
of mass is imposed for each box for the whole water column and each layer. For every single section, mass is
conserved for regional constraints, related to independent in situ measurements and topographic features. The
salinity content of each section is also constrained (Tables S3, S4 and S5 in Supporting Information S1) to
make sure that mass is conserved while allowing changes in freshwater. The Gauss-Markov estimator is applied
to solve these matrices (Wunsch, 1996). The same model configuration is used for each decade, so that differ-
ences in the model solution are attributable to changes in circulation.

3. Results and Discussion
3.1. Meridional Transport

Two counter-rotating overturning cells appear in the results of the inverse models (background arrows in Figure 2).
The upper overturning cell is partially closed by the vertical transport of water, with downward vertical transport
in the SPNA associated with entrainment of warm North Atlantic Current (NAC; McCartney & Talley, 1984) and
upwelling in the subtropical gyre of the South Atlantic Ocean (Figure 2). In the abyssal cell, part of the southward
flowing NADW sinks in the Southern Ocean and then returns northward as the AABW (Wefer et al., 1996) that
then upwells on its way north to the subtropical North Atlantic. This study does not reach latitudes south enough
to observe the deep-water formation in the Southern Ocean. The northward transports of upper and abyssal
layers are balanced by the southward transport of deep layers (Kersalé et al., 2020). The boundaries of the deep
layers lie between y" of 27.84 and 28.15 kg m~* for the southern hemisphere and between or 27.58 and 28.15 kg
m~3 or bottom for the northern hemisphere.
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Figure 1. Map of the zonal sections included in each decade for the inverse model. Each section is accompanied by its World
Ocean Circulation Experiment name and its nominal latitude (between parenthesis) and the colors represent each decade, blue
for 1990-1999, orange for 2000-2009, and green for 2010-2019. Three sections have been repeated in every decade (A10 —
30°S, A05 — 24°N, ARO7W and ARO7E — 55°N).

In the SPNA, the core of the warm NAC gets denser on its way northward, as seen in sections 47°N and 55°N
(Figure 2), with stronger northward transports between y" of 26.45 and 27.58 kg m~ at 47°N (12.4 + 1.8 Sv for
1990-1999 and 13.7 + 1.5 Sv for 2010-2019) and between y" of 27.23 and 27.84 kg m~3 at 55°N (12.1 + 2.5 Sv
for 1990-1999, 11.0 + 1.9 Sv for 2000-2009 and 11.6 + 1.7 Sv for 2010-2019, where 1 Sverdrup (Sv) = 10° m?
s~! ~ 10° kg s~"). This maximum is associated with stronger downwelling values at 27.00-27.84 kg m~.

In the thermocline layers of the subtropical regions of both hemispheres (sections 24°S, 19°S, 11°S, 24°N and
36°N) the transport is maximum at the surface, decreasing with depth, reflecting the usual structure of a wind-
driven subtropical gyre. The apparent variability in the horizontal and vertical fluxes observed in Figure 2 could
be due to the different latitudinal extent among sections in the different decades.

3.2. Overturning Circulation

The meridional overturning circulation is evident in the section-average net transport of northward water by the
upper and abyssal layers and by the southward transport by deep layers for all latitudes (Figure 3).
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Figure 2. Vertical and meridional schematic of the circulation in the Atlantic Ocean for each decade. The gray horizontal lines mark the neutral density interphases,
and the gray vertical lines are the position of each zonal section at their nominal latitude for the (a) 1990-1999 decade, (b) 2000-2009 decade, and (c) 2010-

2019 decade. The horizontal mass transport (1 Sverdrup (Sv) = 10° m? s~ ~ 10° kg s~') is represented with horizontal arrows, in orange for northward (positive)
transport and green for southward (negative) transport. Black dots in the North Atlantic appear in layers with null transport. The vertical transport between two sections
in the interphase between two layers is represented with vertical arrows, in violet for upward (positive) transport and blue for downward (negative) transport. Black
crosses represent layers with no vertical transport. The uncertainties associated with mass transport are part of the results of the inverse model using the Gauss-Markov
estimator. Background arrows manifest the presence of two counter-rotating overturning cells across the basin. A consistent circulation through the decades is observed,
with upwelling in the southern subtropical gyre and downwelling in the northern subtropical gyre and the subpolar North Atlantic.
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Figure 3. Mass transport (1 Sverdrup (Sv) = 10° m?® s~! =~ 10° kg s~!) attending to each layer for each latitude and decade.
The gray bars mark the nominal latitude of each zonal section, and the colors represent each decade, blue for 1990-1999,
orange for 2000-2009, and green for 2010-2019. The mass transport is divided into three layers — upper (a), deep (b), and
abyssal (c). The interphases between these layers are defined as the change from north to south (south to north) transport for
upper to deep (deep to bottom) layers in neutral density coordinates. The uncertainties associated with the mass transport are
part of the results of the inverse model solved using the Gauss-Markov estimator.

There is no apparent change in the overturning strength among the diverse hydrographic realizations carried out in
different decades, with no differences for the upper, deep, and abyssal layers across the Atlantic Ocean. However,
we have to be aware that there are some limitations associated with inverse modeling of hydrographic data.
Each inverse solution could be interpreted as representative of a relatively short time interval (Fu et al., 2020)
or could give information of monthly variations of the AMOC (Bryden et al., 2005). Similarly, Ganachaud
and Wunsch (2003) refer to their estimates as time-average transoceanic transports with realistic uncertainties,
although they acknowledge the temporal sampling problem inherent to the discrete sampling of hydrographic data.

Our results are similar to those obtained by other inverse models of the Atlantic with data of the first decade of
our study (Ganachaud, 2003b; Lumpkin & Speer, 2007; Macdonald, 1995; Sloyan & Rintoul, 2001; Table S2 in
Supporting Information S1). In general, the results agree, but we find more differences in upper layers and our model
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tends to provide smaller transports in bottom layers. A recent reconstruction of three decades of inverse models
using sections north of 24°N (Fu et al., 2020) has also found stability in the strength of the AMOC for the SPNA.

OSNAP data products are available for 21 months, from July 2014 to March 2016 (Lozier et al., 2019). AMOC
values from OSNAP data can be compared to those of the inverse model for the last decade of the section at
55°N (West and East) but taking into account the shorter period in OSNAP data and the limitation of the inverse
model solutions described before. The mass transports from the inverse model for each subbasin (1.0 + 0.9 Sv
for the West and 10.9 + 1.7 Sv for the East) are slightly weaker than those obtained by OSNAP (2.1 + 0.3 Sv
for the West and 15.6 + 0.8 Sv for the East). However, for the total section, the subpolar AMOC is not different
(11.9 £ 2.1 Sv for the inverse model and 14.9 + 0.9 Sv for OSNAP). Our results indicate a fairly constant weak
transport in the Labrador basin over the three decades, and the Eastern basin being the major contributor to the
AMOC, evidencing the OSNAP findings (Lozier et al., 2019; Petit et al., 2020) of weak transport in the Labrador
Sea between 2014 and 2016 that have persisted for the previous three decades.

AMOC estimates are also available for the RAPID program from April 2004 to August 2018 (Moat et al., 2020).
Values for the 2010-2019 decade are very similar between the inverse model (24°N cruise in 2011) and RAPID
(over 2010-2018) for upper (17.2 + 1.2 and 16.4 + 4.5 Sv, respectively), deep (—18.5 + 2.3 and —17.3 + 4.1 Sy,
respectively) and abyssal (0.3 + 1.3 and 1.1 + 0.6 Sv, respectively) layers. The mass transports of the inverse
model of the 2000-2009 decade (24°N cruise in 2004) are weaker than RAPID values (averaged over the inter-
val 2004-2009) for upper (14.8 + 1.5 and 18.0 + 4.7 Sv, respectively), deep (—16.6 + 2.2 and —18.6 + 4.3 Sy,
respectively), and abyssal (0.7 + 0.9 and 0.8 + 0.6 Sv, respectively), although not different, in part due to the high
uncertainties associated to RAPID data.

The question of the slowing of the AMOC or not is exceptionally important. Contrasting the results of in situ
observations and reconstructions is a significant contribution to the debate. Monitoring programs enabled the
observation of interannual changes in AMOC, such as the 0.5 Sv/year weakening of the AMOC at 26.5°N between
2004 and 2012, possibly explained by internal variability (Roberts et al., 2014), although recent studies using
empirical analysis of hydrographic RAPID data dating back to the 1980s show no overall decline (Worthington
et al., 2021). Other higher-frequency variations can be found, such as the ~30% 2009-2010 decrease of AMOC
at 26.5°N based on the previous 5 years of measurements (McCarthy et al., 2012). This decrease in strength
was detected in the AMOC upper limb at 41°N but not in the deep western return limb at 16°N (MSrokosz &
Bryden, 2015; Srokosz et al., 2012).

The relationship between temperature and AMOC enables the use of satellite sea surface temperature as a proxy for
long-term reconstructions of AMOC strength (Caesar et al., 2018; Manta et al., 2021), which can be compared to
the estimations obtained with global climate numerical models (Caesar et al., 2018; Fraser & Cunningham, 2021).
Longer term reconstructions and projections from proxies and high-resolution climate models display a decline in
the strength of the AMOC by 15% (Caesar et al., 2018) and 30% (Rahmstorf et al., 2015) since the 1950s, in the
frame of a consistent weak AMOC for the last 150 years (Thornalley et al., 2018). Fraser and Cunningham (2021)
have found no significant weakening trend in their reconstruction of AMOC over the last 120 years. Expendable
bathythermograph (XBT) and Argo profile data enable the estimation of AMOC (Goes et al., 2020; Majumder
et al., 2016), and results agree with our inverse model, especially for XBT-derived solutions, with Argo estimates
being considerably higher. Monthly XBT transects could complement the study of short-term variability of the
AMOC.

3.3. Heat Transport

Total heat transport can be divided into its components attending to the mechanisms of vertical and horizontal
circulation, allowing to break up the heat transport into a barotropic (throughflow), baroclinic (overturning), and
horizontal (or gyre) component (Bryden & Imawaki, 2001). The throughflow component is the net transport
across the section at the section-averaged temperature (Figure S2 in Supporting Information S1); the overturning
component is the zonally averaged vertical circulation and the horizontal or gyre component is the horizontal
and vertical residual heat (Bryden & Imawaki, 2001; Bryden et al., 2011; McDonagh et al., 2015; Figures 4a, 4c
and 4e). Overall, the overturning heat transport (Figure 4c), which represents changes in the meridional structure
of the water column, dominates the total heat transport and increases equatorward. The horizontal or gyre
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component (Figure 4e) comprises the result of large-scale gyre circulation and eddies, which remains fairly
constant across all latitudes and through the decades of this study (McDonagh et al., 2015).

The North Atlantic subtropical gyre (24°N) shows a greater change in terms of overturning heat transport than
in the rest of sections, with a strong decrease from a maximum value in 1990-1999 of 1.27 + 0.06 PW to
0.97 + 0.07 in 2000-2009 PW and a recovery to 1.10 + 0.05 PW in 2010-2019. The Labrador Sea (55°N West)
net transports are almost null, with negligible contributions from the marked cyclonic gyre affecting the whole
basin (Lozier et al., 2019), vertically and horizontally. Nevertheless, in the Eastern subbasin of the northernmost
section (55°N East) the overturning component majorly contributes to the total heat transport.

3.4. Freshwater Transport

Oceanic freshwater transport is the non-salt part of mass transport. Its divergence can be understood as the
balance of evaporation, precipitation, river runoff, and ice processes. It is calculated by constraining the salt flux
across each section to that across the Bering Strait. The salt flux (or non-freshwater part of the mass transport) is
not affected by the strength of freshwater divergence as this happens at zero salinity. The freshwater divergence
(Figures 4b, 4d and 4f) can be divided, as the heat transport, into its components. On this occasion and in contrast
to the heat flux, the freshwater throughflow contributes from 5% to 35% to the total flux (Figure S2 in Supporting
Information S1). This component represents the evolution of the section average salinity from that of the Bering
Strait (a southward flow of 0.8 Sv with an average salinity of 32.5, resulting in a salinity flux of —26.0 Sv psu;
McDonagh & King, 2005; Woodgate & Aagaard, 2005). The freshwater overturning component (Figure 4d)
presents a stronger southward transport in the sections close to the equator. The horizontal or gyre freshwater flux
(Figure 4f) displays a higher northward freshwater flux in the sections that occupy the subtropical gyres (24 and
36°N in the North Atlantic and 24 and 30°S in the South Atlantic), with similar values for all decades.

The south Atlantic subtropical gyre presents low values of overturning freshwater flux at 30°S, thus being the
only section with a horizontal component larger than the overturning (Mecking et al., 2016). Based on our under-
standing from model studies, the overturning freshwater flux at this latitude has been identified as a possible
proxy for the stability of the AMOC (Bryden et al., 2011; De Vries & Weber, 2005; Dijkstra, 2007; Gent, 2018;
Rahmstorf, 1996; Weber & Drijthout, 2007; Weijer et al., 2019), potentially determining whether it is in a monos-
table or bistable regime. We have found a tendency toward increasingly southward values from 1990 to 1999
(0.00 + 0.02 Sv) to 2000-2009 (—0.08 + 0.02 Sv), and no differences within uncertainties between the 2000-
2009 decade and the 2010-2019 decade (—0.13 + 0.03 Sv), with an overall change between 1990-1999 and
2010-2019. Negative values of the overturning freshwater transport at 30°S indicate that the AMOC transports
freshwater southwards, and a net input of freshwater north of 30°S is necessary to maintain the salinity struc-
ture of the overturning circulation. This result is consistent with other studies relying on observational data that
have found that the overturning circulation effectively carries freshwater out of the Atlantic through its southern
boundary (Bryden et al., 2011; Garzoli et al., 2013; McDonagh & King, 2005; Saunders & King, 1995; Weijer
et al., 1999).

The transport weighted sensitivity of the overturning and horizontal components reflects the change in each
component subtracting the effect of a change in the mass transport. The transport weighted freshwater over-
turning—the freshwater overturning divided by the overturning strength— at 30°S shows a systematic decrease
(0.000 + 0.001, —0.005 + 0.001, and —0.008 + 0.002 for each hydrographic cruise done in each decade, respec-
tively) that reflects an increasing difference between the freshwater content in upper and lower layers. To assess
the origin of this change, we have computed the transport and area-weighted salinity for upper and thermo-
cline, intermediate, and deep layers. The area-weighted salinity (Figure 4g) values for each layer fail to show
changes for each decade. However, the transport-weighted salinity (Figure 4h) for upper and thermocline layers
presents higher variability (34.45, 34.68, and 34.96 for the realizations carried out in each decade), whereas the
intermediate and deep layers remain fairly constant. Thus, this change in the freshwater overturning arises from
an increase in the salinity of upper layers transported northward in the upper ocean, possibly due to higher trans-
port of the salty waters of the Agulhas leakage from the Indian Ocean. Model simulations have indicated that
there might be a Southern Hemisphere origin to the AMOC decadal variability arising from the Agulhas leakage
(Biastoch et al., 2008). The strength of this variability factor decreases northward but can reach up to 0.6 Sv. On
longer timescales, it has shown a correlation with the Atlantic Multidecadal Oscillation, and it has been linked
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Figure 4. Heat and freshwater transport attending to their components, and area and transport-weighted salinity for each
latitude and decade. The gray bars mark the nominal latitude of each zonal section, and the colors represent each decade,
blue for 1990-1999, orange for 2000-2009, and green for 2010-2019. The left panels (a, c, and e) are the heat transport

in PW, and the panels on the right (b, d, and f) are the freshwater transport in Sv. The total transport (a) and (b) is divided

in throughflow, overturning (c) and (d), and horizontal or gyre (e) and (f). The total heat transport (a) is similar to the
overturning heat transport (c), as the horizontal component (e) is quite small. The freshwater divergence (b) also looks like
the overturning component (d), but the horizontal (f) component cannot be neglected. The higher variability among decades
appears at 24°N in both property fluxes for the overturning component. There is an increase in northward heat transport and
southward freshwater transport equatorward. The uncertainties associated with the heat and freshwater transports are part

of the results of the inverse model solved using the Gauss-Markov estimator. The bottom panels are the area-weighted (g)
and transport-weighted salinity (h). Each property has been divided into three water masses — upper and thermocline waters
(circles), intermediate waters (triangles), and deep waters (crosses). The area-weighted salinity (g) does not show any decadal
changes for any water masses, although the transport-weighted salinity (h) manifests an increasing trend at 30°S for the upper
and thermocline waters. As a result, the stratification in the water column is stronger, reflected in the higher values of the
overturning component of freshwater.
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to wind-driven processes (Biastoch et al., 2015). Other studies have found no significant impact on the AMOC
(Weijer & van Sebille, 2014), and therefore, a discussion on this topic continues.

4. Conclusions

The behavior of the AMOC and its driving mechanisms and feedbacks have received much attention in climate
change scenarios due to the major climate impacts associated with a predicted slowdown. As a result, several
ocean locations are being monitored to estimate the changes in the strength of the AMOC at different latitudes.

Our results from inverse models based on hydrographic data show that the Atlantic basin overturning transport
displays no changes at any latitude between the different hydrographic cruises. In the SPNA, our results indicate
that the major contributor to the AMOC for the three decades is the Eastern basin (55°N East) as estimated by
OSNAP for the last decade.

At 30°S, an increase of southward freshwater overturning transport has been estimated over the three decades,
indicating that the AMOC is possibly in a bistable state based on findings from model studies. These negative
values appear when AMOC exports freshwater out of the Atlantic, equivalent to a net precipitation over the
Atlantic basin. In this case, the AMOC has multiple equilibria and may collapse due to a large enough freshwater
perturbation (Dijkstra, 2007; Mecking et al., 2016; Weijer et al., 2019).

Data Availability Statement

Hydrographic data were collected from the CCHDO website (https://cchdo.ucsd.edu) in the frame of Inter-
national WOCE and GO-SHIP projects and from the BODC databases for each cruise: A1l 1992 (https://
cchdo.ucsd.edu/cruise/74DI199_1), A10 1992 (https://cchdo.ucsd.edu/cruise/06MT22_5), A09 1991
(https://cchdo.ucsd.edu/cruise/06MT15_3), A08 1994 (https://cchdo.ucsd.edu/cruise/06MT28_1), A0S 1992
(https://cchdo.ucsd.edu/cruise/29HE06_1), A02 1993 (https://cchdo.ucsd.edu/cruise/06GA226_2),
ARO7 W 1990 (https://cchdo.ucsd.edu/cruise/18DA90012_1), ARO07 E 1991 (https://cchdo.ucsd.edu/
cruise/74AB62_1), Al10 2003 (https://cchdo.ucsd.edu/cruise/49NZ20031106), A095 2009 (https://
cchdo.ucsd.edu/cruise/740H20090307), AO05 2004  (https://cchdo.ucsd.edu/cruise/74D120040404), A03
2005 (https://www.bodc.ac.uk/data/bodc_database/ctd/search/, searching for 36 North under ‘Project’),
ARO7 W 2005 (https://cchdo.ucsd.edu/cruise/18HU20050526), ARO07 E 2007 (https://cchdo.ucsd.edu/
cruise/64PE20070830), A10 2011 (https://cchdo.ucsd.edu/cruise/33R020110926), A095 2018 (https://cchdo.
ucsd.edu/cruise/740H20180228), A0S 2011 (https://cchdo.ucsd.edu/cruise/29AH20110128), A02 2013 (https://
cchdo.ucsd.edu/cruise/06M220130509), ARO7 W 2014 (https://cchdo.ucsd.edu/cruise/74JC20140606) and
ARO7 E 2014 (https://cchdo.ucsd.edu/cruise/74JC20140606). OSNAP data were collected and made freely avail-
able by the OSNAP project and all the national programs that contribute to it (https://www.o-snap.org/). Data
from the full OSNAP array for the first 21 months (31-Jul-2014 to 20-Apr-2016) have been used to produce the
30-day mean MOC, MHT, and MFT time series across the whole section, as well as the gridded property fields,
and are available at https://doi.org/10.35090/wa93-m688. Data from the RAPID-MOCHA program are funded
by the U.S. National Science Foundation and UK Natural Environment Research Council. MOC data from the
RAPID-MOCHA are freely available at https://rapid.ac.uk/rapidmoc/rapid_data/datadl.php (doi:10/d3z4) and
heat transports at https://mocha.rsmas.miami.edu/mocha/results/index.html (doi:10/gwqg). The Florida Current
cable and section data are made freely available on the Atlantic Oceanographic and Meteorological Labora-
tory web page (www.aoml.noaa.gov/phod/floridacurrent/) and are funded by the DOC-NOAA Climate Program
Office - Ocean Observing and Monitoring Division. Florida Current daily mean transport from year 2000 until
present is available at https://www.aoml.noaa.gov/phod/floridacurrent/data_access.php and historical data from
1982 to 1998 at https://www.aoml.noaa.gov/phod/floridacurrent/historical_data.php, of which we have used the
used data from 1990 to 1998. The daily mean u and v-wind components of NCEP/NCAR reanalysis winds were
collected from https://psl.noaa.gov/data/gridded/data.ncep.reanalysis.pressure.html.
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