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Abstract Variability of the Atlantic Meridional Overturning Circulation (MOC) has drawn extensive
attention due to its impact on the global redistribution of heat and freshwater. Here we present the latest time
series (2014-2022) of the Overturning in the Subpolar North Atlantic Program and characterize MOC
interannual variability. We find that any single boundary current captures ~30% of subpolar MOC interannual
variability. However, to fully resolve MOC variability, a wide swath across the eastern subpolar basin is needed;
in the Labrador Sea both boundaries are needed. Through a volume budget analysis for the subpolar basins'
lower limbs, we estimate the magnitude of unresolved processes (e.g., diapycnal mixing) required to close the
mean budget (~2 Sv). We find that in the eastern subpolar basin surface-forced transformation variability is
linked to lower limb volume variability, which translates to MOC changes within the same year. In contrast, this
linkage is weak in the Labrador Sea.

Plain Language Summary The Atlantic Meridional Overturning Circulation (AMOC) is important
for the global climate due to its role in redistributing heat, freshwater, and dissolved gases over broad spatial
scales. Through continuous observations, we now have an 8-year (2014-2022) time series of volume, heat and
freshwater transports in the subpolar North Atlantic (~60°N). Using these data, our analysis focuses on
characterizing the interannual variability of the AMOC. We first investigated the importance of boundary
currents and found that any single boundary current can account for up to ~30% of the total AMOC interannual
variability. Using a number of data sets, we then quantified the relationship between the water mass formation
through surface cooling and freshening, the storage of water masses in ocean basins, and the AMOC on
interannual timescales. We find an expected relationship in the eastern subpolar basin (between Greenland and
the UK), where formation leads to increased basin storage, which further results in enhanced AMOC.

1. Introduction

As a key component of Earth's climate system, the Atlantic Meridional Overturning Circulation (MOC) plays a
crucial role in redistributing heat, freshwater, nutrients, oxygen, and carbon globally. MOC variability, therefore,
has profound implications for the global climate, marine ecosystems, regional weather, and sea level (Collins
et al., 2019). The MOC consists of a northward-flowing upper limb and southward-flowing lower limb. As the
warm and saline upper limb waters move northward, they gradually lose heat and mix with surrounding waters
from the subpolar North Atlantic (SPNA) to the Arctic, forming the colder and fresher lower limb waters (Arthun
et al., 2023; Weijer et al., 2022). The SPNA is a key region where this transformation occurs (Figure 1a).
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Figure 1. Map of the subpolar North Atlantic (a). Shading, indicating bathymetry at 500, 1,000, 2,000, and 3,000 m, is
superimposed with the winter climatological sea surface potential density (o4, kg m™>) from EN4. Overturning in the
Subpolar North Atlantic Program (OSNAP) West, OSNAP East, and Greenland-Scotland-Ridge (GSR) sections are indicated
by thick black lines. OSNAP mooring positions are marked by cyan dots. Orange triangles mark the offshore extent of boundary
current regions: Rockall Trough, East Greenland Current (EGC), West Greenland Current (WGC) and Labrador Current (LC).
Arrows illustrate horizonal currents: North Atlantic Current, East Reykjanes Ridge Current, Irminger Current, EGC, WGC, and
LC. Monthly time series for (b) the Meridional Overturning Circulation, (c) meridional heat transport, and (d) meridional
freshwater transport across the full OSNAP array (black), OSNAP East (orange), and OSNAP West (cyan). Shading represents
monthly uncertainty estimated using a Monte Carlo approach (Lozier et al., 2019).

Boundary currents play a key role in MOC dynamics because they are the main conduit for advecting waters
throughout the SPNA and because during their transit they strongly interact with newly-convected waters in the
basin interiors. Across the Iceland basin and the Rockall Trough (RT), the North Atlantic Current (NAC)
transports warm and saline waters into the eastern SPNA with multiple branches, primarily residing in the MOC's
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upper limb (6 <27.55 kg m™>). After circulating through the Iceland and Irminger basins, the waters, now cooled,
freshened and densified, exit the eastern SPNA via the East Greenland Current (EGC) and enter the Labrador Sea
via the West Greenland Current (WGC). The waters, further cooled and freshened as they transit this basin, exit
via the Labrador Current (LC) and Deep Western Boundary Current (DWBC).

The Overturning in the Subpolar North Atlantic Program (OSNAP) array has continuously measured the subpolar
MOC and meridional heat and freshwater transports (MHT and MFT, respectively) since 2014. The OSNAP West
and East sections measure the overturning in the Labrador Sea and the eastern subpolar basin (the Irminger and
Iceland basins and RT), respectively. The initial 2 years of OSNAP observations revealed that overturning in the
eastern subpolar basin dominates the mean and variability of the total subpolar MOC, with a smaller contribution
from the Labrador Sea (Lozier et al., 2019). Using 4 years of OSNAP data (2014-2018), Li et al. (2021) found that
no individual boundary current accounted for more than 10% of the total MOC variability, contrasting with the
traditional view that the western boundary current is a major contributor to MOC variability. Subsequent studies
found that the EGC and the Irminger Sea interior flow together explained up to 55% of OSNAP East MOC
variability on intraseasonal timescales, with the interior flow variability primarily driven by large-scale wind
forcing (Li et al., 2024; Sanchez-Franks et al., 2024). An analysis of the OVIDE section (between Greenland and
Portugal) attribtues MOC seasonal variability to density changes at the EGC (Mercier et al., 2024). However, the
contributions of boundary and interior currents to the observed subpolar MOC variability on interannual time-
scales remains unexplored.

Surface-forced water mass transformation (SFWMT) is a key process converting light upper limb waters to dense
lower limb waters. Consequently, the strength and variability of the overturning are expected to be linked to
SFWMT (Josey et al., 2009; Marsh, 2000). Studies on the time-mean relationship between the MOC and SFWMT
in the SPNA (Buckley et al., 2023; Evans et al., 2023; Petit et al., 2020) found that SFWMT explains the majority
of the mean MOC strength, with diapycnal mixing playing an important but secondary role (Evans et al., 2023; Fu
et al., 2024). For instance, in the Labrador Basin, mixing accounts for the formation of 36% of waters in the lower
limb (Zou et al., 2024). The gradual freshening of saline Atlantic water circulating around the SPNA is also
attributed to mixing with fresh coastal waters of Arctic origin and glacier melt (Bebieva & Lozier, 2023; Evans
et al., 2023).

Prior to OSNAP, past studies investigating the time-varying SPNA MOC-SFWMT relationship included those
using model data (Grist et al., 2012, 2014; Josey et al., 2009) and those using observations, where estimates of
geostrophic thermal-wind currents were used to calculate the MOC (Desbruyeres et al., 2019). For the latter study,
SFWMT variability north of 45°N was found to lead MOC variability at 45°N by ~5 years on interannual to
decadal timescales. In the eastern SPNA, Petit et al. (2020) used the first 2-year OSNAP data to show a strong
zero-lag relationship between SFWMT and volume gain in the lower limb, followed by a MOC peak in 5 months.
Using a longer period provided by ocean reanlayses, Fu et al. (2024) found significant correlation between
SFWMT and MOC interannual variability (» = 0.46 to 0.6. Unless stated otherwise, all correlation coefficients are
significant at the 95% significance level.), with SFWMT leading by ~1 year. With the 6-year OSNAP time series,
Fu et al. (2023) investigated the seasonality of the subpolar MOC and attributed the MOC spring peak to winter
SFWMT. These studies underscore the role of SFWMT in driving MOC variability across different timescales.
However, a quantitative investigation of this relationship on interannual timescales using direct MOC observa-
tions is still lacking. In this study, we present the August 2014 to July 2022 OSNAP MOC, MHT and MFT time
series (Section 2.1). Using this 8-year time series, we examine the relationship between MOC and boundary
current variability on interannual timescales (Section 2.2.1). We then analyze the role of SFWMT in subpolar
MOC interannual variability through a lower limb volume budget analysis (Section 2.2.2). Together, these an-
alyses aim to improve our understanding of the characteristics and mechanisms of the subpolar MOC interannual
variability.

2. Results

2.1. MOC, MHT and MFT Time Series

Over the 8-year period, the mean MOC strength across the full OSNAP array is 16.5 =+ 3.3 Sv (0.5 Sv) (Note: For
all reported values in this section, the standard deviation follows the mean and the standard error is in paren-
theses). Consistent with previous studies (Fu et al., 2023; Li et al., 2021; Lozier et al., 2019), overturning across
OSNAP East (16.4 £+ 2.9 Sv (0.5 Sv)) dominates the mean and variability of the total subpolar MOC (Figure 1b),
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as indicated by the high correlation between the two time series ( = 0.90), while overturning across OSNAP West
(2.7 £ 1.3 Sv (0.3 Sv)) plays a secondary role, with a lower correlation to the total MOC (r = 0.45). Please see
Supporting Information S1 for MOC definiation and refer to Lozier et al. (2019) for the calculation details of the
MOC, MHT and MFT.

The mean MHT across the full OSNAP array is 0.51 £ 0.06 PW (0.01 PW) (1 PW =1 X 10" W), with OSNAP
East contributing 0.42 £ 0.06 PW (0.01 PW) and OSNAP West contributing 0.08 £ 0.02 PW (0.01 PW). Similar
to the MOC, MHT variability across the full array is dominated by OSNAP East (r = 0.95), with much weaker
variability at OSNAP West (r = 0.18) (Figure 1c).

MEFT across the full OSNAP array has a mean of —0.36 = 0.05 Sv (0.01 Sv) (“—" denotes southward MFT). MFT
across OSNAP East and OSNAP West contribute —0.19 + 0.04 Sv (0.01 Sv) and —0.17 %+ 0.04 Sv (0.01 Sv) to
this total, respectively. As reported previously, MFT across OSNAP East and OSNAP West contribute almost
equally to the mean and variability of the total MFT (Figure 1d) (Lozier et al., 2019). See Table S1 in Supporting
Information S1 for a compilation of the statistics noted in this section.

2.2. MOC Interannual Variability

The extended 8-year time series allows a more robust characterization of subpolar MOC seasonality identified by
Fu et al. (2023) with reduced uncertainty (Figure S1 and Table S2 in Supporting Information S1). After removing
seasonality from the MOC time series, we first investigate the relationship between MOC and boundary current
interannual variability to explore whether a single boundary current can capture a larger portion of MOC vari-
ability than that reported by Li et al. (2021). We then focus on understanding MOC interannual variability due to
surface buoyancy forcing, which transforms light upper-limb waters to dense lower-limb waters. The first part of
our analysis is designed to understand the spatial components of the observed interannual variability, and the
second part is designed to understand the mechanistic components of that variability.

2.2.1. Connection Between MOC and Boundary Current Variability

An interest in designing a cost-effective observing system, has led to the question as to whether a measure of
eastern and western boundary transport is sufficient to capture the total MOC variability. For this exploration, we
calculate the MOC using Supporting Information S1; Equation 1, in which time-varying density and velocity
fields are used for part of the section and time mean values for the remainder of the section. For the calculation
from east to west, the fields to the east of each grid point are time-varying and the fields to the west are constant. A
parallel calculation is done from west to east, where the fields to the west (east) of each grid point are time-varying
(constant). This calculation reveals the cumulative contribution of different parts of the basin to the total MOC
variance, and it allows the contributions of key boundary currents to be isolated. For each calculation of the
explained MOC variance, we use (a) the unfiltered monthly time series and (b) the deseasonalized and 1-year
lowpass filtered time series (12-month Butterworth filter) to examine the explained MOC variance on interan-
nual timescales (see Supporting Information S1 for additional details). With this analysis, we acknowledge that
the eastern boundary current across OSNAP East is not easily defined and so we adopt a stepwise approach: we
first consider the flow through the RT as the eastern boundary and then move westward from there, increasingly
capturing the myriad currents that comprise the NAC.

Accumulating from east to west (Figure 2a), the explained MOC variance across the eastern subpolar basin
rapidly increases as the northward NAC branches in the RT and Iceland Basin are included. It reaches between
73% and 84% at the Reykjanes Ridge (hereafter RR; at ~31°W) for both the unfiltered and filtered time series.
Likewise, accumulating from west to east (Figure 2b), the explained MOC variance sharply increases to 73%
(82%) using the unfiltered (filtered) time series between East Greenland and 31°W. When only a single boundary
current is considered, the explained MOC variance across OSNAP East is much reduced: using the unfiltered time
series, RT explains 19% of the MOC variance and the EGC explains 22% (Figure S2 and Table S3 in Supporting
Information S1), nearly doubling the values estimated by Li et al. (2021) for the shorter time series. On inter-
annual timescales (Figure 2c), the explained variance increases to 36% and 39% for the RT and EGC, respectively.
We purposely select these narrowly confined regions at the boundaries to examine their capability to capture
MOC interannual variability. Including all NAC branches (i.e., from 26°W to the Scottish Shelf), the explained
MOC variance rises to 49% and 69% for the original and filtered time series, respectively. Given the strong (east to
west) upward slope of Gyoc, the MOC upper limb is contained largely in the area between the Scottish shelf and
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Figure 2. Overturning variability represented by boundary currents and the basin interior. Overturning in the Subpolar North
Atlantic Program (OSNAP) East Meridional Overturning Circulation (MOC) variance explained by accumulated transport
variability (a) from east to west and (b) from west to east by using the unfiltered (blue) and filtered (red; see Supporting
Information S1 Methods) time series. Geographic locations are marked along the top of (a). HR represents the Hatton-
Rockall Basin. Note that East Greenland Current (EGC) is part of the Irminger Sea. Bathymetry is shown as black-dashed
line in (b). (c) MOC anomalies derived from OSNAP East (black), time-varying EGC (green), and time-varying Rockall
Trough (orange). (d) MOC anomalies derived from OSNAP West (black), time-varying Labrador Current (green), and time-
varying West Greenland Current (orange). The thin (thick) lines in (c) and (d) represent the deseasonalized (1-year
Butterworth lowpass filtered) time series. All time series are detrended. The uncertainty of the MOC anomaly time series
(shading) is calculated as the standard deviation of realizations of the filtered MOC anomaly time series derived from Monte
Carlo methods (Lozier et al., 2019).

RR, while the lower limb lies between East Greenland and RR. Our results indicate that overall MOC interannual
variability can be equally characterized by capturing the warm, saline upper-limb waters east of RR, or the cooled,
freshened lower-limb waters west of RR.

We next turn to the western subpolar basin, where the two boundary currents (WGC and LC including their deeper
extensions) dominate MOC variability. When LC and WGC are combined, that is, using time-varying velocity
and density in both currents and climatology in between, the explained MOC variance reaches 81% and 87% using
the unfiltered and filtered time series, respectively. However, using the unfiltered time series, the WGC alone
explains only 14% of OSNAP West MOC variance and the LC alone accounts for 7%, both similar to the previous
estimate (~10%) by Li et al. (2021) using a shorter time series. On interannual timescales, the WGC and LC
account for 42% and 25% of the OSNAP West MOC variance, respectively (Figure 2d and Table S3 in Supporting
Information S1). Overall, the analysis suggests that individual boundary currents account for a greater portion of
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OSNAP West MOC variance when shorter-term variability (seasonal and shorter) is removed. However,
regardless of timescale, variability in both WGC and LC is needed to explain the bulk of MOC variance and the
interior flow contributes only a small fraction in this basin (Figure S3 in Supporting Information S1).

2.2.2. Lower Limb Volume Budget

We next examine MOC interannual variability through the framework of a volume budget for the lower limb by
considering volume change (dv"’ ), SEFEWMT, export (—E), and residual (R) for the period of August 2014 to July
2022:

dVol

(t) = SFWMT(?) — E(t) + R(?) (1

where R(¢) is understood to include unresolved processes contributing to lower limb volume change, such as
water mass transformation due to mixing and wind-driven transformation (e.g., due to Ekman buoyancy fluxes;
Le Bras et al., 2022) as well as any measurement errors. We analyze the budgets for the western and eastern
basins, separately, using the time-mean 6y;oc of each basin as the isopycnal separating the upper and lower limbs.
d:;”[ is calculated by determining the change of layer thickness between 6y;oc and the seafloor from three density
fields: Met Office EN4.2.2 (Good et al., 2013), monthly Argo climatology (Roemmich & Gilson, 2009), and
ARMORS3D (Guinehut et al., 2012; Mulet et al., 2012). SFWMT is calculated following Petit et al. (2020) by
using each of the density products listed above with each of the surface heat and freshwater fluxes from ERAS
atmospheric reanalysis (Poli et al., 2016) and NCEP Climate Forecast System Version 2 (Saha et al., 2014). The
mean of the 6 combinations is used for the volume budget. E for the eastern basin is the difference between the
incoming overflow waters across the Greenland-Scotland Ridge (GSR) and the outgoing deep waters below
onoc across OSNAP East, which is estimated using OSNAP and GSR (Bringedal et al., 2018) transport mea-
surements. E for the western basin is the transport below Gyocy across OSNAP West (See Supporting Infor-
mation S1 for detail). We note that deep waters are formed in both the interior and boundary regions, but they are
primarily exported by boundary currents. In the volume budget, E is an integrated measure of the total transport of
water out of the basins without distinguishing between the boundary and interior. We first examine how well the
lower limb volume budget can be closed in the mean, followed by an analysis of the time-varying relationships
among the budget terms.

dVol ;
> dr
R, primarily determined by —(SFWMT — E), serves as a measure of the unresolved processes, such as mixing,

The mean volume change is close to O for both eastern and western subpolar basins (<0.2 Sv). The residual,

required to close the mean volume budget. In the eastern subpolar basin, SFWMT and —E are 4.1 + 0.4 Sv and
—6.4 £ 0.5 Sv, respectively, resulting in a residual of 2.3 % 0.4 Sv. In the western subpolar basin, SFWMT and —E
are 1.7 = 0.3 Svand —3.3 = 0.2 Sv, respectively, resulting in a residual of 1.6 £ 0.4 Sv. The mean residual in the
western subpolar basin is relatively large with respect to the mean OSNAP West MOC (2.7 £ 0.3 Sv), whereas in
the eastern subpolar basin the residual accounts for a smaller portion of the mean OSNAP East MOC
(16.4 £ 0.5 Sv).

Together, these findings indicate that the mean lower limb volume budget can be closed within about 2 Sv for the
subpolar basins using independent data sets. They also suggest that unresolved processes such as mixing-induced
transformation plays a more active role proportionally in the western subpolar basin compared to the eastern
subpolar basin. Previous studies have reported that ~6 Sv of overflow waters are formed through entrainment
after crossing the GSR (Hansen et al., 2016; Jochumsen et al., 2015; Johns et al., 2021), larger than the mixing-
induced transformation inferred here for the eastern subpolar basin. This difference indicates that most of the
entrainment adds to waters already within the lower limb.

Next, we investigate the zero-lag relationships among the volume budget terms based on the deseasonalized and
1-year lowpass filtered time series (Figure 3). dV”l (1) is well correlated with the sum of SFWMT and export (i.e.,

SFWMT(¢) — E(¢)) in both the eastern and western subpolar basins (r = 0.71 and r = 0.80, respectively). This
correlation is primarily driven by the strong relationship between dV"l (1) and SFWMT(¢) at zero lag, with

r = 0.89 in the eastern subpolar basin and r = 0.69 in the western subpolar basin (Figures S4a and S4b in
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Figure 3. Time series of volume change (green), Surface-forced water mass transformation (SFWMT) (red), export (-E,
blue), residual (R, thick black dashed) and the sum of SFWMT and export (magenta dashed) for (a) the eastern subpolar
basin, and (b) the western subpolar basin. Thin black dashed line indicates the time mean residual. Shading represents
uncertainty calculated as explained in SI Methods. Time series in (a) and (b) are deseasonalized and 1-year lowpass filtered.
(c) Hurrell-monthly North Atlantic Oscillation index (bar) with 1-year lowpass filtered time series overlaid (black line).

dVol
> dt

and S4d in Supporting Information S1).

Supporting Information S1). In contrast (v) is not significantly correlated with export at zero lag (Figures S4c

We now investigate the lead-lag relationships among SFWMT, volume change, and export. In the eastern sub-
polar basin (Figure 3a and Figure S4 in Supporting Information S1), the maximum negative correlation between
SFWMT and export (r = —0.62) and between volume change and export (r = —0.58) occurs when SFWMT and
volume change lead export by about 6 months, consistent with the findings of Petit et al. (2020) using the shorter
time series. For example, stronger SFWMT and volume change in 2015 are followed by enhanced export/MOC in
afew months. Together with the relationships found at zero lag, the lead-lag relationships suggest that dense water
formation through surface buoyancy fluxes immediately increases the lower limb volume, subsequently leading
to enhanced export/MOC within a year.

In the western subpolar basin (Figure 3b and Figure S4 in Supporting Information S1), the maximum correlation
between SFWMT and export (r = 0.52) occurs when SFWMT leads by 4 months, and volume change does not
exhibit a significant correlation with export at any lag less than 1 year. The difference between OSNAP East and
West may be due to 1) the larger proportional contribution of diapycnal mixing to the total water mass trans-
formation at OSNAP West (Zou et al., 2024), which complicates the relationship between volume change and
export; and/or 2) a lower signal-to-noise ratio for OSNAP West given its relatively small export compared to
OSNAP Edast.

3. Discussion and Conclusions

Using the 8-year OSNAP time series, we investigate MOC interannual variability and the extent to which it can be
captured by boundary current variability. We find that variability in any single boundary current can account for a
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modest portion (~30%) of MOC variance. Instead, a comparison of east-to-west and west-to-east cumulative
explained variance along OSNAP East demonstrates that the entire upper or lower limb is needed to capture a
significant portion of the total MOC variance, in agreement with previous studies highlighting the importance of
the Irminger Sea for MOC variance (Chafik et al., 2022; Sanchez-Franks et al., 2024). In contrast, MOC inter-
annual variability at OSNAP West is predominantly reproduced by the combined LC and WGC variability. By
highlighting regions that contribute significantly to MOC interannual variability, these results could be used to
design a more cost-efficient OSNAP configuration.

Through a volume budget analysis, we found the expected relationships in the eastern subpolar basin, that is,
strengthened SFWMT increases lower limb volume, leading to an enhanced MOC in the same year. Variability in
SFWMT explains ~38% of MOC variance (r = 0.62) with SFWMT leading by 6 months. The short time lag
between SFWMT and export may reflect the fact that SFWMT variability at densities close to Gyoc is primarily
observed along the subpolar gyre pathway (i.e., boundaries and RR) (Petit et al., 2021), leading to a rapid export of
the newly formed dense water from the subpolar basins (Fu et al., 2023; Koelling et al., 2022; Le Bras
et al., 2020). However, the existence of different pathways and timescales for the waters in the basin (Tooth
etal., 2023) implies that the composition of the exported water is likely a mixture of newly formed and preexisting
waters, such that the lag cannot be associated with a single pathway. In the western subpolar basin, although
SFMWT is significantly correlated with the MOC (r = 0.52), we do not detect a linkage between volume change
and MOC on interannual timescales.

We also found a difference between OSNAP East and West in their relationship with North Atlantic Oscillation
(NAO) (Figure 3c): OSNAP East MOC has a maximum correlation with NAO (r = 0.56) on interannual time-
scales with NAO leading by 4 months, while OSNAP West MOC is not significantly correlated with the NAO.
Notably, the winter in 2015 is characterized by a strongly positive NAO, which is typically associated with
enhanced sea surface heat loss, higher precipitation, and higher production of dense water in the SPNA (de Jong &
de Steur, 2016; Yashayaev, 2024). Though the NAO-MOC correlation found at OSNAP East is modest, the
correlation may be stronger on longer timescales or for other periods, as indicated by modeling studies focusing
on lower latitudes (Danabasoglu et al., 2012; Oldenburg et al., 2021; Sun et al., 2021).

The unprecedented freshening in the eastern SPNA since 2012 (Holliday et al., 2020) was followed by a
freshening of the Labrador Sea since 2022 (Yashayaev, 2024). The impact of this freshening on deep convection
and circulation have been documented in both the Irminger Sea (Bil6 et al., 2022; Fried et al., 2024) and the
Labrador Sea (Yashayaev, 2024). Furthermore, Koman et al. (2024) reported a freshening-induced thinning of the
DWBC layer off East Greenland that resulted in a 26% weakening of the DWBC transport from 2014 to 2020.
Despite these substantial changes, no weakening trend in the MOC across the full OSNAP array is evident from
the 8-year record.

As a possible explanation, we note that the overturning at OSNAP East and OSNAP West are anti-correlated on
interannual timescales (Figures 2¢ and 2d), with a maximum correlation of —0.64 when OSNAP East overturning
leads by a few months. We suggest that overturning variability in the eastern and western subpolar basins may
partially offset each other. Furthermore, the persistently positive NAO since 2012 has produced high-density
anomalies in the SPNA through excessive cooling, which may offset the low-density anomalies associated
with the freshening. Together, these processes may contribute to the relative stability of the MOC across the entire
SPNA. The mechanisms underlying the west-east anti-correlation remain unclear and motivate further investi-
gation with a longer time series.

Moving forward, a major concern is the potential shift in the Beaufort gyre (Lin et al., 2023), which has accu-
mulated an enormous reservoir of freshwater over the past decades. A key question facing the MOC community is
the impact on subpolar MOC and MFT if/when this freshwater is released into the SPNA. Future analyses of the
OSNAP time series will focus on the relationship between subpolar freshening and the MOC in the hope that we
can shed some light on this impact. Finally, we will continue to explore the impact of MOC variability on the
MHT given the strong link between the two.
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