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Abstract The Atlantic Meridional Overturning Circulation (AMOC) carries oceanic heat northward to the
subpolar North Atlantic (SPNA), where the surface water cools and sinks to the deep ocean. According to a
large‐ensemble simulation under a medium‐to‐high emission scenario, the surface cooling and oceanic heat
convergence in the SPNA may decrease to ∼20% of their historical levels by 2100. We show here that the
projected weakening of the AMOC volume transport alone cannot explain such a large decrease in the heat
convergence rate. Our analysis indicates that, due to the suppression of deep‐water formation in the SPNA, the
AMOC's lower limb becomes shallower, carrying relatively warm water southward away from the SPNA. This
in turn accelerates the decrease in oceanic heat transport to the SPNA per unit AMOC weakening. These results
are supported in other multi‐ensemble models analyzed, despite large inter‐model spreads.

Plain Language Summary The Atlantic Meridional Overturning Circulation (AMOC), often called
the “ocean conveyor belt,” plays a vital role in Earth's climate by carrying warm surface water from the tropics
to the high‐latitude North Atlantic. Here, the water cools, becomes denser, and sinks to the deep ocean, then
returns south, effectively transporting oceanic heat northward. This system is crucial for regulating global
weather patterns and climate. Our research, using advanced climate models, shows that in the future, increasing
greenhouse gases will significantly reduce this northward oceanic heat transport. This happens not only because
the AMOC conveyor belt itself weakens, but also because the deep southward flow becomes shallower (a
process we call “shoaling”). As this deeper part of the conveyor belt shoals, it carries relatively warmer water
southward. This change in the AMOC's vertical structure is crucial since it amplifies the overall reduction in
heat transport to the high‐latitude North Atlantic beyond what a simple weakening of the conveyor belt's
strength would cause. Our findings highlight an accelerated reduction in oceanic heat transport to the high‐
latitude North Atlantic, with potential far‐reaching consequences for global weather and climate.

1. Introduction
The Atlantic Meridional Overturning Circulation (AMOC) transports the upper Atlantic water masses (<1,000 m)
northward (via the upper limb) and the deeper Atlantic water masses (>1,000 m) southward (via the lower limb),
at a rate of ∼16.7 Sv (1 Sv ≡ 106 m3 s− 1) across 26.5°N (e.g., Lee et al., 2024; Moat et al., 2020, 2023; Smeed
et al., 2018). Since the upper water masses are much warmer than the deeper water masses, the AMOC transports
∼1.3 PW (1 PW = 1015 W) of ocean heat across 26.5°N. This heat is released to the atmosphere through vigorous
air‐sea interactions primarily in the subpolar North Atlantic Ocean (SPNA) (e.g., Ganachaud & Wunsch, 2000;
Johns et al., 2011, 2023; Trenberth & Fasullo, 2017; Trenberth et al., 2019). Due to the extensive surface heat loss
and the influx of saltier surface water from the subtropical North Atlantic (STNA), the upper water masses in the
SPNA become heavier, and thus sink in and around the Labrador, Irminger and Nordic Seas, fueling the AMOC.
This interplay between the AMOC heat transport and the surface cooling in the SPNA is a crucial component of
the global ocean‐atmosphere heat engine that regulates weather, climate, and ocean circulations.

As our planet warms, over 90% of the excess heat is absorbed by the ocean (e.g., Trenberth & Fasullo, 2010).
Under a medium‐to‐high greenhouse gas emission scenario, the Community Earth System Model Version 2—
Large Ensemble Simulation (CESM2‐LENS; Rodgers et al., 2021) projects that the SPNA exhibits substantial
excess heat uptake, reducing its rate of surface cooling by about 80% toward the end of the 21st century. This,
combined with a similar rate of reduction in oceanic heat convergence in the SPNA, suggests a significant
alteration in the global ocean‐atmosphere heat engine (Figures 1a–1c). While concerning, a simple linear
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regression based on the relationship between AMOC volume transport and oceanic heat transport (OHT) across
40°N during the historical period (1850–2014) suggests that the projected AMOC weakening alone cannot ac-
count for the extreme reduction in oceanic heat convergence in the SPNA (Figure 1d, solid and dashed red lines).
This inconsistency, often overlooked in previous studies (e.g., Hankel, 2025; He et al., 2019; Li et al., 2022;
Sévellec et al., 2017), suggests that as the AMOC slows down, it becomes less effective in transporting oceanic
heat to the SPNA. Consequently, the future reduction in OHT to the SPNA may be accelerated beyond what is
expected from the projected weakening of the AMOC volume transport alone, implying a greater disruption to the
global climate and weather system.

The main goal of this study is to explore this apparent acceleration in the future decline of OHT to the SPNA in
CESM2‐LENS and to identify the physical processes contributing to it. In the following sections, after briefly
introducing CESM2‐LENS and other modeling tools used, we investigate the nonlinearity between AMOC
volume and heat transports, and discuss the future shoaling of the AMOC's lower limb as the primary driver.
Finally, we analyze four additional multi‐ensemble climate models to verify the proposed mechanism, and then
present a schematic summary of our major findings.

2. Models
We used CESM2‐LENS (Rodgers et al., 2021) as our primary modeling tool to explore the future weakening of
OHT to the SPNA and the associated nonlinearity in the relationship between the AMOC volume and heat
transports. The AMOC, OHT, meridional velocity, ocean temperature, surface heat flux components, and mixed
layer depth were derived for the historical period (1850–2014) and for the future period (2015–2100) under a
medium‐to‐high end radiative forcing scenario of the Coupled Model Intercomparison Project Phase 6 (CMIP6)
(i.e., Shared Socioeconomic Pathways 370; SSP‐370). We used a total of 80 ensemble members from CESM2‐
LENS, initialized in 1850 from a preindustrial control simulation with four distinct states of the AMOC
(strengthened, decreasing, weakened, and increasing). More detailed configurations of CESM2‐LENS can be

Figure 1. Changes in panel (a) the net surface heat flux (ΔSHF), which is positive downward, and (b) mixed layer depth (ΔMLD) from the historical period to the late
21st century, derived from CESM2‐LENS. (c) Time series of heat budget terms (i.e., heat convergence, heat storage, and surface heat flux) for the SPNA (40°N–65°N),
derived from CESM2‐LENS. (d) Time series of OHT (solid lines) and that based on the relationship between the AMOC volume transport and OHT during the historical
period (dashed lines) across 40°N and 65°N, derived from CESM2‐LENS. (e) Scatterplot of the AMOC versus OHT across 40°N. The green, gray, and red dots indicate
individual points (annually averaged) for HIST (1850–2014), 2015–2070, and 2071–2100, respectively derived from all 80 ensemble members of CESM2‐LENS. The
shaded error bands in panel (c, d) indicate that about 95% of the 80 ensembles reside within the error bands. The green line in panel (e) displays the linear regression for
HIST, while the red line displays the linear regression for 2071–2100. The horizontal dashed lines in panel (e) indicate the OHT values for HIST and L21C (2091–2100),
and the regressed OHT value based on HIST extrapolated to L21C. The vertical dished lines in panel (e) indicate the AMOC values for HIST and L21C. The units for
ΔSHF, ΔMLD, and the heat budget terms for the SPNA are in W m− 2, m, and PW, respectively. The units for the AMOC volume transport and OHT are Sv, and PW,
respectively.
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found in Rodgers et al. (2021). The bias, variability, and externally forced response of the AMOC in CESM2‐
LENS were discussed in Lee et al. (2024).

In addition to CESM2‐LENS, we also analyzed four sets of multi‐ensemble CMIP6 model simulations under the
historical and SSP‐370 scenarios. They are UKESM1‐0‐LL (Sellar et al., 2019), CanESM5‐1 (Sigmond
et al., 2023), GISS‐E2‐1‐G (Kelley et al., 2020), and MPI‐ESM1‐2‐HR (Gutjahr et al., 2019). For each of these
CMIP6 models, we analyzed 10 ensemble members.

3. Nonlinear Relationship Between the AMOC Volume and Heat Transports
To better understand the relationship between the AMOC volume transport and OHT to the SPNA, we regressed
OHT at 40°N on the AMOC volume transport at the same latitude for two different periods, the historical period
(1850–2014, HIST) and 2071–2100. As shown in Figure 1e, a − 1.0 Sv reduction in the AMOC volume transport
at 40°N leads to a − 0.026 PW of OHT reduction during HIST (at the 95% confidence level of ±3.0 × 10− 4 PW).
During 2071–2100, the rate of OHT reduction increases to − 0.039 PW per − 1.0 Sv (at the 95% confidence level
of±5.0 × 10− 4 PW). Therefore, the OHT across 40°N decreases much faster in the future than would be expected
based on the linear relationship during HIST. These results support our hypothesis that the AMOC becomes less
effective in transporting oceanic heat to the SPNA as it slows down.

4. What Makes the Future AMOC Less Effective in Transporting Oceanic Heat?
An important question is what causes the future AMOC to become less effective in transporting oceanic heat to
the SPNA. We address this by examining the AMOC's spatial pattern in a meridional‐vertical plane for HIST
(Figure 2a) and for the late 21st century (2091–2100, L21C; Figure 2b). It is clear that the projected changes
involve not only volume transport but also the meridional‐vertical structure. During HIST, the AMOC's lower

Figure 2. (a, b) The AMOC streamfunction averaged for (a) HIST and for (b) L21C. (c) The AMOC streamfunction with its amplitude (referenced at 40°N) weakened to
the L21C level, but with no changes in the meridional‐vertical profile. Panel (c) is computed by scaling the values in panel (a) by the fractional change in the maximum
AMOC transport at 40°N from HIST to L21C. (d) The projected changes in the AMOC streamfunction from HIST to L21C, computed by subtracting (a) from (b).
(e) The amplitude‐only changes in the AMOC streamfunction, computed by subtracting (a) from (c). (f) The profile‐only changes in the AMOC streamfunction,
obtained by subtracting (c) from (b). (g–i) The vertical profiles of the AMOC heat transport (OHTMOC) per unit depth at 40°N in HIST and L21C with (g) corresponding
to (a, b), (h) corresponding to (a, c), and (i) corresponding to (b, c). The lines in panels (a–f) indicate the corresponding vertical profiles of the AMOC (or the AMOC
changes) across 40°N. The AMOC streamfunction values in the upper 200 m in panel (c, e, f) are masked out because the wind‐driven subtropical shallow overturning
cell dominates in that depth range. The units are Sv for the AMOC volume transport, PW for the OHT, and 10− 12 W m− 1 for the OHTMOC per unit depth.
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limb (i.e., the southward flow) extends from ∼1,000 to ∼4,000 m. During L21C, its lower limit is shifted upward
to ∼2,000 m. Concurrently, the abyssal AMOC cell, which transports cold, dense water from the Antarctic
northward, is enhanced (from 0.3 Sv in HIST to 1.8 Sv in L21C at 40°N) and its upper limit shifts from ∼4,000 to
∼2,000 m.

The difference in the AMOC streamfunction between HIST and L21C (Figure 2d) is dominated by the large
reduction in AMOC volume transport, making the shoaling of the AMOC's lower limb and the strengthening of
the abyssal cell less apparent. To better illustrate the projected changes in the meridional‐vertical AMOC pattern,
we construct a hypothetical AMOC pattern (Figure 2c) with its volume transport at 40°N reduced by the total
weakening (i.e., from 23.8 Sv in HIST to 8.3 Sv in L21C), while its meridional‐vertical structure remains un-
changed from that of HIST. This is achieved bymultiplying the AMOC of HIST by 0.35. Subtracting this from the
AMOC of HIST yields the amplitude‐only changes (Figure 2e). Similarly, subtracting it from the AMOC of L21C
yields the profile‐only changes (Figure 2f). Figure 2f clearly shows the relative strengthening of the upper part of
the AMOC's lower limb (1,000–2,000 m), and the relative weakening of the lower part of the AMOC's lower limb
(>2,000 m).

These results imply that while the North Atlantic Deep Water (NADW) formation rate weakens overall in L21C
(see Figure 1b), the formation rate of the lower NADW (>2,000 m) reduces faster than that of the upper NADW
(1,000–2,000 m). This results in not only a weakening but also a shoaling of the AMOC in its lower limb. This
suggests that deep convection in the SPNA produces relatively shallow and warm deep‐water masses in the future
(i.e., relatively more upper NADW than lower NADW). Consequently, the lower limb of the AMOC becomes
shallower and carries warmer water southward. This shoaling impact on OHT becomes clearer when comparing
the vertical profiles of the AMOC heat transport (OHTMOC) per unit depth at 40°N between HIST and L21C
(Figure 2g). A vertical integration of these profiles can be written as

OHTMOC( y, t) = ρswcpsw∫
η

zb
∫

xw

xe
v̂T dxdz (1)

where v̂ is zonally averaged meridional velocity, T is ocean temperature, ρsw is the density of sea water
(1,026 kg m− 3), cpsw is the specific heat of sea water (3,996 J kg− 1 K− 1), xw and xe indicate the eastern and western
boundaries of the Atlantic Ocean, respectively, and η and zb indicate the sea surface height and sea floor depth,
respectively. Here, OHTMOC per unit depth refers to OHTMOC prior to the vertical integration.

Figure 2g shows that the northward AMOC heat transport between 800 and 1,000 m in HIST is reversed
southward in L21C, and the southward AMOC heat transport between 1,000 and 1,400 m increases from HIST to
L21C. Figure 2h compares OHTMOC per unit depth corresponding to the amplitude‐only changes in the AMOC
with that of HIST. Similarly, Figure 2i compares OHTMOC per unit depth corresponding to the amplitude‐only
changes in the AMOC with that of L21C. These figures show that the increase in southward AMOC heat
transport between 800 and 1,400 m is due to an upward shift of the AMOC's lower limb (i.e., shoaling), not due to
the AMOC volume transport decrease. In summary, as the AMOC slows down, its lower limb becomes shallower
and transports warmer water southward, thereby enhancing the decrease in OHTMOC per unit decrease in the
AMOC volume transport across 40°N.

5. AMOC Heat Transport Decomposition: Weakening Versus Shoaling Effects
Note that the decomposition of the changes in the AMOC and associated OHTMOC per unit depth shown in
Figure 2 are for illustration only. The formal definition and quantification of OHTMOC components associated
with the AMOC amplitude and profile changes are discussed next. First, we estimate the volume transport‐
weighted temperature difference between the northward and southward flows of the AMOC (TDIF), which can
be written as

TDIF( y, t) =
∫ η
zb

∫ xw
xe
v̂T dx dz

0.5∫ η
zb

∫ xw
xe
|v̂| dx dz

(2)
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where the denominator represents the northward volume transport, primarily via the upper limb of the AMOC.
TDIF for HIST (TDIF) at 40°N is estimated to be 8.7°C. It decreases to 7.0°C in L21C; thus, the change in TDIF from
HIST to L21C (TDIFʹ ) becomes − 1.7°C. This reduction in TDIF enhances the decrease in the AMOC heat transport
per unit decrease in the AMOC volume transport across 40°N, supporting our main hypothesis.

The AMOC heat transport (OHTMOC) can be decomposed into four different terms. Here, only the Eulerian mean
component is considered:

OHTMOC = ρswcpsw

⎡

⎢
⎢
⎢
⎢
⎢
⎣

VTDIF⏟⏞⏞⏟

OHTMOC

+ VʹTDIF⏟⏞⏞⏟
OHTʹ

MOC[amp]

+ VTDIFʹ
⏟⏞⏞⏟
OHTʹ

MOC[pro]

+ VʹTDIFʹ
⏟⏞⏞⏟
OHTʹ

MOC[cov]

⎤

⎥
⎥
⎥
⎥
⎥
⎦

(3)

where V refers to the northward volume transport, overbarred variables indicate the averages of HIST, and primed
variables indicate the differences between HIST and L21C (i.e., L21C – HIST). The first term in the right side is
the Eulerian mean OHTMOC averaged in HIST (OHTMOC). The second term represents the AMOC amplitude
change effect (OHTMOC[amp]ʹ ). The third term represents the effect of vertical profile changes in both temperature
and the AMOC (OHTMOC[pro]ʹ ). Since the changes in vertical temperature profile during the 21st century plays a
relatively minor role (Text S1, Tables S1 and S2 in Supporting Information S1; Mecking & Drijfhout, 2023), this
term largely represents the AMOC profile change (or shoaling) effect. The last term represents the covariance of
the AMOC amplitude and profile changes (OHTMOC[cov]ʹ ). The northward volume transport of HIST at 40°N (V) is
21.2 Sv. Note that this value is slightly lower than the total AMOC (23.8 Sv) mainly because only the Eulerian
mean component is used to compute V, while the bolus (i.e., the covariance of velocity and isopycnal thickness)
and sub‐meso scale components are not accounted for. The volume transport decreases to 9.0 Sv in L21C, which
is slightly higher than the total AMOC (8.3 Sv).

Applying these values along with Vʹ (− 12.2 Sv), TDIF (8.7°C), and TDIFʹ (− 1.7°C), OHTMOC is estimated to be
0.76 PW. It is reduced to 0.26 PW in L21C; thus, the difference in OHTMOC between HIST and L21C (OHTMOCʹ )
becomes − 0.50 PW. The AMOC amplitude change component, OHTMOC[amp]ʹ , is − 0.43 PW, while the AMOC
profile change component, OHTMOC[pro]ʹ , is − 0.15 PW. The covariance component, OHTMOC[cov]ʹ , is 0.08 PW.
Therefore, the AMOC amplitude change (OHTMOC[amp]ʹ ) accounts for about 86% of the total OHTMOC reduction,
while the AMOC profile change (OHTMOC[pro]ʹ ) accounts for 30%. About 16% is recovered (i.e., an increase) by
the covariance (OHTMOC[cov]ʹ ). Therefore, the AMOC amplitude change is the dominant factor, but the AMOC
profile change (shoaling) still accounts for a significant portion (30%) of the total OHTMOC reduction.

Note that the total OHT is the sum of the AMOC heat transport component (OHTMOC) and the ocean‐gyre heat
transport component (OHTGYR), which can be written as

OHTGYR( y, t) = ρswcpsw∫
η

zb
∫

xw

xe
(v − v̂)T dxdz (4)

However, the ocean gyre in the North Atlantic is weak at the boundary between the STNA and SPNA, and its
contribution is typically much less than the AMOC's (e.g., Johns et al., 2011, 2023; McCarthy et al., 2015; Xu
et al., 2016). Consistently, Figures S2 and S3 in Supporting Information S1 confirm the limited contribution of
ocean‐gyre to the upper 400 m, making it much smaller than the AMOC component. OHTGYR has an overall
negative relationship with OHTMOC, indicating that the ocean‐gyre component partly compensates for the future
weakening of the AMOC heat transport (Mecking & Drijfhout, 2023).

6. What Causes an Extensive Reduction of Surface Cooling in the SPNA?
Next, we explore the excess surface heat uptake in the SPNA during L21C, and how it is linked to the accelerated
future weakening of the AMOC heat transport. As Figures 3a–3f show, this anomalous surface heat uptake (i.
e., reduced surface cooling) is largely caused by an extensive reduction in turbulent heat flux components (i.e., a
reduction in latent and sensible heat loss to the atmosphere). This large reduction in turbulent heat flux to the
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atmosphere is supported by decreasing sea surface temperatures (SST) in the SPNA, a feature known as the
warming hole (Figure 3g, e.g., Caesar et al., 2018; Chemke et al., 2020; Drijfhout et al., 2012; Park & Yeh, 2024;
Rahmstorf et al., 2015; Robson et al., 2016).

Specifically, the warming hole, under rapidly rising air temperature and humidity, stabilizes the near‐surface
atmosphere (Figure S4 in Supporting Information S1), thereby reducing latent and sensible heat loss and
driving the excess surface heat uptake in the SPNA. The weakening and shoaling of the AMOC greatly reduce
oceanic heat convergence in the SPNA. This nearly offsets anomalous surface heat uptake (Figure 1c), preventing
the SPNA fromwarming. This suggests that the future weakening and shoaling of the AMOC are key contributors
to the warming hole, which in turn enables the excess surface heat uptake. Thus, the future weakening and
shoaling of the AMOC, the warming hole, and the anomalous surface heat uptake are tightly coupled.

It should be noted, however, that the future weakening and shoaling of the AMOC are not directly driven by a
decrease in OHT, but by surface freshening (due to land‐ and sea‐ice melt), anomalous surface heat flux into the
ocean, and the salt‐advection feedback (e.g., Marotzke, 2000; Stommel, 1961; van Westen et al., 2024).

7. Discussion
One of the key remaining questions is whether the AMOC's lower limb shoaling and its impact on OHT are
supported in other CMIP6 models. Figures S5–S8 in Supporting Information S1, which are analogous to
Figures 1e and 2a–2f, show results for UKESM1‐0‐LL, CanESM5‐1, GISS‐E2‐1‐G, and MPI‐ESM1‐2‐HR,
respectively. These four CMIP6 models display a future shoaling of the AMOC's lower limb, consistent with
CESM2‐LENS (Figures 2a–2f). While the amplitude and vertical extent of the shoaling vary significantly among
models, all four CMIP6 models also show that the AMOC becomes less efficient at transporting oceanic heat in
2071–2100 compared to that in HIST. This is evidenced by an increase in the slope (i.e., an increase in OHT per
unit increase in the AMOC) in 2071–2100, despite a large inter‐model spread (Text S2 in Supporting
Information S1).

In agreement with these CMIP6 models, a weakened state of the AMOC often displays its shallower vertical
structure in previous modeling studies (e.g., Danabasoglu et al., 2010, 2014; Msadek et al., 2013). However,
CMIP6 models suffer from significant biases in the origins, properties and pathways of upper and lower NADW
(e.g., Hirschi et al., 2020; Lee et al., 2019). For example, the present‐day AMOC in CMIP6 models is often
characterized by a lack of lower NADW (e.g., Bryden et al., 2024); thus, the rate of OHT reduction per unit

Figure 3. Changes in panel (a) net surface heat flux (ΔSHF), (b) downward longwave radiation (ΔLWR(DN)), (c) upward longwave radiation (ΔLWR(UP)), (d) latent
and sensible heat flux (ΔLAT+ΔSEN), and (e) shortwave radiation (ΔSWR) fromHIST to L21C, derived from CESM2‐LENS. (f) Time series of the SPNA‐integrated
surface heat components, derived from CESM2‐LENS. (g) Changes in SST from HIST to L21C, derived from CESM2‐LENS. The shaded error band in panel
(f) indicates the 95% limits of ΔSHF in the CESM2‐LENS ensemble spread. Black dashed lines in panel (g) indicate the SPNA region. The sign convention for heat flux
is positive downward. The units are Wm− 2 for the surface heat flux components in panels (a–e), PW for the SPNA‐integrated heat flux components in panel (f), and °C
for SST in panel (g).

Geophysical Research Letters 10.1029/2025GL119487

LEE ET AL. 6 of 9



decrease in the AMOC is often smaller than the observed rate (Caesar et al., 2020; Johns et al., 2011, 2023), and
the future weakening of the AMOC largely involves upper NADW. These biases may prevent models from
correctly capturing the future shoaling of the AMOC's lower limb, leading to an underestimation of both the
shoaling and its impact on OHT. Thus, improving model bias in simulating dense overflow waters from the
Nordic Seas, their formation mechanisms, and pathways–the primary source of the lower NADW–is crucial (e.
g., Chafik et al., 2025).

Finally, direct observation of the AMOC across 26.5°N shows that a decrease in the AMOC transport in its upper
limb is largely countered by an opposite transport of the lower NADW. This directly leads to a shoaling of the
AMOC's lower limb (e.g., Bryden, 2021; McCarthy et al., 2025; Smeed et al., 2014), which aligns with our main
results. However, because the observed AMOC variability is predominantly interannual, a long‐term trend of
AMOC weakening (and shoaling) has not yet emerged above this interannual signal (e.g., McCarthy et al., 2025).

8. Conclusion and Summary
Our analysis of CESM2‐LENS under a medium‐to‐high greenhouse gas emission scenario shows that both the
surface cooling and oceanic heat convergence in the SPNA are projected to decrease toward ∼20% of their
historical levels by 2100. We demonstrate in this study that this cannot be achieved by the projected weakening of
the AMOC volume transport alone. Thus, as the AMOC slows down in the future, it becomes less effective in
transporting oceanic heat to the SPNA. In other words, the future weakening of OHT to the SPNA could be greater
than that expected from the AMOC volume transport alone. Our novel OHT decomposition analysis indicates that
the future shoaling of the AMOC's lower limb is mainly responsible for this difference.

Figure 4 illustrates the mechanism linking the shoaling of the AMOC's lower limb to the accelerated weakening of
OHT to the SPNA. The weakening of the AMOC directly reduces OHT to the SPNA. Additionally, the future
reduction in surface cooling over the SPNA leads to weaker and shallower convection, which promotes a warmer
and shallower southward flow away from the SPNA. The shoaling of the AMOC's lower limb in turn decreases
the volume transport‐weighted temperature difference between the northward and southward flows of the AMOC
(TDIF), and thus further weakens OHT to the SPNA.

Conflict of Interest
The authors declare no conflicts of interest relevant to this study.

Figure 4. Summary schematic of the AMOC, OHT, deep convection, and surface cooling in the SPNA for (a) HIST (1850–
2014), and for (b) L21C (2091–2100). The projected weakening of the AMOC reduces OHT to the SPNA at a rate
proportional to the AMOC volume transport. Additionally, the future reduction in surface cooling over the SPNA leads to
shallower deep‐water convection and thus to a shoaling of the AMOC's lower limb, thereby promoting a warmer and
shallower southward flow away from the SPNA. This in turn decreases the transport‐weighted temperature difference
between the upper and lower limbs of the AMOC (TDIF), and thus further weakens OHT to the SPNA.
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ESM1‐2‐HR, the historical scenario data are available from Tang et al. (2019), Swart et al. (2019a), NASA
Goddard Institute for Space Studies (NASA/GISS) (2018), and Jungclaus et al. (2019), respectively. The cor-
responding SSP‐370 scenario data are available from Good et al. (2019), Swart et al. (2019b), NASA Goddard
Institute for Space Studies (NASA/GISS) (2020), and Schupfner et al. (2019).
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