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Abstract All climate models project a weakening of the Atlantic Meridional Overturning Circulation
(AMOC) strength in response to greenhouse gas forcing. However, the climate impacts of the AMOC decline
alone cannot be isolated from other drivers of climate change using existing Coupled Model Intercomparison
Project simulations. To address this issue, we conduct idealized experiments using the EC-Earth3 climate
model. We compare an abrupt 4XCO, simulation with the same experiment, except we artificially fix the
AMOC strength at preindustrial levels. With this design, we can formally attribute differences in climate change
impacts between these two experiments to the AMOC decline. In addition, we quantify the state-dependence of
AMOC impacts by comparing the aforementioned experiments with a preindustrial simulation in which we
artificially reduce the AMOC strength. Our findings demonstrate that AMOC decline impacts are state-
dependent, thus understanding AMOC impacts on future climate change requires targeted model experiments.

Plain Language Summary Climate models predict that the Atlantic Ocean's major circulation
system, known as the Atlantic Meridional Overturning Circulation (AMOC), will weaken during the 21st
century. This weakening could have significant impacts on the climate. However, it is challenging to isolate
the AMOC's effects because other factors, such as rising greenhouse gas levels, also affect the climate. To
better understand the AMOC's role, in this study we use a climate model to conduct numerical experiments.
We compare a simulation of the preindustrial climate with one in which we artificially decrease the strength
of the AMOC. Then, we compare the preindustrial climate with two forced simulations: one with a fourfold
increase in atmospheric carbon dioxide, where the AMOC weakens as expected, and another where we keep
the AMOC at its preindustrial strength despite higher CO, levels. By comparing these experiments, we
determine that the impacts of an AMOC decline depend on the background climate state. This research
demonstrates that ad-hoc model experiments are needed to understand the impacts of a weakened AMOC in a
changing climate.

1. Introduction

The Atlantic Meridional Overturning Circulation (AMOC) plays a unique role in the climate system by carrying
an excess heat of about 0.5 PW across the equator into the North Atlantic (e.g., Buckley & Marshall, 2016;
Srokosz et al., 2021; Trenberth et al., 2019). This inter-hemispheric heat transport imbalance is believed to create
an asymmetry in the distribution of temperature and precipitation. Specifically, the AMOC is thought to be
responsible for the Northern Hemisphere (NH) to be ~1°C warmer than the Southern Hemisphere (SH) (Feulner
etal., 2013) and for shifting the latitude of the Inter-tropical Convergence Zone (ITCZ) north of the equator to ~5°
N (Frierson et al., 2013; Marshall et al., 2014).

Changes in AMOC strength influence North Atlantic Sea Surface Temperature (SST) variability on multiple
timescales (Zhang et al., 2019), and AMOC changes have been invoked to explain abrupt climate change and
glacial-interglacial transitions (e.g., Lynch-Stieglitz, 2017; Malmierca-Vallet & Sime, 2023; Moftfa-Sanchez
et al., 2019). There are contrasting views on whether a significant weakening of the AMOC can already be
detected in the present-day climate compared to the last millennium (e.g., Caesar et al., 2021; Kilbourne
et al., 2022; Latif et al., 2022; Rahmstorf et al., 2015; Worthington et al., 2021). However, all future projections
from the most recent Coupled Model Intercomparison Project Phase 6 (CMIP6) show a steady decline in AMOC
strength throughout the 21st century (Weijer et al., 2020). The consistent AMOC decline in future projections can
physically be explained by increased ocean stratification and upper ocean warming, which inhibit the thermo-
haline circulation (Fox-Kemper et al., 2021).
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The effects of this AMOC weakening on the global climate compete with other direct and indirect effects of
greenhouse gas forcing. Because the uncertainty in the projected magnitude of AMOC weakening is large
(Bellomo et al., 2021; Reintges et al., 2017; Weijer et al., 2020), several strategies have been proposed to assess
the climatic impacts due to an AMOC decline. One well-established approach is that of the “water hosing”
experiments, in which the AMOC is artificially weakened through the release of a freshwater anomaly in regions
of deep-water formation (e.g., Stouffer et al., 2006; Jackson et al., 2023 and references therein). Previous studies
show that an abrupt decline in AMOC strength leads to a cooling in the NH, in particular in the North Atlantic and
the Arctic. This enhanced equator-to-pole surface temperature gradient leads to stronger westerlies in the mid-
latitudes and an eastward elongation of the jet stream in the North Atlantic (e.g., Brayshaw et al., 2009; Wool-
lings et al., 2012), with consequences on blocking and cold spells in Eurasia (Meccia et al., 2024). Well-known
impacts of an AMOC decline also include a widespread reduction in precipitation throughout the NH (e.g.,
Bellomo et al., 2023; Jackson et al., 2015) and a southward migration of the ITCZ (e.g., Kang et al., 2008; Zhang
& Delworth, 2005). However, water hosing experiments are typically initialized from a pre-industrial climate, and
it is not clear whether the impacts of the AMOC decline in those experiments can be generalized to explain the
impacts of a weakened AMOC in a much warmer climate. Indeed, in the paleoclimate context (Kageyama
et al., 2013) and idealized model simulations (Vellinga & Wood, 2008), it has been suggested that at least some
impacts of an AMOC decline could be state-dependent.

Vellinga and Wood (2008) with an earlier generation model assessed the impacts of an AMOC shutdown in a
scenario of the 21st century climate change, forcing the AMOC to stop by adding a freshwater anomaly using the
“water hosing” experimental design. With this design, they were able to assess the impacts of a potential AMOC
shutdown in the 21st century. More recently, using the CCSM4 climate model, Liu et al. (2020) assessed the
effects of an AMOC decline alone by comparing the impacts of a weakened AMOC in the Representative
Concentration Pathway 8.5 scenario with another experiment in which they artificially stabilized the AMOC at
historical levels. To date, there are no other studies that employ model experiments to address the impacts of a
weakening AMOC on future climate change using other CMIP5 or newer model generations.

Here, we perform climate model experiments in which we stabilize the AMOC strength, but with prescribed
4xCO, forcing. This corresponds approximately to CO, levels by the end of the 21st century in the highest-
emission scenario considered by the Intergovernmental Panel on Climate Change (IPCC; Chen et al., 2021).
Differently from previous studies, we use a CMIP6 model (EC-Earth3) at higher resolution, and our fixed AMOC
experiments are designed to obtain a stable AMOC strength for about 100 years. By comparing these new ex-
periments with the water hosing ones, we are able to formally investigate the mean climate state-dependence of
AMOC impacts.

2. Data and Methodology
2.1. Model Experiments With EC-Earth3

We analyze model experiments with state-of-the-art coupled climate model EC-Earth3 (Doscher et al., 2022),
which participates in CMIP6 (Eyring et al., 2016). EC-Earth3 includes the IFS cy36r4 atmospheric model, the
land-surface scheme H-TESSEL (Balsamo et al., 2009), the NEMO 3.6 ocean model (Madec, 2015) and the LIM3
sea-ice component (Rousset et al., 2015). The OASIS3-MCT version 3.0 coupler exchanges fields between the
components (Craig et al., 2017). In all of the experiments, EC-Earth3 has a horizontal resolution of ~80 km
(T255) for the atmosphere and ~100 km (1°) for the ocean, with a grid refinement to 1/3° in the tropical ocean.
The vertical levels are 91 for the atmosphere and 75 for the ocean.

Our control climate is taken from the preindustrial control (“picontrol”) experiment from the CMIP6 archive
(ensemble member rlilp1fl) and is 500 years long. All variability in this experiment is internally driven since
external radiative forcings are kept fixed at preindustrial levels (CO, is at ~284 ppm). We investigate the impacts
of greenhouse gas forcing by analyzing the abrupt-4xCO, (“4XxCO,”) experiment, also taken from the CMIP6
archive (ensemble member r8ilp1f1). The 4xCO, experiment is initialized from the picontrol experiment and is
forced with a fixed CO, concentration of four times the preindustrial level for 150 years (Eyring et al., 2016).

In addition, we carry out two types of experiments: the first one is a “water hosing” experiment, and is described
in Bellomo et al. (2023). The water hosing experiment is integrated for 140 years adding a uniform negative
virtual salinity flux equivalent to —0.3 Sv (1 Sv = 10° m*/s) poleward of 50°N in the Atlantic and Arctic Oceans.
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Then, the hosing is halted and the model is left to freely evolve for an additional 70 years. As in Bellomo
et al. (2023), here we analyze the 60 years (model years 100-159) in which the AMOC strength is less than half
the strength of the preindustrial mean. The second type of experiment is identical to the abrupt-4XCQO,, including
initial conditions, but we artificially keep the AMOC strength at values comparable to the preindustrial. In this
experiment, we also add a uniform virtual salinity flux poleward of 50°N in the Atlantic and Arctic Oceans as in
Bellomo et al. (2023), but while in the water hosing experiment we apply a negative virtual salinity flux to
decrease the strength of the AMOC, here we apply a positive virtual salinity flux to counterbalance the weakening
of the AMOC induced by the 4xXCO, forcing. We run three ensemble members, which are identical in the setup
and initial conditions but differ in the amount of the virtual salinity flux. The three ensemble members will be
referred to as “4XxCO, + 0.4 Sv”, “4XxCO, + 0.5 Sv”, and “4XCO, + 0.6 Sv.” In many cases, we will show the
ensemble mean of the three members to better isolate the forced response from internal variability. We will refer
to the ensemble mean as the “fixed AMOC” experiment in the text and figures.

Table S1 in Supporting Information S1 provides a short summary of these experiments. We note that in the virtual
salinity flux experiments, total ocean salinity is conserved by applying a correction elsewhere in the ocean, and
the ocean volume does not change. We point the reader to Bellomo et al. (2023) for additional specifications on
this experimental setup.

2.2. Data Analysis and Statistical Methods

For the picontrol experiment, we present long-term means of the entire 500-year simulation. For the 4xCO,
experiments, we select model years 50—-150 in which the AMOC is in quasi-equilibrium. The impacts of AMOC
weakening after CO, quadrupling are obtained by subtracting the mean of the positive virtual salinity flux ex-
periments from the abrupt-4XCO, run in which the AMOC weakens. To test whether significant differences
emerge from internal variability, we use a two-tailed Welch's #-test allowing for different variances and sample
sizes at the 90% significance level. Areas where differences are not statistically significant are indicated with
stippling in the figures.

We define the “state-dependence” as the deviation from the null hypothesis that the impacts of AMOC weakening
are invariant to the background climate state: for example, the effects of surface warming due to CO, quadrupling
and those of AMOC weakening are simply additive. We assess state-dependence by comparing the impacts of
AMOC weakening under 4XCO, as described above (i.e., fixed AMOC minus 4xCQO,), from the impacts of
AMOC weakening obtained from the water hosing experiment in pre-industrial climate (i.e., water hosing minus
picontrol). We note that in the water hosing experiment the average AMOC strength in the years considered is
10.2 Sv weaker than in the picontrol, but the difference in AMOC strength between the fixed AMOC and 4XCO,
experiments is 8.2 Sv. Hence, we linearly scale the extrapolated AMOC impacts from the water hosing exper-
iment by a factor of 0.8 so that they would be fully comparable with the fixed AMOC minus 4xXCO, results if the
effects of a weakened AMOC did not depend on the background climate state. We believe that the scaling does
not affect our main conclusions since results are also similar when comparing the water hosing experiment
(—10.2 Sv relative to preindustrial) with the 4XCO, + 0.6 Sv (=9.7 Sv relative to 4XCO,), although some
regional impacts may depend on the exact amount of AMOC weakening.

3. Results
3.1. AMOC

Figure 1 shows timeseries of annual mean maximum AMOC strength at 26.5°N in the model experiments. For the
picontrol experiment, we show the long-term mean as a horizontal thick black line, while the gray shading spans
plus and minus 1.5 standard deviations from the mean. This is meant to represent the mean AMOC strength in the
picontrol experiment plus an estimate of its internal variability. The red curve shows the AMOC strength in the
4xCO, experiment, while the three blue curves are the three positive virtual salinity flux experiments. As ex-
pected, the positive virtual salinity flux counterbalances the 4XCO, forcing, resulting in an AMOC strength for
the three experiments that spans the range of internal variability estimated from the picontrol run. The average
value of AMOC strength in the picontrol is 17.8 = 2.4 Sv, while itis 17.2, 18.8, and 20.2 Sv over model years 50—
150 for the 4XCO, + 0.4 Sv, 4XCO, + 0.5 Sv, and 4XCO, + 0.6 Sv experiments, respectively. In the 4xCO,
experiment, the AMOC strength weakens to an average of 10.2 Sv, which corresponds to a 43% reduction
compared to preindustrial levels.
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Figure 1. Atlantic Meridional Overturning Circulation strength at 26.5°N. The timeseries are calculated as the annual mean
maximum of the mass overturning streamfunction in the Atlantic sector below 500 m. The picontrol is represented as the
long-term mean (thick black line) and the gray band spans plus and minus 1.5 standard deviations for an estimate of internal
variability. The other curves are colored according to the legend.

The AMOC streamfunction and mixed layer depth (MLD) are shown in Figures S1-S3 in Supporting Infor-
mation S1. Compared to the picontrol, the streamfunction weakens south of 60°N in the 4xCO, but strengthens
northward (Figure S1 in Supporting Information S1). In the three positive virtual salinity flux experiments, in
addition to an overall strengthening compared to the 4XCO, run, we also see a northward extension of the AMOC
streamfunction (Figure S2 in Supporting Information S1). The streamfunction for the water hosing experiment
features an overall weakening at all latitudes from preindustrial values (Figure S1 in Supporting Information S1).
An examination of changes in MLD (Figure S3 in Supporting Information S1) shows more convection in the
Arctic due to the 4XCO, forcing (Figure S3a in Supporting Information S1). With the addition of virtual salinity
flux, there is enhanced deep water formation in the Labrador Sea compared to picontrol and 4xCO, forcing
(Figure S3b in Supporting Information S1). Thus, the AMOC streamfunction and the MLD are different than in
the preindustrial climate because the virtual salinity flux cannot undo the effects of greenhouse gases. The dif-
ferences in these two variables seem to be related to changes in sea ice concentration (cf. Figure S6 in Supporting
Information S1), and these differences are due to the 4XCO, forcing despite the counterbalancing effect of the
virtual salinity flux and strengthened AMOC.

3.2. Temperature

Figure 2 shows annual mean changes in near-surface air temperature. Boreal winter (DJF) and summer (JJA)
changes may be found in supplemental Figure S4 in Supporting Information S1. Figure 2a shows the difference
between the 4XCO, and picontrol experiments: the response shares some well-known characteristics of green-
house gas forced climate change as seen in other models, such as polar amplification and land-sea warming
contrast. Figure 2b shows the difference between fixed AMOC (i.e., average of the three positive virtual salinity
flux experiments) and the picontrol run. While some large-scale features of temperature change largely resemble
Figure 2a, Figure 2c¢ (computed as panel a minus b) shows that there are some important differences. The weaker
AMOC in the 4XCO, experiment reduces the warming in the entire NH compared to fixed AMOC, while it
increases the warming in the SH. The differences are almost everywhere statistically significant in Figure 2c,
except over the stippled areas, which are mostly located over the SH tropics and the Southern Ocean. The reduced
warming displays a horseshoe pattern similar to the AMV (e.g., Bellomo et al., 2018), and is present both in
summer and winter, but is larger in winter (Figure S4a in Supporting Information S1). In summer (Figure S4b in
Supporting Information S1), a weaker AMOC results in enhanced warming in Africa north of the equator and over
the Sahel. The enhanced warming over this region in summer is seen in the annual mean change (Figure 2c).
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Figure 2. Near-surface air temperature. Maps show the changes in near-surface air temperature between 4XCO, and picontrol (panel a), fixed Atlantic Meridional
Overturning Circulation (AMOC) and picontrol (panel b), 4xXCO, and fixed AMOC (panel c). Stippling in panel (c) shows areas where the difference is not statistically
significant. Panel (d) shows zonal mean near-surface air temperature: the black curve represents the picontrol climatology (refers to left hand side y-axis); the four solid
curves represent changes from the picontrol (see legend); the dashed magenta curve represents the differences between the 4xXCO, and fixed AMOC experiments.

While the AMOC weakening has a significant effect on globally averaged temperature change (—0.3°C,
p <0.001), we find that the effect on net radiation imbalance at the top-of-atmosphere is small and not significant
(40.08 W/m?, p = 0.14). In certain regions the cooling effect of the AMOC decline is larger: for example, over the
North Atlantic the effect is —1°C, and over the Subpolar North Atlantic (SPNA) is as large as —2.4°C. Figure 2d
further shows the zonal mean near-surface air temperature change in the experiments. The difference between
fixed AMOC experiments and the 4xCO, (magenta curve) is most pronounced in the band 50°N—70°N, where the
cooling effect of the AMOC exceeds 1°C.

3.3. Precipitation

In Figure 3 we show the impact of a weaker AMOC on precipitation. Figure 3a shows the difference in annual
mean precipitation between the 4XCO, and the picontrol. Figure 3b is the same as Figure 3a but for the difference
between the fixed AMOC and the picontrol. Here too, large-scale features of precipitation change in response to
CO, quadrupling are similar between the 4xCO, and fixed AMOC experiments (Figures 3a and 3b). However, as
a consequence of an AMOC decline (Figure 3c) we note widespread drying in the North Atlantic, precipitation
increase over the Arctic ocean, small but significant precipitation decrease over large parts of Eurasia, and a
southward shift of the ITCZ in all oceans. Figure S5 in Supporting Information S1 further shows that changes in
the North Atlantic region and in the Arctic and Eurasia, as well as equatorial Pacific precipitation impacts, occur
mainly in boreal winter (DJF), while the southward ITCZ shift in the Atlantic Ocean occurs mainly in boreal
summer (JJA).

Figure 3d shows zonal mean precipitation. Compared to the climatology (black curve, left hand side y-axis),
precipitation change in the 4XCO, experiment displays a narrowing of tropical precipitation and expansion of the
subtropical dry zones, while the mid-to-high latitudes get wetter in both hemispheres. On the other hand, the three
positive virtual salinity flux experiments all exhibit a southward shift of the ITCZ and a dryer NH. Similar to
Figure 2d, we note that differences in precipitation change between the three targeted experiments are much
smaller compared to differences between their ensemble mean and the 4XCO, simulation.
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Figure 3. Precipitation. Maps show the changes in precipitation between the 4xXCO, and picontrol (panel a), fixed Atlantic Meridional Overturning Circulation (AMOC)
and picontrol (panel b), 4xXCO, and fixed AMOC (panel c). Solid contours in panels (a) and (b) represent the climatological annual mean precipitation computed from
the picontrol simulation, while in panel (c) contours show the 4XCO, minus picontrol anomalies. Stippling in panel (c) shows areas where the difference is not
statistically significant. Panel (d) shows zonal annual mean precipitation: the black curve represents the picontrol climatology (refers to left hand side y-axis); the four
solid curves represent changes from the picontrol (see legend); the dashed magenta curve represents the differences between the 4xXCO, and fixed AMOC experiments.

3.4. State-Dependent AMOC Impacts

In the previous two sections we discussed temperature and precipitation impacts of a weakened AMOC relative to
4xCO, forcing, which we were able to separate thanks to our targeted experiments with positive virtual salinity
flux. In typical CMIP6 coordinated experiments this is not possible because of other varying forcings, in addition
to the AMOC decline. To overcome this, historically, AMOC impacts have been assessed with water hosing
experiments starting from a preindustrial climate background. The goal of water hosing experiments was to
evaluate the climate impacts arising from an artificially imposed AMOC decline in the absence of other forcings.
Some of the changes that we presented so far, may appear indeed quite similar to the results of water hosing
experiments, but here we are going to specifically investigate whether the impacts of an AMOC decline quantified
from a water hosing experiment can be extrapolated to assess the impacts of an AMOC decline in the context of
future climate change.

In Figure 4 we formally investigate the state-dependence of AMOC impacts. The top row of Figure 4 (same as
Figures 2c and 3c) shows the estimated AMOC impact on temperature and precipitation in a 4XCO, forced
climate, computed as the difference between 4xCO, and fixed AMOC experiments. Instead, the middle row
shows changes computed from the water hosing experiment and represents the estimated AMOC impact on
temperature and precipitation in a 4XCO, forced climate, extrapolated from the water hosing experiment (see
methods). The bottom row of Figure 4 shows the differences between the top and middle rows, and quantifies the
role of the background climate state on the estimates of AMOC decline impacts. If we were able to predict AMOC
impacts in a 4XCO, climate using water hosing experiments from a preindustrial climate, then the bottom row of
Figure 4 would roughly be zero everywhere. Clearly, this is not the case and the background climate state does
modify both temperature and precipitation impacts of an AMOC decline, although some local impacts may be
sensitive to the scaling we used to compare the experiments.

For temperature (Figure 4¢), we note that the water hosing experiment would predict a much stronger cooling,
especially in the mid- and high-latitude oceans. Averaged over the NH, the cooling due to a ~43% AMOC decline
would be 0.7°C with a 4xCO, background climate, but more than twice as large (1.8°C) with a preindustrial
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Figure 4. Background state dependence of Atlantic Meridional Overturning Circulation (AMOC) impacts. Top row panels show the change in near-surface air
temperature and precipitation due to a weakened AMOC in a 4XCO, forced climate. They are computed as differences between the 4xXCO, and fixed AMOC (same as
Figures 2c and 3c, respectively). Middle row panels show the change in near-surface air temperature and precipitation extrapolated from the water hosing experiment

with a preindustrial climate background (s

ee scaling described in the text). Bottom row panels show the difference between of the top panels and the middle panels.

Thick contours in panel (c) indicate the northern hemisphere sea ice edge in March for picontrol (white) and water hosing (black). Stippling indicates areas where

differences are not statistically significant.

climate. Regionally, the SPNA cools by 2.4°C in the 4XCO, background climate compared to 4.9°C in a pre-
industrial climate. The ice-albedo feedback provides a plausible physical mechanism for these differences: as the
sea ice edge in the picontrol is located within the SPNA (see contours in Figure 4c), expanding sea ice provides a
positive feedback that enhances cooling in the water hosing experiments, but is absent in the almost ice-free
4xCO,. Overall, the impact of an AMOC decline on temperature in a 4XCO, climate is smaller than it would
be in a preindustrial climate state, although still quite large in certain regions (Figure 4a), such as the North
Atlantic. An important point here is that, differently from a preindustrial climate where a weaker AMOC pro-
motes more sea ice, an AMOC decline does not offset sea ice melting in a 4xXCO, climate, except in some limited
regions (Figure S6 in Supporting Information S1).

The state-dependence of AMOC impacts on precipitation change is less uniform in space and also exhibits regions
of zonal asymmetries. Precipitation impacts are only significant in some regions, mainly the mid-latitudes in the
NH, the North Atlantic and Arctic, and the tropics. At high latitudes, the water hosing would predict more drying
than with the 4XCO, climate background state, presumably also related to an ice-free ocean in a 4xXCO, climate
that allows for more evaporation and precipitation. Very different from the water hosing extrapolation is the
tropical Pacific precipitation response: in the 4xXCO, climate state, the AMOC decline promotes an El-Nifio like
precipitation pattern with reduced precipitation over the western equatorial Pacific and enhanced precipitation
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over the central and eastern Pacific. Instead, the water hosing extrapolation (Figure 4d) shows no significant
influence over the equatorial Pacific.

We note important differences also in the Western Pacific: while the weaker AMOC in the 4XCO, background
climate reduces precipitation and has no significant changes over Australia, the weaker AMOC in the prein-
dustrial climate shows small anomalies in the Western Pacific and increased precipitation over Australia. These
changes seem to be related to the southward shift of the ITCZ in the water hosing experiment, while they are
affected by changes in the tropical Pacific in the 4XCO, fixed AMOC experiments. Some patterns of precipitation
change may be model dependent (Timmermann et al., 2007) and could also be related to regional changes in
meridional gradients of tropical SST anomalies (cf. Good et al., 2022).

4. Conclusion

Our understanding of AMOC decline impacts on future climate change is challenged by the uncertainty in past
reconstructions of AMOC strength and impacts (e.g., Caesar et al., 2021; Kilbourne et al., 2022), and the inter-
model spread in the AMOC response to greenhouse gas forcing in idealized simulations of future climate change
(e.g., Bellomo et al., 2021; Weijer et al., 2020). Therefore, specific numerical simulations are needed to isolate the
global climate response to AMOC decline. Several prior studies have carried out the so-called “water hosing”
model experiments to investigate the impacts of an abrupt AMOC shutdown (e.g., Jackson et al., 2015). These
studies have also helped us understand the role of AMOC in past climate changes, and probe the sensitivity of
AMOC as a potential tipping element in the climate system (Weijer et al., 2019). However, studies that performed
experiments targeting AMOC impacts in future climate change are limited (Liu et al., 2020; Vellinga &
Wood, 2008).

In this study, we performed targeted model simulations to investigate the climate impacts of a weakened AMOC
in a 4xCO, forced climate. We showed that an AMOC weakening of ~10 Sv leads a reduction in NH temperature
warming, widespread NH drying and a southward shift of the ITCZ, in agreement with Liu et al. (2020). We
further demonstrated that AMOC impacts depend on the background climate state for at least two fundamental
climate variables: near-surface temperature and precipitation. Our results show that caution should be taken to
quantify the impacts of AMOC decline under future climate change scenarios. For example, the interaction of the
AMOC with other potential tipping elements (e.g., Wunderling et al., 2021) and with the global water cycle
(Douville et al., 2021) has sometimes been derived from preindutrial water hosing simulations. However, our
results indicate that these impacts cannot be simply extrapolated: instead, they should be quantified taking into
account the warming background climate in the future. In fact, due to sea ice feedbacks, water hosing experiments
would overestimate the cooling due to a weakened AMOC in a 4XCO, climate. In addition, we found that water
hosing experiments would also overestimate the drying in the NH, and do not show an equatorial Pacific El Nifio-
like precipitation change in our model.

One important caveat of our study is that we used only one climate model, and it would be worth corroborating our
findings with coordinated model inter-comparisons. For example, regional patterns of precipitation change may
be influenced by the exact amount of AMOC weakening, and also exhibit substantial inter-model differences (cf.
Liu et al., 2020; Good et al., 2022; Timmermann et al., 2007). We also investigated a quite abrupt and strong CO,
forcing, which allowed us to examine changes in a rather long (100 years) quasi-equilibrium state, but did not
allow us to assess transient AMOC impacts in a more realistic 21st century climate scenario. In conclusion, we
suggest that important insights can be gained from similar experiments with other models. In addition, other
useful experimental designs could include ramping up/down the greenhouse gas forcing or the salinity flux, to
further explore the AMOC sensitivity to forcing.

Data Availability Statement

A dataset to reproduce the figures in this article may be found here: Bellomo and Mehling (2023).
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