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Abstract Abrupt climate change events during the last glacial period and the Last Interglacial (LIG)
resulted from changes in the Atlantic Meridional Overturning Circulation (AMOC). Over the last 50 years, there
is some evidence that the AMOC has weakened, and it is projected to weaken further or even collapse this
century driven by the increase in atmospheric greenhouse gases. However, the impact of an AMOC weakening
on Australasian hydroclimate is still unclear, particularly under a climate warmer than the pre‐industrial (PI).
Using the ACCESS‐ESM1.5 model, we assess the processes impacting seasonal hydroclimate in the
Australasian region in response to an AMOC shutdown under PI and the LIG climatic conditions. While the
broad hydroclimate response to an AMOC shutdown is similar in both experiments, notable regional differences
emerge, highlighting the influence of background climate states. During austral summer (DJF), the AMOC
shutdown leads to drier conditions over the Maritime Continent between 5°S and 6°N and increased
precipitation over northern Australia under both PI and LIG conditions. However, the precipitation increase
over Australia is weaker under PI than LIG. During austral winter (JJA), mid to high southern regions of
Australia and New Zealand experience drying in response to the AMOC shutdown under PI boundary
conditions, while under LIG boundary conditions, only southeastern Australia and New Zealand exhibit drier
conditions, with northwestern Australia displaying wetter conditions. These results underscore the complex and
region‐specific responses of Australasian hydroclimate to AMOC disruptions, highlighting the importance of
considering background climate states when assessing such impacts.

1. Introduction
The Atlantic Meridional Overturning Circulation (AMOC) is a critically important system of ocean currents that
redistributes heat in the Atlantic Ocean. The AMOC transport has been weakening over recent decades (Caesar
et al., 2018; Thornalley et al., 2018), decreasing by ∼15% since the middle of the twentieth century (Caesar
et al., 2018; Jackson et al., 2022; Latif et al., 2022; Rahmstorf et al., 2015; Smeed et al., 2018), and there is a
growing consensus that it is at its weakest of the last millennium (Caesar et al., 2021). The fifth and sixth phases of
the Coupled Model Intercomparison Project (CMIP5 and CMIP6) future scenarios suggest that the AMOC might
weaken by 34%–45% (between 6 and 8 Sv) by the end of the current century under the ssp5‐8.5 scenario (Weijer
et al., 2020). Furthermore, studies based on early warning signals suggest that the AMOC could collapse before
the end of the century (Boers, 2021; Ditlevsen & Ditlevsen, 2023).

Paleoclimate records and modeling studies have indicated that the AMOC weakened significantly on a multi‐
centennial timescale during the Quaternary, and particularly during Heinrich stadials (HS) (Lynch‐Stie-
glitz, 2017; Menviel et al., 2020; Rahmstorf, 2002). While most of the periods of AMOC weakening occurred
during glacial periods or deglaciations, there is evidence for AMOC weakenings during the Last Interglacial
period (LIG, 129,000 to 116,000 years ago (ka)) (Galaasen et al., 2014; Tzedakis et al., 2018), as well as previous
interglacials (Galaasen et al., 2020). Significant AMOC weakening is thus not exclusive to glacial climates and it
is important to understand the climatic impacts of such a weakening under interglacial climates, such as the LIG.

Several modeling studies have investigated the impact of an AMOC weakening or shutdown on global climate.
Since most of the AMOC weakening events occurred during glacial periods (Henry et al., 2016), many modeling
studies of AMOC weakening have been performed under glacial conditions (Kageyama et al., 2013; Menviel,
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England, et al., 2014; Menviel et al., 2008; Saini et al., 2024), but some have also been performed under pre‐
industrial (PI) (Orihuela‐Pinto et al., 2022; Stouffer et al., 2006) or present‐day conditions (Jackson
et al., 2015). In both cases, an AMOC shutdown leads to a weaker northward oceanic heat transport in the
Atlantic, inducing a cooling of the North Atlantic and Greenland, as well as warmer conditions over the Southern
Ocean and Antarctica. This is in agreement with paleo proxy records from the North Atlantic and Greenland
(Buizert et al., 2014; Henry et al., 2016; Huber et al., 2006; Kindler et al., 2014; Menviel et al., 2020), as well as
from the Southern Ocean and Antarctica (Blunier & Brook, 2001; Buizert et al., 2015; Jouzel et al., 2007; Pedro
et al., 2018; Seidov & Maslin, 2001; Stocker, 1998; Stocker & Johnsen, 2003; Timmermann et al., 2010).

Due to the changes in meridional temperature gradients, an AMOC shutdown results in a southward shift of the
Inter‐tropical convergence zone (ITCZ) in the Atlantic (Jackson et al., 2015; Menviel et al., 2008; Menviel,
England, et al., 2014; Orihuela‐Pinto et al., 2022; Vellinga & Wood, 2002). Multiple proxy records from the
Atlanticsector support a southward shift of the ITCZ during HS, manifested as a decrease in precipitation in parts
of northern Venezuela (Deplazes et al., 2013; Haug et al., 2001; Peterson et al., 2000), northern tropical Africa
(McGee et al., 2013; Weldeab et al., 2007), and central America (Escobar et al., 2012) and an increase in pre-
cipitation in the southern tropical regions of Brazil, Africa and some other parts of South America (Gasse, 2000;
Jennerjahn et al., 2004; X. Wang et al., 2004; Cruz et al., 2009; Ciemer et al., 2021).

By contrast, the impact of an AMOC shutdown on the Australasian climate remains uncertain, as no modeling
study has thoroughly examined the processes affecting Australasian precipitation in the aftermath of such an
event. Furthermore, paleo‐records show inconsistent signals, likely influenced by a range of factors present at the
time, including different orbital parameters, vegetation cover, and other environmental conditions. The longest
speleothem record, spanning the last 55.7 ka, suggests inconsistencies in the strength of the Indonesian‐Australian
summer monsoon (IASM) during different HS, involving an AMOC shutdown (Scroxton et al., 2022). For
instance, some records indicate a precipitation decrease in northern Australia during Heinrich stadial 3 (HS3, 30.1
to 27.8 ka) despite a southward migration of the ITCZ (Lewis et al., 2011; Scroxton et al., 2022). In contrast,
several terrestrial paleo records from northern Australia (Denniston et al., 2013; Muller et al., 2008) indicate
increased precipitation or a stronger IASM, whereas records from northern Borneo (Partin et al., 2007) and
southern Java (Mohtadi et al., 2011) indicate reduced precipitation during Heinrich stadial 1 (HS1, 17.6 to
14.6 ka). On the other hand, Muller et al. (2012), Ayliffe et al. (2013), and Scroxton et al. (2022) suggest increased
precipitation in the Flores Sea during HS1. In addition, HS1 could have been influenced by additional deglacial
processes, such as rising sea levels, increasing greenhouse gas concentrations, and ice‐sheet retreat, further
complicating its interpretation. The ambiguity in these records could also be attributed to the lack of high res-
olution and temporal continuity, as well as uncertainty in estimating the total precipitation amounts from different
proxy types. Additionally, due to the complex geographic setting, obtaining proxy records at all necessary lo-
cations is impractical. Therefore, climate modeling provides a viable path forward, which can also help explain
apparent anomalies between proxy records. Finally, no records with sufficient resolution to resolve AMOC
variability are available for mid‐latitude or southern Australia, regions, which are impacted by processes beyond
the ITCZ.

To address this uncertainty regarding the Australasian climate's response to an AMOC shutdown, particularly
under warmer climates, our study examines the hydroclimate changes across the Australasian region in response
to an AMOC weakening under both PI and LIG conditions. The LIG not only exhibits evidence of AMOC
weakening (Galaasen et al., 2014; Tzedakis et al., 2018) but also stands out as the warmest interglacial of the last
800 ka (Masson‐Delmotte et al., 2013). From now on, the LIG refers to the climatic optimum, which occurred at
∼127 ka. The LIG was characterized by a minimum precession index, whereas the PI has a relatively high value
(Berger, 1978). This lower precession, combined with greater obliquity and eccentricity than PI, led to higher
boreal summer insolation during the LIG (Laskar et al., 2004), potentially causing a northward shift of the ITCZ
compared to PI (Yeung et al., 2021). Global mean sea‐surface temperatures (SST) during the LIG were 0.2 to
0.8°C higher than PI (Hoffman et al., 2017), with summer air temperatures over northern high latitudes 4 to 5°C
higher (Clark & Huybers, 2009), and global sea levels ∼2–5 m higher than PI (Dutton & Lambeck, 2012; Dyer
et al., 2021; Kopp et al., 2009). In addition, the LIG was preceded by HS11 (∼135− 128 ka (Tzedakis
et al., 2018)), during which the AMOC might have weakened significantly (Menviel et al., 2019). Given the
dating uncertainties associated with early LIG proxy records, the Paleoclimate Model Intercomparison Project 4
(PMIP4) LIG protocol also includes a LIG simulation with an AMOC shutdown (Otto‐Bliesner et al., 2017) to
provide information on the climate state during the later part of HS11.
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Here, we perform North Atlantic water hosing experiments using an Earth System Model to investigate the
Australasian precipitation response to an AMOC shutdown under both LIG and PI boundary conditions. This
allows us to assess the impact of the background climate state on an AMOC shutdown. Furthermore, evaluating
the impact of an AMOC collapse under warm climates is particularly relevant in the context of current and
projected AMOC weakening.

2. Methods
2.1. Model

In this study, we use the Australian Community Climate and Earth System Simulator‐Earth SystemModel version
1.5 (ACCESS‐ESM1.5, Ziehn et al. (2020)). The atmospheric model component is the UK Met Office Unified
Model version 7.3 (Martin et al., 2010; The HadGEM2 Development Team: Martin et al., 2011) at N96 resolution
(1.875 °× 1.25° and 38 vertical levels). It is coupled to the land surface model, the Community Atmosphere
Biosphere Land Exchange model (CABLE) version 2.4 (Kowalczyk et al., 2013), which incorporates biogeo-
chemistry utilizing the CASA‐CNP module (Y. Wang et al., 2010). The ocean component is the NOAA/GFDL
Modular Ocean Model version 5 (Griffies, 2012), which has a resolution of 1°× 1° (increasing to 0.4° in the
Southern Ocean and 0.33° near the equator) with 50 vertical levels. MOM5 is coupled to the Los Alamos National
Laboratory sea‐ice model version 4.1 (Hunke et al., 2010). Additionally, the coupler utilized in this model for the
ocean, sea‐ice and atmosphere interaction is the Ocean Atmosphere Sea Ice Soil—Model Coupling Toolkit (Craig
et al., 2017). Lastly, the ocean carbon cycle is simulated based on the nutrient, phytoplankton, zooplankton and
detritus scheme in the Whole Ocean Model of Biogeochemistry And Trophic‐dynamics model (Oke et al., 2013).
This model has been evaluated for historical climate and performs well in simulating the climate of the Aus-
tralasian region (Ziehn et al., 2020).

2.2. Experimental Design

2.2.1. Control Simulations

We use the equilibrium simulations of the PI (piControl, Eyring et al. (2016)), and the LIG (lig127k, Yeung
et al. (2021)) periods, performed with the ACCESS‐ESM1.5, to conduct freshwater perturbation experiments.
piControl is forced with orbital parameters corresponding to 1850 CE and an atmospheric CO2 concentration of
284.3 ppm. lig127k is initialized from piControl and is forced by LIG boundary conditions representative of
127 ka (orbital parameters and greenhouse gases, Yeung et al. (2021)) following the PMIP4 protocol (Otto‐
Bliesner et al., 2017). As such, the LIG atmospheric CO2 level is set at 275 ppm. The vegetation and ice sheet
cover in the lig127k simulation are kept constant at PI values and both experiments use a solar irradiance of
1365.65 Wm− 2. The total integration length for piControl is 1,100 years and 925 years for lig127k. We analyze
the last 100 years of each simulation. A comprehensive description of piControl and lig127k control simulations
is provided in Ziehn et al. (2020) and Yeung et al. (2021).

2.2.2. Freshwater Perturbation Experiments

To explore the impact of an AMOC collapse on Australian hydroclimate, we artificially add freshwater in the
subpolar North Atlantic (SPNA; 50°N‐70°N and 70°W‐0°E) to mimic Greenland ice sheet runoff as well as
iceberg discharge. The SPNA is found to be the main region of iceberg melting as indicated by the presence of ice‐
rafted debris in marine sediment cores that span the last glacial cycle (Muschitiello et al. (2019) + references
within).

We apply a constant 0.4 Sv freshwater flux in the SPNA to simulate a gradual AMOC collapse in the ACCESS‐
ESM1.5 model. The freshwater perturbation experiments, PIfw and LIGfw were started at year 1,000 from
piControl and year 850 from lig127k, respectively, and were run for 200 years each. A collapsed AMOC state
(defined here as an AMOCweaker than 5 Sv) is reached within approximately 150 years in both scenarios (Figure
S1 in Supporting Information S1). AMOC strength is calculated as the maximum value of the overturning
streamfunction between 30°N and 50°N.
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2.3. Analytical Approach

Here we analyze the 50 years average from years 150–200 of both perturbation runs. We refer to the anomalies
between LIGfw and lig127k as LIGfw‐lig127k and between PIfw and piControl as PIfw‐piControl. We focus our
analysis on LIGfw‐lig127k and summarize the main differences between LIGfw‐lig127k and PIfw‐piControl
briefly. As the Australasian precipitation is governed by different processes in austral summer (December,
January, February or DJF) and winter (June, July, August or JJA), our analysis focuses on DJF and JJA.

Monsoon regions are characterized as areas where the rainfall during the monsoon period exceeds that of the dry
season by a minimum of 2.5 mm d− 1, and where this rainfall accounts for no less than 55% of the total annual
precipitation (B. Wang et al., 2011). The total precipitated water is calculated as the product of the monsoon
domain's areal extent and the mean precipitation rate within this domain.

The ITCZ position is calculated using the precipitation centroid index (Braconnot et al., 2007). In this index, the
ITCZ position is defined as the latitude that divides the tropics (20°S and 20°N) into two region of equal pre-
cipitation, which is physically equivalent to the center of gravity of tropical precipitation.

The northern (southern) Hadley cell strength is calculated as the maximum (minimum) value of the atmospheric
mass streamfunction between 400 and 600 hPa. Meanwhile, the meridional oceanic heat transport is calculated
from the meridional temperature advection flux at 30°N.

3. Results
3.1. Brief Overview of the LIG (127 ka) Climate as Simulated by the ACCESS‐ESM1.5

Overall, the simulated global mean annual surface air temperature (SAT) and SST are 0.4°C and 0.2°C higher
during LIG compared to PI, respectively. Due to strong boreal summer (JJA) insolation anomalies (e.g., +70
Wm− 2 in June at 80°N) at 127 ka, driven by low precession and greater obliquity and eccentricity, the JJA mean
SAT at 40°N− 60°N is 6.5°C higher at the LIG than PI (Figure 1). Conversely, in the Southern Hemisphere (SH) at
40–60°S, JJA SATs are only 0.4°C higher during the LIG than PI. During DJF, LIG SATs are 1°C lower in the
Northern Hemisphere (NH) due to negative insolation anomalies (reaching approximately − 45 Wm− 2 at 40°S),
with enhanced cooling over land between 40°N and 40°S. SATs are 1°C higher in the Southern Ocean due to
lower sea‐ice extent compared to PI (Figure 1, Yeung et al. (2024)). Due to the inter‐hemispheric temperature
contrast, the global ITCZ is shifted 1° northward in JJA at the LIG (situated at 6.7°N) compared to PI (situated at
5.6°N), while it is shifted southward in DJF over the oceans, even though the response in the Pacific sector is more
complex (Figure 1 and Figure S2 in Supporting Information S1). Furthermore, weaker insolation anomalies

Figure 1. (a), (d) Annual, (b), (e) DJF, and (c), (f) JJA anomalies of (top) surface air temperature (°C) and (bottom)
precipitation (mm/day) at the Last Interglacial (lig127k) compared to pre‐industrial (piControl).
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during DJF at the LIG compared to PI lead to significantly larger cooling over land regions than over the ocean in
most of the SH. This causes an increase in sea‐level pressure and thus subsidence over land, resulting in a weaker
Australian monsoon during the LIG compared to PI (Yeung et al., 2021). The detailed description of the simulated
LIG climate, differences between the lig127k and piControl simulations, its characteristics compared to other
lig127k PMIP4 simulations, and comparison with proxy records have been described in detail in previous studies
(Kageyama et al., 2020; Otto‐Bliesner et al., 2021; Yeung et al., 2021, 2024).

3.2. Large Scale Climate Response to an AMOC Shutdown

In the LIGfw simulation, the shutdown of the AMOC results in a 66% reduction in northward oceanic heat
transport at 30°N in the Atlantic. This leads to a SST decrease and a DJF sea‐ice advance of 30° eastward in the
Labrador Sea and 6° southward in the Nordic Seas, which induces a 7.5°C decrease in winter SATs over the North
Atlantic (Figure 2a). Similarly, in the Northwest Pacific, temperature decreases by 5°C and sea‐ice advances 9°
eastward, linked to a deepening of the Aleutian low. Meanwhile, the reduced northward oceanic heat transport,
causes a slight warming of 0.6°C in the South Atlantic (0°S− 40°S) during DJF, extending to the north of the
Antarctic Circumpolar Current and into the south Indian and Pacific Oceans. Minimal sea‐ice changes are
simulated in the Atlantic and Indian Ocean sectors of the Southern Ocean, while a 7° northward shift of the sea‐ice
edge is simulated in the Pacific. In JJA, the North Atlantic cools, pushing the sea‐ice edge 11° further east in the
Labrador Sea and 6° further south in the Nordic Seas (Figure 2d green line), and leading to a 5.6°C SAT decrease
in LIGfw‐lig127k (Figure 2d). The North Pacific also experiences a cooling of about 3°C. In contrast, a 0.7°C
warming is simulated in the South Atlantic in LIGfw‐lig127k, with a smaller warming of 0.03° in the Indo‐Pacific
region between 0°S− 40°S. No significant sea‐ice changes are simulated over the Indian sector, while a 5° increase
in sea‐ice extent in the Bellinghausen Sea and an 8° eastward extension in the Weddell Sea are associated with
cooling south of 60°S.

The overall cooling in the NH strengthens the subtropical semi‐permanent high‐pressure system over the North
Atlantic Ocean, with a smaller intensification over Asia during both DJF and JJA (Figures 2b and 2e and Figures
S3b and 3e in Supporting Information S1). The large‐scale spatial climate response to the simulated AMOC
shutdown under PI (PIfw) and LIG (LIGfw) boundary conditions is broadly similar but the amplitude of the
changes differs (Figure 2 and Figure S3 in Supporting Information S1). Further details on these differences are
discussed in Section 4.1.

Figure 2. Changes in (a), (d) surface air temperature (°C) (b), (e) mean sea level pressure (hPa) overlaid with surface wind
anomaly (m/s) and (c), (f) precipitation (mm/day) as a response to an AMOC shutdown in LIGfw compared to lig127k
during (top) DJF and (bottom) JJA. Stippling indicates significant changes based on a Student's t‐test at 95% significance
level.
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3.3. Precipitation Response to an AMOC Shutdown Over Australasia

3.3.1. Austral Summer (DJF) Precipitation Changes

To compensate for the 40% reduction in global northward oceanic heat transport at 30°N, the NH Hadley cell
strengthens by∼14% and shifts 2° southward in LIGfw during DJF (from 8.2°S to 10°S, Figure 3a). This stronger
and shifted Hadley cell causes a 2° southward displacement of the global ITCZ (Figure 2c and Figure S2a in
Supporting Information S1). As the ITCZ shifts south, the LIGfw displays drier conditions over the Maritime
Continent between 5°S and 6°N, including Sumatra, Borneo, Indonesia and northern part of Papua New Guinea,
along with increased austral summer precipitation over northern Australia compared to lig127k (Figure 4a). This
increase is attributed to the cyclonic circulation associated with the low‐pressure anomaly over the Indian Ocean

Figure 3. Atmospheric mass streamfunction (Sv) anomalies (shading) for (top) LIGfw minus lig127k and (bottom) PIfw
minus piControl averaged over (a), (c) DJF, and (b), (d) JJA. Contours (solid is positive; dashed is negative) indicate
piControl and lig127k control mean. The thick black and blue lines represent the zero contour in the control experiments and
the FW experiments, respectively.

Figure 4. Changes in (a), (c) precipitation (mm/day) and (b), (d) geopotential height (m) at 850 hPa overlaid with wind
anomaly (m/s) at 850 hPa as a response to an Atlantic Meridional Overturning Circulation shutdown for (top) LIGfw
compared to lig127k and (bottom) PIfw compared to piControl during austral summer (DJF). Stippling indicates significant
changes based on a Student's t‐test at 95% significance level.
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(Figure 4b), which stems from a Rossby wave train that originates from the equatorial Atlantic, triggered by
stronger tropical convection due to increased SSTs in that region. Consequently, the areal extent of the Australian
monsoon domain expands by 73% in the LIGfw experiment in comparison to lig127k, accompanied by a 81% rise
in total precipitated water within this domain during the monsoon season (Figure S4 in Supporting
Information S1).

The drying pattern simulated south of Australia, including Tasmania and New Zealand, results from the changes
in the SH subtropical high‐pressure systems, typically located between 20°S and 40°S in the Indian, Pacific, and
Atlantic oceans in piControl (Figure S5 in Supporting Information S1). In LIGfw, these high‐pressure systems
shift southward due to the (1.5°) southward displacement of the SH Hadley cell, while the intensification of the
Hadley cell (by 12%) leads to a high‐pressure anomaly south of 40°S, resulting in drying in this region. Addi-
tionally, this displacement of the high‐pressure systems further shifts the rain‐bearing storm tracks southward
leading to drier conditions over Australia (including Tasmania) and New Zealand. A similar, but weaker, pattern
of precipitation change and circulation shift is simulated in PIfw‐piControl (Figure 4), as discussed in Section 4.1.

3.3.2. Austral Winter (JJA) Precipitation Changes

During JJA, the SH Hadley cell in LIGfw weakens by 20% and shifts slightly southward (≤1°) compared to
lig127k (Figure 3b). Meanwhile, the global ITCZ shifts south by 1.5° (Figure S2e in Supporting Information S1),
with a more pronounced 5° shift extending from the eastern equatorial Pacific to the eastern side of the African
continent (Figures 2f and S2h). However, in the western Pacific, no ITCZ shift is simulated, though rainfall within
the ITCZ decreases (Figure S2g in Supporting Information S1). Colder conditions are also simulated over the
Maritime Continent and central Pacific (Figure 2d). Additionally, while the north‐easterlies are stronger in the
eastern equatorial Pacific, the easterlies weaken in the western equatorial Pacific (Figure 5b). As a result, there is a
13% decrease in precipitation over the Maritime Continent between 6°S and 10°N (Figure 5a).

The Australian precipitation response during JJA is less significant and more complex than in DJF. The weak-
ening of the SH Hadley cell leads to wetter conditions in the northwestern part of the continent (122°E− 135°E,
25°S− 15°S). However, drier conditions are simulated in the southeastern sector (142°E− 152°E, 34°S− 29°S) and
New Zealand due to the southward shift of the Ferrell cell (Figure 3b) which intensifies the high‐pressure system
south of Australia, diverting incoming frontal systems and causing further drying in the region (Figure 5a).

Finally, southern Australia, which experiences its rainy season during JJA due to mid‐latitude westerlies bringing
precipitation, also becomes drier. The weakening of the westerlies between 30°S and 45°S associated with a
southward shift in both the Indian and Pacific sectors of the Southern Ocean (Figure 5b), further contributes to the

Figure 5. Changes in (a), (c) precipitation (mm/day) and (b), (d) geopotential height (m) at 850 hPa overlaid with wind
anomaly (m/s) at 850 hPa as a response to AMOC shutdown for (top) LIGfw compared to lig127k and (bottom) PIfw
compared to piControl during austral winter (JJA). Stippling indicates significant changes based on a Student's t‐test at 95%
significance level.
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drier conditions in southeastern Australia and New Zealand in LIGfw‐lig127k during JJA. The drier conditions in
PIfw‐picontrol are more significant and discussed in the next section.

4. Discussion
As Australasian summer and winter rainfall are governed by different processes and feedback, we analyze the
seasonal changes separately. During austral summer (DJF), the Australian monsoon dominates, particularly in
northern Australia. The ITCZ shifts to its southernmost position, bringing moisture‐laden winds from the warm
tropical oceans. This results in enhanced convection and increased rainfall over northern Australia and the
Maritime Continent (Figure S5c in Supporting Information S1). In winter (JJA), southern Australia and parts of
New Zealand experience heightened rainfall due to the strengthening of the mid‐latitude westerlies and the
passage of cold fronts (Figure S5f in Supporting Information S1). These westerlies are linked to the Southern
Ocean storm tracks, which transport moisture from the ocean into southern Australia.

An AMOC shutdown under LIG climate affects the interhemispheric thermal gradient, with a colder NH and a
warmer SH. This plays a crucial role in shaping atmospheric circulation patterns, causing the intensification and
southward shift of both the northern and southern Hadley cells during DJF. The magnitude of large‐scale changes
associated with AMOC shutdown under both PI and LIG climates, such as the temperature response in the North
and South Atlantic, are consistent with previous modeling simulations performed under PI or glacial boundary
conditions (Jackson et al., 2015; Kageyama et al., 2013; Menviel et al., 2008; Menviel, Timmermann, et al., 2014;
Saini et al., 2024; Stouffer et al., 2006; Timmermann et al., 2010; Vellinga & Wood, 2002), including the
deepening of the Aleutian low (Okumura et al., 2009). The shift in the northern Hadley cell pushes the ITCZ
southward, leading to drying over Sumatra, Borneo, Indonesia, and the northern part of Papua New Guinea, while
northern Australia experiences wetter conditions during DJF. The simulated 2° southward shift of the global ITCZ
is in agreement with the above‐mentioned modeling studies as well as some proxy records indicating such a shift
during the AMOC weakening episode of HS1 (Denniston et al., 2013; McGee et al., 2014). The warming in the
Tropical South Atlantic region results in enhanced atmospheric convection triggering a stationary Rossby wave
train that propagates from the equatorial Atlantic toward the Australian continent. This wave train establishes a
low‐pressure anomaly over Australia, inducing cyclonic circulation with reinforced onshore northwesterly flow.
This enhances the moisture transport, contributing to increased precipitation over northern Australia. In the
southern Australian and New Zealand sectors, the southward shift of the SH Hadley cell displaces semi‐
permanent high‐pressure systems south of 40°S, creating a high‐pressure anomaly in that area and conse-
quently leading to drier conditions. The high‐pressure anomaly also blocks incoming cold fronts toward southern
Australia, leading to further drying.

During austral winter (JJA), while there is a 5° southward shift of the ITCZ in the equatorial Atlantic, only a
weakening of the ITCZ is simulated over the Indian Ocean and in the western Pacific. Drier conditions are thus
simulated over the Maritime Continent between 6°S and 10°N. The weakening of the SH Hadley cell leads to
anomalous wetter conditions in the northwestern region of Australia, while the drier conditions over the south-
eastern region result from the southward shift of the Ferrel cell and southward shift in high‐pressure systems.
However, the overall response over northwestern and southeastern Australia is relatively insignificant.

4.1. Dependence on the Background State

While the climatic impact of an AMOC shutdown is broadly similar under LIG and PI conditions, some regional
differences are simulated. A normalization of the climatic changes by the magnitude of the AMOC decrease
(Figure S6 in Supporting Information S1) — that is larger in LIGfw‐lig127k than in PIfw‐piControl (Table S1 in
Supporting Information S1) — suggests that outside of the Atlantic basin, the different climatic anomalies in
LIGfw‐lig127k compared to PIfw‐piControl are due to the different initial climate state, resulting from different
insolation.

Due to the high boreal summer insolation in JJA at the LIG, the ITCZ is displaced northward in all ocean basins
compared to the PI state. In DJF, the ITCZ is also displaced northward in the Pacific basin, while it is displaced
southward over the Indian and Atlantic Oceans. Overall, the global annual mean ITCZ is ∼0.4° northward at the
LIG compared to PI (Figure 6a), due to a change in meridional temperature gradient (Schneider et al., 2014). This
shift likely arises from the low precession at the LIG climate, which placed perihelion during boreal summer,
amplifying the seasonal insolation contrast and thus affecting the temperature gradient across hemispheres and the
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ITCZ seasonality. However, we do not isolate the specific impacts of precession from the total insolation change
here. Future studies that isolate the influence of specific insolation parameters, such as precession or obliquity,
could further clarify their role in modulating hydroclimatic responses across the hemispheres, which at the
moment remains uncertain (Beaufort et al., 2010; Wyrwoll et al., 2007; Zhang et al., 2022).

In response to the AMOC shutdown, during DJF, PIfw‐picontrol displays drying over the Maritime Continent
between 5°S and 6°N similar to LIGfw‐lig127k (Figures 4a and 4c). The southward ITCZ shift in the Pacific is
slightly larger in LIGfw‐lig127k than in PIfw‐picontrol (Figure 6b) due to the larger meridional temperature
contrast (Table S1 in Supporting Information S1). This leads to a stronger intensification of the northern Hadley
cell (7%) in LIGfw‐lig127k. In addition, the simulated drying south of Australia in DJF is larger in LIGfw‐lig127k
than in PIfw‐picontrol due to the larger positive geopotential height anomaly. These results suggest that the
different background state impacts the climatic response in that region.

The absolute temperature increase in the Tropical South Atlantic is slightly larger (by 0.2°C) in LIGfw‐lig127k
compared to PIfw‐piControl due to the larger AMOC decrease in the former (Figure 2, Figures S2 and S6 in
Supporting Information S1), which triggers a stronger Rossby wave train toward Australasia. However, it is
unlikely that the simulated geopotential differences in the southern Indo‐Pacific sector are only due to this small
temperature difference. While in LIGfw‐lig127k a negative geopotential anomaly is simulated at 850 hPa across
Australia in DJF, in PIfw‐piControl, the negative anomaly only extends from the Indian Ocean to the north-
western part of Australia (Figures 4b and 4d). The reduced extent of the low‐pressure anomaly over Australia
results in a smaller expansion (by 24%) of the monsoon domain in PIfw‐piControl, with the precipitation increase
limited to the western and northwestern regions (Figure 4c, Figures S4 and S7 in Supporting Information S1).

During JJA, drying over the equatorial Maritime Continent between 6°S and 10°N is more substantial in PIfw‐
picontrol than in LIGfw‐lig127k (Figure 5). As low precession in the LIG causes a warmer NH during boreal
summer, the weakening of the ascending branch of the SH Hadley cell is larger (by 5%) for an AMOC collapse
under PI than under LIG conditions (Table S1 in Supporting Information S1, Figures 3b and 3d). Thus, leading to
a stronger drying over the Maritime Continent in PIfw. Additionally, the descending branch of the SH Hadley cell
in PIfw exhibits a larger 2° southward shift and strengthening compared to LIGfw (Figure 3d). This leads to
significantly drier conditions across Australia during JJA in PIfw (Figure 5c), in contrast to the relatively muted
response in LIGfw.

In the Atlantic basin, the southward ITCZ shift during JJA in LIGfw‐lig127k and PIfw‐piControl has a similar
amplitude and scale with the change in meridional SST gradient (Figure 6c). Despite LIGfw and PIfw having a
similar AMOC strength, the ITCZ is still shifted northward in LIGfw compared to PIfw due to the different
insolation forcing. Figure 6 indicates that while there is a linear relationship between the global annual mean
ITCZ response and the meridional SST gradient, regional and seasonal variations, particularly in the Pacific
during DJF and the Atlantic during JJA, play a more significant role in shaping the relationship.

The geopotential height anomalies between LIGfw‐lig127k and PIfw‐piControl also display significant differ-
ences to the south of Australia, and so do the temperature anomalies in the Southern Ocean. The different
temperature anomalies in the Southern Ocean are most likely due to the simulated warmer LIG Southern Ocean,

Figure 6. Relationship between the Inter‐tropical convergence zone (ITCZ) and the tropical meridional SST gradient
(5°N–30°N minus 5°N–30°S) for (blue) pre‐industrial (orange) Last Interglacial (green) PIfw and (red) LIGfw simulations:
(a) globally averaged annual mean, (b) over the Pacific during DJF, and (c) over the Atlantic during JJA. Results from a 4‐
member ensemble of CMIP6 SSP5‐8.5 simulations performed with the ACCESS‐ESM1.5 model are also included to provide
context on projected ITCZ shifts under future high‐emission scenarios. The inclusion of SSP5‐8.5 allows for a comparison
between past and future climates, highlighting potential changes in ITCZ dynamics due to anthropogenic warming. Slope in
(a) = 2.7°C and r2 = 0.99.
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with a 50% smaller sea‐ice cover compared to PI in the ACCESS‐ESM1.5 (Yeung et al., 2024). As such, future
studies should more effectively assess how the coupled feedback, such as those between SST and wind changes in
the high southern latitudes, could modulate regional precipitation anomalies in response to an AMOC weakening
under varying background states.

4.2. Simulated Precipitation Comparison to Proxy Records and Future Implications

While we acknowledge the inconsistency among precipitation proxy records (as mentioned in Section 1), these
discrepancies can be attributed to several factors, such as low temporal resolution, gaps in the records, and
differences in the types of proxies used. Each proxy type may archive total precipitation differently, introducing
uncertainties. Additionally, variations in past climate conditions, including differences in orbital parameters,
vegetation cover, and regional climate dynamics, can also contribute to these inconsistencies. Despite these
challenges, our simulated results are in agreement with those suggesting a decrease in precipitation over northern
Borneo (Partin et al., 2007), and an increase over the Flores Sea (Ayliffe et al., 2013; Muller et al., 2012; Scroxton
et al., 2022) and northern Australia (Denniston et al., 2013; Muller et al., 2008), during an AMOC shutdown.
These similarities suggest that our model captures the broad regional trends, even though individual proxies may
vary due to the reasons outlined above. Additionally, the precipitation anomalies are broadly similar to the
precipitation minus evaporation anomalies (Figures S8 and S9 in Supporting Information S1), therefore consistent
with proxy records of wetter conditions over northern Australia regardless of whether they reflect moisture
balance or precipitation. Future work on high‐resolution proxy records covering the LIG period would be
invaluable in resolving some of these inconsistencies and enhancing model validation.

Due to the increase in greenhouse gas concentration, the global mean temperature was 1.4°C higher in 2023 than
during PI, as confirmed by the World Meteorological Organization in their 2024 report. The warming trend,
however, is much larger in the NH than in the SH, with the Arctic warming at four times the global rate (Rantanen
et al., 2022), associated with a large sea‐ice decrease (Jahn et al., 2024). As a result, the ITCZ has shifted
northward at a rate of 30 km/decade over land (Aumann et al., 2024). CMIP6 Shared Socioeconomic Pathways
(SSP5‐8.5) simulations performed with the ACCESS‐ESM1.5 (Mackallah et al., 2022) suggest that, despite a
∼30% AMOC weakening (Weijer et al., 2020), the global annual mean position of the ITCZ could shift further
northward at the end of the century (years 2080–2100) compared to PI (Figure 6a), driven by an enhanced
meridional tropical SST gradient (5°N–30°N minus 5°N–30°S), with greater warming in the NH. This asym-
metrical warming pattern, also observed during the LIG, makes the LIG a valuable analogue for understanding
potential climate impacts of an AMOC weakening in the 21st‐century, potentially amplified by Greenland ice‐
sheet and Arctic glacier melting (Pontes & Menviel, 2024).

5. Conclusions
Our study investigates the impact of an AMOC shutdown on precipitation patterns across the Australasian sector
under two distinct climate background states: PI and LIG. While the overarching response to AMOC shutdown
remains similar in both PI and LIG climates, our analysis unveils nuanced variations in Australasian hydroclimate
patterns due to differences in the background state.

We highlight that the northern parts of Maritime continent and New Zealand experience drier conditions during
both austral summer and winter, with subtle discrepancies under PI and LIG climate boundary conditions.
However, during DJF, there is an increase in precipitation in northern Australia under both LIG and PI boundary
conditions in response to the AMOC shutdown, but the increase is larger in LIG. During JJA, there is an increase
in northwestern Australian precipitation coupled with a decrease in southeast Australia precipitation under LIG
conditions, whereas under PI conditions, drier conditions are simulated all over Australia apart from the north-
ern tip.

Considering the observed decrease in AMOC strength over the last 100 years and projected weakening in the
future, our findings underscore the potential for substantial alterations in temperature gradients and atmospheric
circulation, which could profoundly impact Australasian hydroclimate. By describing the simulated changes in
both LIG and PI background states, our results offer valuable insights into the dynamic nature of climatic shifts
and their implications for regional hydrological systems.
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Data Availability Statement
The model outputs from all the simulations are available at (Saini et al., 2025).
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