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Abstract: During the Qua.~rnary, the Hudson Bay switched between closed (covered
by ice sheet) and opr.n (.~e sheet-free) condition due to large variations of ice sheets.
However, how the cicsure and opening of the Hudson Bay have affected the local and
global climates is still poorly understood. Using the LOVECLIM1.3 model, here we
investigate the effect of the Hudson Bay closure under glacial conditions with different
astronomical configurations, greenhouse gases (GHG) concentrations and Northern
Hemisphere (NH) ice volume. Our model results show that the closure of the Hudson
Bay could lead to a strengthening of the Atlantic Meridional Overturning Circulation
(AMOC), which in turn leads to a warming in the Northern Hemisphere with notable
warming in the Labrador Sea and northeast North Atlantic, a cooling in the Southern
Hemisphere and a northward shift of the Inter-tropical Convergence Zone (ITCZ). In

addition to the large-scale climate changes, the closure of Hudson Bay also leads to a



strong cooling over the Hudson Bay region due to changes of surface properties and a
cooling to the southeast of Greenland due to more wind-driven sea ice export from the
Arctic. However, the effect of the Hudson Bay closure depends on background climate
conditions, and it could weaken or slightly reinforce the effect of the ice sheets for

different astronomical configurations.
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1. Introduction

The Hudson Bay is one of the largest inland seas in *..» v urld and it receives a large
amount of freshwater through riverine input (~76C km',yr; Déry et al., 2011). It is
connected with the Arctic Ocean through the Can. 1iar Arctic Archipelago and with the
Labrador Sea through the Hudson Strait. Th< ~utflow through Hudson Strait into the
Labrador Sea and on to the North Atlanti- is wought to play an important role in the
Labrador current, the northern North .* tl.ntic circulation and its dense water formation
(Fig. 1; Straneo and Saucier, 200§). Tt thus has a great effect on the weather/climate of
the Northern Hemisphere (NH,, especially in the Labrador Sea and Atlantic, and

perhaps over the whole glohe {dos Santos et al., 2010).
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Fig. 1 Map of Hudson Bay and surroundings showing modern surface circulations with

cold (blue) and warm (red) currents (adopted from Straneo and Saucier, 2008; Lochte



et al., 2020). The topography data is from https://www.ngdc.noaa.gov.

Due to the importance of the Hudson Bay on local and remote climate, some studies
have been performed on the role of the Hudson Bay on climate variations in different
time periods of the past. For instance, both geological records (e.g. Lochte et al., 2019)
and numerical simulations (e.g. Wagner et al., 2013) suggested that the Hudson Bay Ice
Saddle collapse may have played a significant role in the noticeable reduction of the
Atlantic Meridional Overturning Circulation (AMOC) and the rapid NH cooling 8200
years before present (BP). Rennermalm et al. (2007) used the University of Victoria
Earth system climate model (UVic ESCM) to investige‘. tu. sensitivity of the AMOC
to the variations of freshwater flux into the Arctic C-ean and the Hudson Bay through
riverine input, and their results show that, comp: red to the Arctic Ocean, decreasing
freshwater flux into the Hudson Bay has a .-uch greater effect on intensifying the
AMOC. Using an early version of LOVE* 'Llivi, Friedrich et al. (2010) found that the
atmospheric anomalies over the Huu.or Bay could drive freshwater release from the
Hudson Bay into the Labrador Sea, which played a significant role in the centennial-
to-millennial scale AMOC variavi‘it'. They found that the atmospheric anomalies over
the Hudson Bay were trigze-=d by the internal variability that was caused by the
stochastic excitations of th. density-driven overturning circulation in the Nordic Seas.
Their study also shov ea .hat the centennial-to-millennial scale AMOC variability could
only happen when u.» Hudson Bay was open, and it was suppressed under the last
glacial maximum (LGM) boundary conditions when the Hudson Bay was closed.
However, sensitivity experiments taking into account the time-varying insolation,
greenhouse gases concentrations (GHG) and the NH ice sheets during the last
interglacial showed that the Hudson Bay closure could not prevent the abrupt reduction
of AMOC which was instead strongly dependent on the external forcings (Loutre et al.,
2014).

During periods of maximum extent of the Laurentide ice sheet, the Hudson Bay
was the geographic center of the Laurentide ice sheet and it was covered by ice sheet

during a large portion of the Quaternary. During these times, Hudson Bay was partially



or completely closed, leading to a very different hydrological condition in northeastern
Canada. This could cause significant changes not only in local climate but also in
climate of other places through its effect on the Atlantic Ocean circulations. However,
the effect of the Hudson Bay closure is seldomly investigated in paleoclimate
simulations, most probably due to the technical difficulty in modifying the land-sea
mask in many models, and only a few studies have taken into account the changes of
the Hudson Bay during different time periods (e.g. Friedrich et al., 2010; Meccia and
Mikolajewicz, 2018; Tan et al., 2020). In most transient simulations with time-
dependent ice sheets covering the glacial-interglacial cyc'~(s,, the Hudson Bay was
kept open (e.g. Smith and Gregory, 2012). It is unclear L.ow Jie Hudson Bay condition
(open or closed) affects the regional and global c''maw, especially under different
background climate conditions. It could be or.. of the factors contributing to the
simulation uncertainty and to model-proxy d’,<vepancy.

In this study, we aim to investigate t' ¢ euect of the Hudson Bay closure on the
mean climate state under different ha_kground conditions (different astronomical
configurations, GHG concentratioi.” and ice sheet configurations). This would help us
better understand the importance «f 1ne proper treatment of the ice mask and elevation
of the Laurentide ice sheet in 1.odelling studies, especially during the glacial times. Our

study is based on nine pairs ~f sensitivity experiments using the model LOVECLIM1.3.

2. Model and experi.nents design

LOVECLIM1.3 is a three-dimension Earth system Model of Intermediate
Complexity. Detailed description of a previous version of LOVECLIM1.2 can be found
in Goosse et al. (2010), and a description of LOVECLIM1.3 in Loutre et al. (2014).
The model setup is the same as the one used in Yin et al. (2021). The atmosphere
(ECBilt), the ocean and sea ice (CLIO) and the terrestrial biosphere (VECODE) are
interactively coupled. ECBIlt is a spectral atmospheric model with truncature T21,
which corresponds approximately to a horizontal resolution of 5.625°x5.625°. It has
three vertical layers and its dynamics are governed by the quasi-geostrophic potential

vorticity. VECODE is a two-dimensional dynamical terrestrial vegetation model



including two plant functional types: tree and grass, and its resolution is the same as
ECBilt. CLIO is a global free-surface ocean general circulation model coupled to a
thermodynamic-dynamic sea ice model. The horizontal resolution of CLIO is 3° in
longitude and latitude, and there are 20 unevenly spaced levels along vertical in the
ocean. LOVECLIMI1.3 and its previous versions have been used in numerous studies
for past, present and future climate, and the results showed that LOVECLIM can
reproduce the major characteristics of climate variations both for present-day
conditions and for some other important past periods (see references in Goosse et al.,
2010). With respect to ocean circulations pertinent to *his study, the maximum
overturning streamfunction in the North Atlantic and C~u.d.ern Ocean simulated by
LOVECLIM show relatively good agreement with ¢ »servations and proxy records, as
well as with results of other models (e.g. Goosse ~t a), 2010; Loutre et al., 2014; Yin,
2013; Yin et al., 2021).

In this study, we performed nine pair: of experiments at nine selected dates at the
beginning of each deglaciation peric ! ¢ the last 800 ka (Fig. 2 and Table 1). These
dates were actually the initial datc~ for the transient interglacial climate simulations
used in Yin et al. (2021) thougt caanges of ice sheets and Hudson Bay were not
considered there. At these daw <. the North American ice sheet was sufficiently large to
cover completely the Hua.~n Bay, and there are large variations in the astronomical
parameters, GHG ccuace.trations and NH ice volume. For example, obliquity ranges
from 24.2° at 538 ka 3P to 22.7° at 719 ka BP, precession ranges from 0.00409 at 794
ka BP to -0.00735 at 247 ka BP (Berger and Loutre, 1991), and the CO, equivalent
(COaeq, which is calculated based on the formula in https://gml.noaa.gov/aggi/aggi.html)
ranges from 267 ppmv at 424 ka BP to 171 ppmv at 719 ka BP (Luthi et al., 2008;
Loulergue et al., 2008; Schilt et al., 2010). In addition, the total NH ice volume ranges
from 39 million km? at 17 ka BP to 21 million km?® at 424 ka BP (Ganopolski and Calov,
2011). Therefore, these experiments allow to explore the effect of the Hudson Bay
closure on AMOC and the global and regional climate under different background

climate conditions.



Precession
.

Obliquity (°)

n
w

22

280

pmv)

£ 240

CO:z

200

160

o

—
o

N
o

NH ice volume
anomaly (10° km®)

w
o

6

Eccentricity

TN
o

T e S S T —T
400 500 600
Tir 2 (ka BP)

— T — T T —t
100 200 300

Fig. 2 Astronomical parameters (Berger «nd Loutre, 1991), CO> concentration (Luthi

et al., 2008) and simulated NH 7ce -olume anomaly as compared to the pre-industrial

one (Ganopolski & Calov, 2011, of the past 800 ka. The numbers of MIS stages are

indicated; the red vertical da hed lines indicate the nine selected dates.

Table 1. Astronoiaioal parameters (Berger & Loutre, 1991), GHG concentrations (Luthi

et al., 2008; Loulergue et al., 2008; Schilt et al., 2010), NH ice volume (Ganop

Calov, 2011) and the Hudson Bay status used in the 18 sensitivity experiments.
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At each date (and each pair), the astronomical parameters (Berger and Loutre,
1991), GHG concentrations (Luthi et al., 2008; Loulergue et al., 2008; Schilt et al.,
2010) and the NH ice sheet configurations (Ganopolski and Calov, 2011) are taken at
the values of this date for both experiments in each pair, the Antarctic ice sheet being
kept the same as the pre-industrial one. In the presence of land ice, albedo, topography,
vegetation and surface soil types corresponding to ice-covered condition (no vegetation

nor soil) were prescribed at corresponding model grids in LOVECLIM1.3. Fig. 3 gives



an example of the NH topography anomaly at 133 ka BP and 424 ka BP relative to the
pre-industrial conditions in the OHB and CHB experiments. The ice sheet data is from
the simulated results of Ganopolski and Calov (2011) and interpolated to LOVECLIM
grid. In addition, due to the large extent of North American ice sheet, the prescribed
river routes were disrupted. For the changes of the river routes over North America, we
follow the protocol for Last Glacial Maximum (LGM) experiments in the Paleoclimate
Modelling Intercomparison Project-Phase 4 (PMIP4) (Kageyama et al., 2017). For
instance, the river runoff that previously entered into the Hudson Bay was consequently
rerouted, partly northward entering into the Arctic Ocean ar na.*ly southward entering
into the Atlantic in both experiments in each pair.

(a) 133 ka BP  Topography (m) (a)474 ka 8P Topography (m)

OHB experiments

(c) 133 ka BP  ‘opu_raphy (m) (d) 424 ka BP

CHB experiments

10 250 500 750 1000 1250 1500 2000 2500

Fig. 3 Topography anomaly (m) at 133 ka BP and 424 ka BP relative to the pre-industrial
conditions in the OHB and CHB experiments. The ice sheet data is from the simulated

results of Ganopolski and Calov (2011) and interpolated to LOVECLIM grid.



Within each pair of experiments, the Hudson Bay is open in one experiment and is
closed in another one (hereafter they are referred as OHB and CHB respectively). In
the OHB experiments, the ocean-land mask was kept the same as the present-day one
(Fig. 4a), while the ocean over the Hudson Bay was changed to land in the CHB
experiments (Fig. 4b). As land ice covers only land grids in LOVECLIM1.3, the
Hudson Bay was covered by land ice in the CHB experiments, while it was still kept as
ocean in the OHB experiments.

All the 18 experiments were run for 2000 years to reach equilibrium, and the last
100-year average climatology was analyzed. In addition, ir ~rac to compare the effect
of the Hudson Bay closure with the effect of the X™h .ce sheets, the snapshot
experiments with the present-day ice sheets but the nsoiation and GHG at 133 ka BP
and 424 ka BP (hereafter they are referred as OG >xpc¢ riments) performed by Yin et al.
(2021), are also used in this study. The ~.%erence between the CHB and OHB
experiments gives the impact of the Hudcwn bay closure, and the difference between

the OHB and OG experiments gives .“e ‘mpact of the NH ice sheets.
(a) OHB ocean-lc nd mask (b) CHB ocean-land mask

|
180 150W 120W 9w 60W 180 150W 120W 90w 60w

Fig. 4 The ocean-land mask over North America in the OHB (a) and CHB (b)

experiments.

3. Results and discussion
3.1 The eftect of Hudson Bay closure on global and regional climate

Fig. 5 shows the sea surface temperature (SST) changes at the nine dates when the
Hudson Bay is closed, and they can be divided into two groups according to their
different characteristics. In group one which includes seven of the nine dates, 17, 133,

340, 538, 627, 719 and 794 ka BP, the NH becomes warmer with the largest warming



of ~4 °C in the Labrador Sea, whereas the oceans in the Southern Hemisphere (SH) get
cooler (Fig. 5). The mean SST over the eastern North Atlantic (40° N-80° N, 50° W-30°
E) increases with the maximum of about ~0.59 °C at 719 ka BP, and the average
warming of the seven dates is about ~0.45 °C. In group two which includes only 247
and 424 ka BP, the SST changes in the NH are very weak and even slightly opposite to
the changes in group one, with a cooling of ~0.03 °C and ~0.26 °C respectively in the
mean SST over the eastern North Atlantic. The changes in surface air temperature (SAT)
show a similar pattern with the SST changes in both group one and group two (Fig. 6).
In group one, there is a warming over most regions of the NH and a cooling in the SH.
Over the Labrador Sea, the SAT increases by ~6 °C. In grouy, « vo, the SAT change over
the eastern North Atlantic is very weak at 247 ka BP, anc the e is a cooling at 424 ka
BP. However, a large cooling of ~6 °C occurs over the i Tuds on Bay in both groups (Fig.
6), which is due to the replacement of ocean by ic~-cuered land over this region. On
the other hand, a warming occurs over the Baffin r.~+, Davis Strait and north Labrador

Sea in both groups (Fig. 6), which is mainly c ae o the topography effect of the ice sheet

over the Hudson Bay that alters the atmos, heric stationary wave field.
(a) 17 ka BP SST (°C) () 13" kaFP  SST(C) (c) 247 ka BP SST (°C)
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Fig. 5. Impact of the Hudson Bay closure on annual mean sea surface temperature (SST)

at (a) 17 ka BP; (b) 133 ka BP; (c) 247 ka BP; (d) 340 ka BP; (e) 424 ka BP; (f) 538 ka



BP; (g) 627 ka BP; (h) 719 ka BP; (i) 794 ka BP. The difference between the CHB and
OHB experiments are shown. Stippling indicates the statistically 95% significant

changes by using a double sided t-test.
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Fig. 6. Same as Fig. 5 but 1.~ annual mean surface air temperature (SAT).

In addition to ten.oerature changes, the Hudson Bay closure also causes
precipitation change t global scale especially in the tropical regions. In group one,
there is more precipitation in the tropics of the NH and less precipitation in the tropics
of the SH (Fig. 7), which is related to a northward shift of the Inter-tropical
Convergence Zone (ITCZ). While in group two, the variation of the ITCZ is very weak
at 247 ka BP, and the ITCZ shifts southward at 424 ka BP, which leads to more
precipitation in the tropics of the SH and less precipitation in the tropics of the NH (Fig.
7).
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Fig. 7. Same as Fig. 5 but for annual mean tropical precipitation.

The results above show that the effect of the Hudson Bay closure could depend on
background climate conditions. In group one, a warming in the NH and a cooling in the
SH, and a northward shift of the ITCZ occur when the Hudson Bay is closed; while in
group two, these climate changes are very weak and even slightly opposite to the
changes in group one. In order to further investigate the mechanisms involved, the

results of 133 ka BP and 424 ka BP are analyzed in Section 3.2 to represent group one



and group two respectively for illustration, and our additional analyses show that the

processes are similar at the other dates of each group.

3.2 The forcing mechanisms for the global and regional climate changes

As mentioned above, the closure of the Hudson Bay causes a warming in the NH
and a cooling in the SH, and a northward shift of the ITCZ at 133 ka BP (similar results
are obtained for other dates in group one). The opposite change in temperature in the
two hemispheres and a northward shift of the ITCZ are associated with a strengthening
of AMOC (Fig. 8a). The increase of the AMOC strength is 8.4% at 133 ka BP, and the
average increase of the seven dates in group one is >..%. Accompanying the
strengthening of AMOC, more heat is transported into the +'brolar North Atlantic from
the tropical-subtropical Atlantic, leading to an increa.= o the northward meridional
heat transport (MHT). At 40° N in the North Atlar..> w ¢ Hudson Bay closure leads to
an MHT increase of 6.98% at 133 ka BP, and the av.-age increase of the seven dates in
group one is 6.22%.

(a)133kaBP  AMOC (Sv) (b)424 kaBP  AMOC (Sv)
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Fig. 8 Differences between the CHB and OHB experiments in Atlantic meridional
streamfunction at (a) 133 ka BP and (b) 424 ka BP.

In response to the enhanced northward MHT and the large warming in the Labrador
Sea (Fig. 9a and also Fig. 5, Fig. 6), sea ice substantially declines in the Labrador Sea
(Fig. 9¢), which would further enhance the warming. However, sea ice increases to the
southeast of Greenland due to more sea ice export from the Arctic (Fig. 9¢) which is
driven by northeasterly wind anomaly (Fig. 9b). The increased sea ice in turn leads to

a cooling to the southeast of Greenland (Fig. 9a and also Fig. 5, Fig. 6). This cooling



anomaly and the one over the Hudson Bay lead to subsidence anomaly over these
regions; the warming anomalies in the Labrador Sea and the northeast North Atlantic
lead to ascent anomaly over these regions (Fig. 9d). These ascent and subsidence
anomalies finally lead to more precipitation over both the northeast North Atlantic and

the Labrador Sea but less precipitation over the Hudson Bay and southeast of Greenland

(Fig. 9e).
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Fig. 9 Differences between the CHB and OHB experiments at 133 ka BP in: (a) SAT,
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ice increased regiors, (1) 650 hPa omega field indicating vertical motion in the
atmosphere (negative 1nomalies for ascent and positive anomalies for subsidence), and
(e) precipitation. Stippling indicates the statistically 95% significant changes by using

a double sided t-test.

To have a better understanding of the effect of the Hudson Bay closure at 133 ka
BP, it is essential to understand how it affects the AMOC. When the Hudson Bay is
closed, the evaporation minus precipitation is increased in the Labrador Sea (Fig. 10a)
due to the strongly increased evaporation, which is related to the largest warming there
(Fig. 9a and also Fig. 5, Fig. 6), and the sea surface water becomes saltier in the

Labrador Sea (Fig. 10b), leading to denser surface water (Fig. 10c), and finally stronger



deep convection there (as diagnosed by mixed layer depth; Fig. 10d). Again, the results
of other dates in group one (not show) are similar with the results at 133 ka BP. The
Labrador Sea is one of major centers for deep-water formation in the North Atlantic
(e.g. Thornalley et al., 2018) and also in LOVECLIM1.3 (Yin et al., 2021). The stronger

deep convection in the Labrador Sea leads to a more vigorous AMOC.
(a)E-P (cmfyr) (b) SSS (PSU)

10 -2 0 2 10 20

15 5 1 1 5 15

-15 -05 05 15 25

-20

(c) Density (kg/m?)
%_/’ ' - L e f e 7= , o

2

05 0 05 15 25
-200 -50 50 200 400
-100 0 100 300 500

-1 025025 1

T T
oo o aow £ s w aow 3

Fig. 10 Differences between the CHB and C H3 >xperiments at 133 ka BP in (a) E - P
(evaporation minus precipitation), (b) 2SS, ‘c) sea surface density and (d) mix layer
depth. Stippling indicates the statistica: v 95% significant changes by using a double

sided t-test.

On the other hand, as men..oned above, the effect of the Hudson Bay closure at
424 ka BP is slightly op,~osit. as compared to that at 133 ka BP, which causes a cooling
in the NH and a sout"wa d shift of the ITCZ at 424 ka BP. However, both the AMOC
(Fig. 9b) and the nort'.ward MHT at 40° N in the North Atlantic vary very small (less
than 1%) at 424 ka BP. The cooling in the NH and a southward shift of the ITCZ at 424
ka BP should be related to the cooling over the Hudson Bay (Fig. 6) which could cool
the climate locally and also in the mid-high latitudes through atmospheric circulations
and sea ice feedbacks. The different effect of the Hudson Bay closure on the global and
regional climate in group one and group two must be related to differences in
background climate conditions. However, a simple relationship is hard to be found

mainly due to the joint effect of several different forcing factors (Fig. 2 and Table 1).



3.3 Comparison of the effect of Hudson Bay closure with the effect of ice sheets

In order to assess the effect of the Hudson Bay closure in comparison with the
effect of the property changes of the ice sheets themselves, we compare their respective
effects on the annual mean SST and SAT using the results at 133 ka BP and 424 ka BP
(Fig. 5, Fig. 6 and Fig. 11).

(a) 133 ka BP SST (°C) (b) 133 ka BP SST (°C)
Lyl L L Ly

R
18 150W ' W 6OW W 0 XE 60E S0E 120E 150E 180

Fig. 11 The combined effect of the NI' icc sheets and Hudson Bay closure on
temperature at 133 ka BP, and the ina. 7ic aal effect of the NH ice sheets on temperature
at 133 ka BP and 424 ka BP. (a) S>™ anomaly and (d) SAT anomaly between the CHB
and OG experiments, (b, ¢) SS\' momaly and (e, f) SAT anomaly between the OHB
and OG experiments. Stippli.o indicates the statistically 95% significant changes by

using a double sided t-test.

As compared to .he pre-industrial condition (PI), the NH ice volume increases by
23.04 and 16.52 million km? at 133 ka BP and 424 ka BP respectively (it is 36.93 million
km? for the Last Glacial Maximum) (Ganopolski and Calov, 2011). The large NH ice
sheets at these dates cause substantial cooling almost everywhere over the globe,
especially in the high latitudes and over the ice sheets. Over the Labrador Sea, the SST
decreases by ~7 °C and SAT decreases by ~10 °C at 133 ka BP (Fig. 11). The cooling
in the NH at 424 ka BP is smaller than that at 133 ka BP, which is mainly due to its
smaller NH ice sheets. However, there is a notable warming in the northern North
Pacific in both SST and SAT. This warming has also been found in the ice sheets

experiments of other studies (e.g. Yin et al., 2009; Muri et al., 2012; Ullman et al., 2014)



and it is related to the topography effect of the North American ice sheet, which
significantly alters the atmospheric stationary wave field and induces an increased
energy-flux convergence in the northern North Pacific (e.g. Ullman et al., 2014; Liakka
and Lofverstrom, 2018; Shi et al., 2020).

As compared to the effect of the NH ice sheets, the effect of the Hudson Bay closure
could be quite significant, especially in the northern North Atlantic region and the
surrounding continents (Fig. 5, Fig. 6 and Fig. 11). For example, at 133 ka BP, the SST
increases by ~4 °C over the Labrador Sea and ~1.1 °C over the North Atlantic (40° N-
80° N, 90° W-30° E) when the effect of the Hudson Bay cl~~u1. is considered, while it
decreases by ~7 °C over the Labrador Sea and ~2.1 °C' ~ve, the North Atlantic when
the effect of the NH ice sheets is considered. Howeer, as showed in Section 3.1, the
effect of the Hudson Bay closure could var, according to background climate
conditions. It causes strong warming in the *orth Atlantic in most cases, but it could
also lead to slight cooling or be very weak. Thus, in glacial climate simulations, the ice-
sheet-induced cooling in the North Atluntic and a large area of the NH would be
weakened (like in group one) or wi> no obvious change and even be slightly reinforced
(like in group two) if the effect ¢f .he Hudson Bay closure is considered, depending on
background climate conditini.: For example, at 133 ka BP, the cooling in the Labrador
Sea would be significantly decreased under the combined effect of NH ice sheets and

Hudson Bay closure. as « ompared to the individual effect of NH ice sheets (Fig. 11).

4. Conclusions

In this study, the effect of Hudson Bay closure on AMOC and on global and local
climate during different glacial times is investigated using the model LOVECLIM1.3.
The model results show that, at 133 ka BP (other dates in group one show similar
results), the Hudson Bay closure could lead to an intensification of the AMOC mainly
due to the increased evaporation minus precipitation over the Labrador Sea which leads
to saltier water and stronger deep convection in the Labrador Sea. The intensification
of AMOC in turn leads to a warming in the NH especially in the Labrador Sea and

northeast North Atlantic, a cooling in the SH, and a northward shift of the ITCZ.



However, the effect of the Hudson Bay closure on AMOC and on global climate
depends to some degree on background climate conditions. For example, its effect is
opposite at 424 ka BP as compared to that at 133 ka BP.

In addition to the large-scale climate changes related to the variations of AMOC,
the closure of Hudson Bay also leads to notable local cooling in all the experiments.
The change of the Hudson Bay from ocean to ice-covered land causes a strong cooling
over the Hudson Bay region due to the modifications of surface properties and elevation.
It also leads to a cooling to the southeast of Greenland due to more sea ice export from
the Arctic driven by northeasterly wind anomaly.

The large-scale climate response to the NH ice sheeic 1. vur model is similar to the
results obtained in other models. As compared to th> eucct of the NH ice sheets that
existed during the studied glacial times, the effect ~f'th : Hudson Bay closure also could
be very significant, especially in the nortb..n North Atlantic and the surrounding
continents. In glacial climate simulations, the ice-sheet-induced cooling in the North
Atlantic and in the NH would be wea. =r :d or even be slightly enhanced if the effect of

the Hudson Bay closure is conside: >4, depending on background climate conditions.
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Highlights:

The closure of the Hudson Bay could lead to a strengthening of the Atlantic
Meridional Overturning Circulation.

The effect of the Hudson Bay closure could be quite significant as compared to the
effect of ice sheets.

The effect of the Hudson Bay closure depends on background climate conditions.



