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Key Points: 11 

 We model future sea level and tide changes in Hudson Bay, Canada due to continental ice 12 

loss from past and present ice sheets. 13 

 The magnitude and sign of future sea level and tide changes in Hudson Bay depend on 14 

the evolution of the Antarctic Ice Sheet.  15 

 Water depths in Hudson Bay could increase by 14.5 meters by 2500 if the Antarctic Ice 16 

Sheet undergoes rapid retreat.  17 
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Abstract 18 

Past and modern large-scale ice sheet loss results in geographically variable sea level changes. 19 

At present, in Hudson Bay, Canada, sea level is decreasing due to glacial isostatic adjustment, 20 

which represents a departure from the globally averaged sea level rise. However, there are large 21 

uncertainties in future sea level trends with further polar ice sheet retreat in the coming centuries. 22 

Sea level changes affect ocean tides considerably because tides are highly sensitive to changes in 23 

bathymetry. Here, we present multi-century sea level projections associated with a suite of past 24 

and future ice loss scenarios and consider the impact of these changes on ocean tides using an 25 

established tidal model. Modern tides in Hudson Bay are poorly resolved due to large 26 

uncertainties in bathymetry. To establish an initial condition for our simulations, we constrain 27 

bathymetry in the bay using tide observations. Due to gravitational, Earth rotational and 28 

deformational effects, Greenland ice loss will produce a small sea level fall in the bay, while 29 

Antarctic ice loss will produce a larger than average sea level rise. Our results show that the 30 

response of the Antarctic Ice Sheet to climate change strongly impacts the magnitude and sign of 31 

future sea level and tidal amplitude changes in the region, with the largest changes predicted in 32 

Hudson Strait and Foxe Basin. We emphasize that further constraints on bathymetry and accurate 33 

projections of sea level and tides in Hudson Bay are imperative for assessing the associated 34 

impacts on coastal communities and ecosystems. 35 

 36 

Plain Language Summary 37 

Hudson Bay is a shallow bay in northern Canada surrounded by coastal communities and 38 

ecosystems that are vulnerable to future sea level change. The bay was ice covered 21,000 years 39 

ago, and sea level is currently falling there due to ongoing land uplift since the ice retreated. It is 40 

unclear if this trend will continue as the Greenland and Antarctic Ice Sheets melt, contributing to 41 

spatially variable sea level changes. Sea level changes also impact ocean tides due to their 42 

sensitivity to water depth. We model future sea level and tide changes in the Hudson Bay region 43 

associated with land uplift and projections of Greenland and Antarctic ice loss over the next 500 44 

years. With less Antarctic ice loss, sea level continues to fall and tidal amplitudes decrease. 45 

Conversely, high-end projected Antarctic ice loss could increase water depths in Hudson Bay by 46 

up to 14.5 meters by 2500 and tidal amplitude changes could exceed 1 meter, increasing in much 47 

of Hudson Bay while decreasing in Hudson Strait. A better understanding of the response of 48 

Antarctica to climate change will improve projections of sea level and tide changes in the Arctic 49 

and the associated societal and environmental impacts.  50 

1. Introduction 51 

Global mean sea level rise has accelerated in recent decades (Chen et al., 2017; Hay et 52 

al., 2015; Nerem et al., 2018), and this acceleration is expected to continue as global 53 

temperatures rise, resulting in thermal expansion of the oceans and melting of mountain glaciers 54 

and the polar ice sheets (Church et al., 2013; Clark et al., 2015; Slangen et al., 2016). Of these 55 

contributors, the Greenland and Antarctic Ice Sheets hold the largest potential to increase global 56 

mean sea level (WRCP Sea Level Working Group, 2018), and are expected to be the dominant 57 

contributors to global mean sea level rise on multi-century timescales (Church et al., 2013; 58 

Golledge et al., 2015). Regional sea level changes associated with ice loss can differ 59 

substantially from the global mean, due to gravitational, Earth deformational, and rotational 60 
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effects (e.g. Clark & Lingle, 1977; Gomez et al., 2010; Mitrovica et al., 2001). Furthermore, past 61 

(ice age) ice cover changes lead to ongoing glacial isostatic adjustment (GIA) that contributes to 62 

regional variability in sea level change. GIA effects can be considerable in regions such as the 63 

Hudson Bay Complex (HBC, defined here as Hudson Bay, James Bay, Foxe Basin and Hudson 64 

Strait, Figure 1a) in northern Canada that were once ice covered during the Last Glacial 65 

Maximum. In the HBC, sea level is presently falling due to GIA, but it is unclear if this trend 66 

will continue in the coming centuries due to the large uncertainties in the future evolution of the 67 

polar ice sheets, in particular the Antarctic Ice Sheet (e.g. Church et al., 2013; DeConto & 68 

Pollard, 2016; Golledge et al., 2015). 69 

Here, we define sea level as the height of the sea surface relative to the solid Earth 70 

surface, or equivalently, ocean bathymetry. Global and regional patterns of sea level change have 71 

been shown to have a strong influence on ocean tides (e.g., Padman et al. 2018; Wilmes et al., 72 

2017), because tides travel as shallow water waves, which are sensitive to ocean bathymetry. 73 

Changes in ocean bathymetry (caused by changes in sea surface height and/or the shape of the 74 

sea floor) can lead to changes in tidal wave propagation speed, energy dissipation, and 75 

amplitudes (Green, 2010). Variations in sea level and the associated changes in ocean tides can, 76 

in turn, affect other coastal processes and ecosystems such as the development of salt marshes, 77 

coastal erosion, frequency and magnitude of flood events, and saltwater intrusion of surface 78 

water (Craft et al., 2009; Kirwan & Guntenspergen, 2010; Kirwan et al., 2010; Kirwan & 79 

Megonigal, 2013; Nicholls & Cazenave, 2010; Ross et al., 2017). Finally, Arctic and sub-Arctic 80 

indigenous communities surrounding the HBC are among the most vulnerable to climate change 81 

(IPCC, 2014), with their livelihoods and food sources critically impacted by coastal changes (e.g. 82 

Lemmen et al., 2016; Tsuji et al., 2009, 2016).  83 

Projections of future sea level change in the HBC due to climate change have been 84 

relatively limited. Gough (1998) suggested that sea level in Hudson Bay could begin to increase 85 

in the current century as the global mean sea level rise associated with climate change outpaces 86 

the sea level fall due to glacial isostatic uplift. However, Gough’s simple model did not capture 87 

the spatial variability in sea level change that arises from melting current ice sheets. More 88 

recently, Tsuji et al. (2009, 2016) and Lemmen et al. (2016) calculated the spatially variable sea 89 

level change and suggested that glacial isostatic uplift would persist in parts of the HBC in the 90 

coming centuries but did not consider a wide range of possible climate-driven sea level changes. 91 

Recent work has shown that even under the same climate forcing scenario, Representative 92 

Concentration Pathway (RCP) 8.5, projections of Antarctica’s contribution to global mean sea 93 

level rise range from 2.25 m to 15.65 m by 2500 (DeConto & Pollard, 2016; Golledge et al., 94 

2015, 2019). Given this large uncertainty, it is unclear what the dominant contributor to sea level 95 

change in the HBC will be, or even what the sign of sea level change will be. Furthermore, due 96 

to the relatively shallow bathymetry in the HBC, and the low-lying topography that surrounds 97 

the bay (Figure 1a), a small rise or fall in sea level will result in a large shoreline migration, 98 

amplifying the HBC’s sensitivity to uncertainty in future sea level change.  99 

Previous regional studies have investigated future sea level and tide changes on the 100 

European Shelf (e.g., Idier et al., 2017; Pelling & Green, 2014; Pickering et al., 2012), the 101 

Patagonian Shelf (Carless et al., 2016), the Gulf of Maine (Pelling & Green, 2013), the Gulf of 102 

Mexico (Passeri et al., 2016), and the Bohai Sea in China (Pelling et al., 2013), but studies of the 103 

HBC are lacking. The HBC is a particularly interesting region with regards to ocean tides. The 104 

tidal range of Ungava Bay in Hudson Strait (16.8 m ± 0.2 m, Drinkwater, 1986), rivals that of the 105 

Bay of Fundy (17.0 m ± 0.2 m, O’Reilly et al., 2005), as the region with the largest tidal range in 106 
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the world. Furthermore, Egbert & Ray (2001) found that more tidal energy is dissipated in the 107 

HBC alone than in any other region in the world. This is because the HBC is near resonant at the 108 

semi-diurnal tidal forcing frequency (Arbic et al., 2007; Webb, 2014), producing large semi-109 

diurnal tides (exceeding 4 m amplitudes in some areas, Figure 1b) that are further amplified due 110 

to the HBC’s location on a continental shelf (Clarke & Battisti, 1981). The resonant properties of 111 

the HBC and its shallow continental shelf sea character can strongly influence deep ocean tides 112 

in the connecting Atlantic Ocean (Arbic et al., 2009; Arbic & Garrett, 2010), so any large-scale 113 

change in the HBC can have consequences far away from the region. Previous work on 114 

paleotides in the region indicated a strong sensitivity of ocean tides to changes in sea level (Arbic 115 

et al., 2004; Egbert et al., 2004; Uehara et al., 2006). However, modern tides in the HBC are not 116 

well resolved due to limited bathymetry data that can be used to constrain models (Egbert & 117 

Ray, 2001). Projecting future tides therefore requires, as a first step, an appraisal of the 118 

performance of available bathymetry models in reproducing modern tides in the HBC. 119 

Wilmes et al. (2017) showed that a future complete collapse of the Greenland and West 120 

Antarctic ice sheets would strongly impact tides globally, and that simulations that take into 121 

account spatial variability in sea level change differ substantially from those that assume the 122 

global average equivalent rise. In particular, in Hudson Bay, the spatially variable sea level 123 

change associated with Greenland ice loss is opposite in sign to the uniform global average sea 124 

level rise scenario, which, in turn, results in large differences in predicted tidal changes. 125 

Furthermore, they show that spatially variable changes in sea level, and in turn tidal amplitudes 126 

in much of the HBC are positive under West Antarctic ice sheet collapse and negative under 127 

Greenland ice sheet collapse. 128 

As a complete collapse of the Greenland and West Antarctic ice sheets represents a long 129 

term, upper bound on their contribution to sea level change, a question arises: How will future 130 

sea level and tides in the HBC evolve under combined, transient melting of the ice sheets in the 131 

coming centuries? Greenland’s contribution to sea level change, which is not expected to exceed 132 

20 cm of global mean sea level equivalent by 2100 (Church et al., 2013; IPCC, 2019), is 133 

predominantly driven by surface mass balance, followed by ice discharge via icebergs (Church et 134 

al., 2013; IPCC, 2019). The HBC is relatively insensitive to Greenland ice loss due to its close 135 

proximity to the net-zero sea level change line associated with gravitational effects that arise 136 

from Greenland melting. Conversely, the dynamic response is expected to dominate sea level 137 

changes due to Antarctic ice loss, but the future contribution from Antarctica remains highly 138 

uncertain due to the lack of observations to constrain models and an incomplete description of 139 

ice sheet-ocean-atmosphere interactions in current models (Kopp et al. 2017; IPCC, 2019). 140 

Projections range from tens of centimeters to more than 10 m global mean sea level equivalent 141 

over multi-century timescales (e.g., Golledge et al., 2019; Pollard et al., 2017). In contrast to 142 

Greenland melting, gravitational effects due to Antarctic ice loss will lead to a larger-than-143 

global-average sea level rise in the HBC. Here, we investigate to the opposing influence of 144 

gravitational effects and the large uncertainty in Antarctic projections on sea level and tide 145 

changes in the HBC. We consider a single contribution from the Greenland Ice Sheet and low- 146 

and high-end possible contributions to sea level change from the Antarctic Ice Sheet under 147 

RCP8.5 climate warming. On decadal timescales, sea level changes will likely be dominated by 148 

GIA, but on centennial timescales, the contribution from ice sheets could exceed GIA, in 149 

particular under high-end warming scenarios. This transition from a regime of sea level fall to 150 

one of rise, and the associated changes in tides, is important to consider in assessing coastal 151 

climate change impacts and develop adaption strategies. 152 
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The paper is structured as follows. In section 2, we describe the ice loss and sea level 153 

projections and the tide model setup. Due to the sensitivity of tides to bathymetry, we discuss 154 

constraints on modern bathymetry in the HBC in section 3 and present a bathymetry model that 155 

improves modern non-assimilative tide simulations. In section 4, we present predictions of future 156 

sea level changes associated with future retreat of the polar ice sheets and ongoing GIA and the 157 

associated tidal changes in the HBC. We conclude with a discussion in section 5. 158 

 159 

2. Methods 160 

2.1 Sea level and ice sheet modelling 161 

 We adopt the sea level theory from Kendall et al. (2005) and Gomez et al. (2010) to 162 

predict the spatially variable sea level changes resulting from past and future ice cover variations 163 

using a gravitationally self-consistent sea level model that incorporates viscoelastic deformation 164 

of the solid earth due to surface ice and ocean mass loading, migrating shorelines, and Earth 165 

rotational effects. Elastic and density structure of the solid Earth in all simulations is provided by 166 

the Preliminary Reference Earth Model (PREM) (Dziewonski & Anderson, 1981) and viscosity 167 

structure is given by the VM2 Earth model (Peltier, 2004) unless otherwise specified. The 168 

modern topography that serves as input to the sea level model is taken from GEBCO 2014 169 

(Weatherall et al., 2015) globally, with the composite regional bathymetry described below over 170 

the HBC. All calculations are performed up to spherical harmonic degree 512.  171 

We simulate the future evolution of the polar ice sheets in Greenland and Antarctica with 172 

dynamic ice sheet models. We focus on projections adopting RCP 8.5 (Collins et al., 2013), 173 

representing the business-as-usual emissions scenario as it serves as the upper bound of expected 174 

global temperature increase, and hence contribution of the ice sheets to sea level change in the 175 

HBC. Furthermore, by considering a single RCP scenario, we highlight the variability that 176 

emerges among ice loss and sea level projections that are guided by the same emissions 177 

framework. 178 

Greenland and Antarctic ice thickness projections are generated using the Parallel Ice 179 

Sheet Model (PISM) version 0.7.3, a hybrid ice model with shallow shelf-shallow ice 180 

approximations for floating and grounded ice (Winkelmann et al., 2011). Following the 181 

procedure outlined in Golledge et al. (2019), future climate forcing on the ice sheets is driven by 182 

the Coupled Model Inter-comparison Project Phase 5 (CMIP5) multi-model ensemble mean 183 

outputs. The ice sheet model simulations are performed on a high-resolution (2.5 km for 184 

Greenland and 5 km for Antarctica) polar stereographic grid. We apply a Gaussian smoothing 185 

filter on the changes in total (floating and grounded) ice thicknesses, then interpolate ice 186 

thickness predictions onto a lower resolution Gauss-Legendre 512 x 1024 global grid, to serve as 187 

input to the sea level model. We consider the Antarctic projection from Golledge et al. (2019) as 188 

the low-end projection of future Antarctic ice loss under RCP8.5 (henceforth the “low-end” 189 

scenario). We also consider an alternative simulation for the Antarctic Ice Sheet that predicts 190 

much greater ice loss under RCP8.5. This high-end projection of Antarctic ice thickness changes 191 

(hereafter referred to as the “high-end” scenario) is provided by a simulation in Pollard et al. 192 

(2017) using a coupled ice sheet – sea level model that includes ice cliff and hydrofracturing 193 

physics and a hybrid combination of shallow ice-shallow shelf approximations for ice dynamics. 194 

Ice thickness variations are provided by the ice model at 20 km resolution and then linearly 195 

interpolated onto the global 512 x 1024 grid. 196 

To fully quantify the sea level changes in Hudson Bay, we also incorporate the 197 

contribution of ongoing GIA associated with past ice cover changes over the last deglaciation, 198 
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which, in our simulations, spans the time period of 21,000 years ago to the year 2000 (henceforth 199 

the modern). We model ice loading changes over the last deglaciation by adopting the ICE-5G 200 

ice history with the VM2 Earth model (Peltier, 2004) and the ICE-6G ice history with the VM5a 201 

Earth model (Argus et al., 2014; Peltier et al., 2015). Each simulation was run from 21,000 years 202 

ago to 500 years in the future, and the predictions of change from the modern to the year 2500 203 

were added to the sea level changes associated with future ice sheet retreat described above (see 204 

Figure S1 for a comparison of ICE-5G and ICE-6G).  205 

The total sea level change is calculated as the sum of the contributions from Greenland, 206 

Antarctica, and GIA. Note that our projections do not include oceanographic effects. In the 207 

current century, these are expected to contribute a relatively uniform sea level rise in the bay 208 

under future climate warming (Jevrejeva et al., 2016), but the magnitude, timing and spatial 209 

variability of these changes is challenging to simulate in the HBC on multi-century timescales. 210 

While these effects would alter the timing of the change from a sea level fall to a sea level rise, 211 

they would likely not offset the overall effect of transitioning from a sea level fall to a sea level 212 

rise. In addition, the size of the contribution is well within the range of Antarctic contributions 213 

considered here. Shorter timescale simulations should include the influence of ocean dynamics 214 

on sea level and tides.  215 

 216 

2.2 Tide modelling 217 

 We use the Oregon State University Tidal Inversion Software (OTIS) (Egbert et al., 218 

1994; 2004) to model present-day and future tides in Hudson Bay. OTIS solves the linearized 219 

shallow water equations forced by the tidal potential and with energy dissipation from bed 220 

friction and parameterized tidal conversion (e.g., Green & Nycander 2013; see Wilmes et al., 221 

2017 for details on the model setup).  222 

The HBC tide model was run at 1/30° x 1/30° horizontal resolution and simulated the 223 

tidal constituents M2, S2, and K1. The extent of the model domain is shown in Figure 1. 224 

Dissipation of tidal energy was calculated according to Egbert and Ray (2001; see also Wilmes 225 

et al., 2017 for a detailed description). For the present-day simulations, TPXO8 (Egbert & 226 

Erofeeva, 2002; see http://volkov.oce.orst.edu/tides/tpxo8_atlas.html for the latest version) 227 

elevations were used as forcing at the open boundaries. TPXO8 is an observation constrained 228 

tide model solution that assimilates tide gauge observations and satellite altimetry to produce a 229 

highly accurate estimate of the tides (~2 cm RMS error compared to un-assimilated tide gauge 230 

data; see Egbert & Erofeeva, 2002, and Stammer et al., 2014 for details). 231 

For the future tide simulations, sea level change predictions described in section 2.1 are 232 

added to the present-day bathymetries for both HBC and the global setup. Simulations are 233 

performed for 2100, 2300, and 2500 under low-end and high-end Antarctic contributions. 234 

Elevation changes in response to each of the future sea level change scenarios simulated by a 235 

near-global (86° S - 89° N) tidal model (see next paragraph) were added to the boundary 236 

conditions used for the present-day simulations, thereby ensuring a high degree of accuracy for 237 

high-resolution HBC future simulations. We carry out two sets of runs for each time slice: one 238 

where flooding of low-lying land is permitted (denoted ‘flood’) and a second one where flooding 239 

is not permitted (‘no-flood’). 240 

The near-global tide model simulations were also run with OTIS (see Wilmes et al., 2017 241 

for details on linearized shallow wave equations, and internal drag and SAL parameterizations). 242 

The underlying bathymetry is RTopo-2 (Schaeffer et al., 2016) and the model is run at 1/8° x 243 

1/8° horizontal resolution for 21 days to simulate M2, S2 and K1. The M2 amplitude errors when 244 

http://volkov.oce.orst.edu/tides/tpxo8_atlas.html
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compared to TXPO8 are 5.6 cm globally and 2.8 cm in the deep ocean (see Table S1). Integrated 245 

M2 tidal dissipation for the global and deep ocean is within 6 % and 7 %, respectively, of values 246 

computed for TPXO8, despite the very different resolutions in the shelf seas (TXPO8 has a 247 

resolution of 1/30 degree in most shelf seas; see also Egbert and Ray, 2001). Simulations using 248 

the same sea level scenarios as for the regional model were carried out with the near-global 249 

model and used as boundary conditions for the regional model simulations. Land-ocean 250 

boundaries in this case were kept constant (i.e., land was not permitted to flood) due to the low 251 

resolution of the model. 252 

 253 

3. Constraining Modern Bathymetry 254 

Numerical prediction of tides in near-resonant basins, such as Hudson Bay, are strongly 255 

sensitive to the adopted ocean bathymetry (Egbert & Ray, 2001; Green, 2010; Padman et al. 256 

2018). Therefore, in order to project future tide changes, we require an accurate estimate of 257 

modern bathymetry. Bathymetry in the HBC is poorly constrained due to the sparsity of 258 

available data, related to the HBC’s shallow depths, spatial extent, and limited commercial 259 

shipping routes. Furthermore, there is substantial disagreement between global bathymetry 260 

datasets in the HBC (Figure S2); differences between datasets reach up to 200 m in some areas 261 

of the complex. As a result, tide models struggle to accurately capture the tides in the region.  262 

Given the lack of available data to distinguish between these bathymetry models, we seek 263 

to simultaneously find a bathymetry to use for (future) projections and to improve non-264 

assimilative modelling of the modern tides in HBC. To do this, we simulate modern tides in the 265 

HBC using the configuration described in 2.2 with a suite of different bathymetry models 266 

GEBCO 2008 (see The GEBCO_2008 Grid, version 20100927, www.gebco.net), GEBCO 2014 267 

(Weatherall et al., 2015), ETOPO1 (Amante & Eakins, 2009), and SRTM30_Plus (Becker et al., 268 

2009) and evaluate their performance, focusing on Hudson Bay and Strait.  269 

Figure 2a-d shows the difference between the simulated M2 tidal amplitudes using the 270 

four bathymetry datasets considered (ETOPO1, GEBCO 2008, SRTM30_Plus, and GEBCO 271 

2014) and the TPXO8 amplitudes. We calculate the root mean square complex elevation errors 272 

(RMSEs) against 14 tide gauges (see Text S1 for details and Figure 2 for their locations), 273 

TPXO8 and TPXO9 (see https://www.tpxo.net/global/tpxo9-atlas for details and the latest 274 

version) to evaluate the performance of bathymetry models in reproducing modern tides over the 275 

global domain (see Table 1 for a quantification of the errors). Amplitude and phase RMSEs are 276 

shown in Tables S2 and S3 for all ocean depths (total RMSE) and deep oceans regions (water 277 

depths > 500 m, deep RMSE). 278 

The simulation using ETOPO1 produced the largest elevation and amplitude errors of all 279 

the simulations (Figure 2a and Table 1), with amplitudes differing from TPXO8 by more than 1 280 

m in Hudson Strait and James Bay. Both GEBCO 2008 (Figure 2b) and GEBCO 2014 (Figure 281 

2d) perform well in Hudson Strait, each with mean amplitude differences of 21 cm and 15 cm in 282 

Hudson Strait, respectively. In Hudson Bay, SRTM30_Plus (Figure 2c) matches more closely 283 

than the GEBCO simulations, differing from TPX08 with a basin amplitude RMSE of 7 cm. The 284 

largest amplitude errors in all simulations are in Hudson Strait, where there are also the largest 285 

differences in depths between datasets (Figure S2) and the largest tidal amplitudes (Figure 1b).  286 

To improve the accuracy of our non-assimilative tidal simulations, we develop a 287 

composite bathymetry (Figure 2e) based on how well each existing bathymetry dataset 288 

performed regionally in the comparison to TPXO8 in the HBC. Our composite bathymetry 289 

merges, using linear weighting, SRTM30_Plus bathymetry in Hudson Bay and GEBCO 2008 290 

https://www.tpxo.net/global/tpxo9-atlas


Confidential manuscript submitted to Journal of Geophysical Research: Oceans 

 

bathymetry elsewhere in the HBC. The amplitudes of the tide simulation adopting the composite 291 

bathymetry differ from TPX08 in Hudson Bay on average by 6 cm. The largest amplitude errors 292 

in James Bay and Foxe Basin are less than ± 25 cm, with mean errors of 5 cm and 13 cm, 293 

respectively. Our composite bathymetry improves the amplitude fit in Hudson Strait, with an 294 

average amplitude difference of 20 cm when compared to TPXO8. Furthermore, we find that our 295 

composite, regional bathymetry substantially reduces elevation errors both in comparison to tide 296 

gauges, TXPO8 and TXPO9 (Table 1) and also both total and deep RMSE for amplitudes and 297 

phases ( Table S3) for all simulated constituents. Consequently, we adopt this composite, modern 298 

bathymetry in the future sea level and tide projections shown in the sections to follow.  299 

 300 

4. Results 301 

4.1 Sea level change 302 

 Figure 3 shows the projected contributions to sea level change in the HBC associated 303 

with GIA and melting from the Greenland Ice Sheet and Antarctic Ice Sheet for the three time 304 

slices 2100, 2300 and 2500. The contribution from GIA (Figure 3a-c) shows a sea level fall 305 

across the HBC. James Bay and Churchill, Manitoba regions experience the maximum predicted 306 

sea level fall (see Figure 1a), with a magnitude of 1.2 m in both regions by 2100, and 5.9 m and 307 

5.7 m respectively, by 2500. In Foxe Basin, sea level fall associated with GIA reaches 0.9 m by 308 

2100, and 4.3 m by 2500. The sea level fall is driven by the larger thickness of the Laurentide Ice 309 

Sheet during the Last Glacial Maximum in these regions and the later termination of 310 

deglaciation. Hudson Strait sees a more moderate fall of 0.3 m by 2100 and 1.5 m by 2500. In 311 

contrast, to the east of the HBC in Davis Strait region, sea level rises over the 500-year GIA 312 

simulation (red regions in Figure 3a-c) due to the subsidence of peripheral bulges that formed 313 

around the ice sheets at the Last Glacial Maximum in our ICE-5G simulation.  314 

Next, we consider the contribution from melting of the polar ice sheets (Figure 3d-l). 315 

There are a number of physical effects contributing to the differences in sea level change in the 316 

HBC associated with Greenland (Figure 3d-f) and Antarctic (Figure 3g-l) ice loss. An ice sheet 317 

exerts a gravitational attraction on the surrounding water, and this attraction weakens as the ice 318 

sheet loses mass, resulting in a local sea level fall within ~2000 km of the ice loss (Woodward, 319 

1888). At greater distances from the source of ice loss, sea level rises more the global average 320 

(Tamisiea & Mitrovica, 2011). Viscoelastic uplift of the solid Earth in and around the region of 321 

ice loss further accentuates the local sea level fall, and deformation of the Earth due to loading of 322 

the oceans with water and changes in the planet’s rotation associated with surface mass 323 

redistribution add geographic variability to the sea level change farther away from the ice sheet. 324 

In our simulations, the Greenland Ice Sheet is projected to contribute 0.10 m and 0.55 m of 325 

global averaged sea level rise by 2100 and 2500, respectively, but the HBC is within the zone of 326 

gravity-driven sea level fall for the Greenland Ice Sheet. Therefore, Greenland melting is 327 

projected to contribute a low amplitude drop in sea level across the HBC that decreases in 328 

amplitude with distance from Greenland. The smallest sea level decrease occurs in the south-329 

eastern part of the HBC (Figure 3d-f and Figure S3a) and the largest sea level fall can be seen in 330 

northern Foxe Basin (up to 0.7 m by 2500) and the northern Labrador Sea. In Hudson Strait, the 331 

projected sea level decrease reaches 0.5 m by 2500. Central Hudson Bay would experience up to 332 

a 0.2 m decrease in sea level by 2500. In James Bay, sea level remains unaltered by 2100, with a 333 

shift to a sea level rise by 2500 that does not exceed 0.10 m. The sea level fall due to Greenland 334 

melting is an order of magnitude smaller than that caused by GIA. Sea level in the HBC is hence 335 
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relatively insensitive to Greenland ice loss due to the fingerprint pattern and the proximity of the 336 

southern and western coasts of the HBC to the region of net-zero sea level change. 337 

Melting from the Antarctic Ice Sheet, on the other hand, would lead to a sea level rise in 338 

the HBC that is approximately 1.2 times greater than the global mean sea level equivalent rise 339 

associated with the melting, with a relatively uniform rise across the HBC ( Figure S3b). Figure 340 

3g-l show projected sea level changes in response to the low-end (Figure 3g-i) and high-end 341 

(Figure 3j-l) responses of the Antarctic Ice Sheet to the RCP8.5 scenario. Under the low-end 342 

simulation, Antarctic melting would lead to a maximum sea level rise in the HBC of 0.1 m by 343 

2100 and 2.1 m by 2500. The high-end scenario (j-l) predicts an order of magnitude larger sea 344 

level rise of up to 0.8 m by 2100 and 14.5 m by 2500 across the HBC. 345 

In Figure 4, we consider the sum of all the contributions shown in Figure 3 (see also 346 

Figure S4 for the total sea level change adopting ICE-6G). Under the low-end Antarctic ice loss 347 

scenario (Figure 4a-c), the sea level change at 2100, 2300, and 2500 is dominated by GIA 348 

effects. The largest sea level decreases are predicted in the regions where the signal from GIA is 349 

greatest (Figure 3a-c). At 2100 (Figure 4a), the magnitude of sea level fall ranges from 1.1 m in 350 

Churchill to 1.2 m in James Bay. In Hudson Strait, the amplitude of sea level fall is damped and 351 

on the order of 0.4 m. East of Hudson Strait in the Davis Strait, a slight rise is seen, where 352 

Antarctic ice loss and GIA are both contributing a sea level rise. By 2300 (Figure 4b), the sea 353 

level fall ranges from 1 m in central Hudson Bay up to 2.75 m in James Bay. Ungava Bay, at the 354 

entrance of Hudson Strait, is the only area in the HBC that experiences a sea level rise, reaching 355 

up to 0.4 m. Thus, despite that the largest sea level fall due to Greenland ice loss is predicted in 356 

the Hudson Strait (Figure 3d-f), in addition to the contribution from GIA, the rise associated with 357 

Antarctic ice loss is not compensated for. By 2500, the sea level fall across much of the HBC 358 

reaches 3 m. Our low-end simulation suggests a gradual extension of sea level rise into the HBC. 359 

By 2500, the extent of sea level rise spreads westwards from the Hudson Strait into Hudson Bay, 360 

where sea level rise is less than 0.5 m.  361 

The projection that incorporates the high-end Antarctic scenario is characterized by a 362 

transition from sea level fall to sea level rise across the HBC over the simulation time. At 2100 363 

under this high-end Antarctic scenario (Figure 4d), GIA still dominates in Hudson Bay, James 364 

Bay and northern Foxe Basin. In other regions of the HBC, the signal of sea level rise from 365 

Antarctic ice loss already begins to outpace the signal from GIA by 2100. We find that by 2200 366 

sea level has begun to rise across the entire HBC. Despite the large GIA signal in Foxe Basin and 367 

James Bay, our projections indicate that these regions would experience up to 3 m of sea level 368 

rise by 2200 and that sea level rise in other regions in the HBC reaches up to 4.5 m. In 2300 369 

(Figure 4e), a maximum sea level rise of 9.5 m is predicted in Ungava Bay in Hudson Strait, with 370 

the smallest rise of 6.3 m in James Bay. The magnitude of minimum sea level rise under the 371 

high-end scenario at 2300 is triple the magnitude of maximum sea level fall predicted from the 372 

low-end scenario. At 2500 (Figure 4f), sea level rise exceeds 14 m in some regions of Hudson 373 

Strait. In Foxe Basin, the projected 10 m rise by 2500 represents, on average, a 10 % increase in 374 

water depth, relative to present day. Moreover, the 9 m rise predicted for James Bay suggests a 375 

20 % increase in water depth relative to present day. As in 2300, we find that the magnitude of 376 

minimum sea level rise in James Bay and Foxe Basin under the high-end scenario in 2500 is 377 

three times the magnitude of maximum sea level fall calculated from the low-end scenario. 378 

 379 

4.2 Tides 380 
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In Figure 5, we present the M2 tidal amplitude changes associated with the total sea level 381 

changes shown in Figure 4. The tidal M2 amplitude responses differ substantially between the 382 

low-end (Figure 4a-c) and high-end (Figure 4d-e) Antarctic ice loss scenarios. For the low-end 383 

scenarios, all three time slices show a similar amplitude change pattern with changes increasing 384 

in magnitude from 2100 to 2500. Both the flood (Figure 5) and no-flood (Figure S8) runs show 385 

very similar amplitude change characteristics, therefore the description will be based on the 386 

simulations permitting flooding. Amplitudes increase in Hudson Strait and in the western half of 387 

Foxe Basin whereas decreases can be seen along most of the Hudson Bay margins.  388 

Under the low-end scenario and in Foxe Basin, where sea level deceases by ~1 m in 2100 389 

and by over 2 m in 2300 and 2500, respectively, occur, the amphidrome in the eastern part of the 390 

bay is shifted eastward due to increases in the energy fluxes into the eastern part of the bay (see 391 

panels a-c in Figures S9 and S10). Small decreases in the energy fluxes along the western margin 392 

of Hudson Bay can be seen which are associated with a small shift of the western amphidrome 393 

towards the western margin, thus decreasing amplitudes. The eastern amphidrome shifts north-394 

eastward leading to deceases in amplitudes along the eastern margin. In James Bay, the 395 

amphidrome in the east moves eastward and becomes degenerate, leading to increases in 396 

amplitudes in the south-east part of the bay.  397 

For the simulations adopting the high-end Antarctic ice loss scenario, the changes for the 398 

2100 simulation are small and will therefore not be discussed. For the 2300 and 2500 high-end 399 

scenarios (as in the low-end scenarios), the flood and no-flood responses are very similar. 400 

However, in the no-flood simulations the amplitude changes are larger, especially along the 401 

eastern margins of Hudson Bay and Foxe Basin (see Figure S8). In the flood runs, for both 2300 402 

and 2500 (see panels e and f in Figures 5 and S8), large amplitude decreases can be seen in 403 

Hudson Strait (exceeding 70 cm by 2500), in Ungava Bay and in the southern and northern parts 404 

of Foxe Basin (exceeding 1 m by 2500 in both regions). In eastern Foxe Basin and along the 405 

eastern margins of Hudson Bay, amplitudes increase by around 20-30 cm by 2500, whereas 406 

along the south-eastern margins of Hudson Bay amplitudes decrease by approximately the same 407 

amount. 408 

The amplitude decreases in Hudson Strait for 2300 and 2500 high-end Antarctic ice loss 409 

scenarios exceed 25 % and are associated with a strong decrease in energy fluxes through 410 

Hudson Strait and into Foxe Basin (see panels e and f in Figures S9 and S10). The decrease in 411 

energy fluxes together with increases in energy losses in the newly flooded areas around the 412 

margins of Foxe Basin shift the eastern amphidrome in Foxe Basin southward, thus increasing 413 

amplitudes in the easternmost part of the basin and decreasing amplitudes in the south. Similarly, 414 

energy fluxes along the western margins of Hudson Bay decrease, shifting both amphidromes 415 

westward and increasing amplitudes in the east of the bay. In James Bay, the decreased energy 416 

flux shifts the amphidrome north-westward increasing amplitudes in the south east of the bay and 417 

leading to decreases in the western half.  418 

Next we consider the impact on energy dissipation. For the low-end simulations, 419 

integrated dissipation over the area of HBC remains similar to present (Table S8). In the no-flood 420 

runs, dissipation remains constant at the present-day value of 232 GW with increases and 421 

decreases in Foxe Basin cancelling each other out in all three time-slices. In the flood runs, total 422 

dissipation increases by 5 % in the 2500 time slice. For the high-end scenarios, in contrast, the 423 

changes are much larger. In the no-flood runs, integrated dissipation of the HBC decreases by 23 424 

% by 2300 and 40 % by 2500. Nearly all of the decreases in dissipation are due to reduced 425 

energy losses in Foxe Basin, Hudson Strait and Ungava Bay. In the 2500 time-slice, these three 426 
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areas together experience a drop in dissipation of ~80 GW which explains the majority of the 427 

dissipation decrease. For the flood runs, the dissipation change picture is very similar (see panels 428 

e and f in Figures S11 and S12), however, the integrated dissipation changes by only 3 and 7 % 429 

for 2300 and 2500, respectively. In these runs, the energy losses in the newly flooded areas 430 

nearly balance the dissipation losses away from the margins. However, if the newly flooded 431 

areas are excluded, the same large dissipation decreases in the three basins emerge (see last two 432 

columns of Table S8). 433 

 434 

5. Discussion and Conclusions 435 

We have provided the first regional study of future sea level changes in the Hudson Bay 436 

associated with ice loss from the Greenland and Antarctic Ice Sheets and GIA and their impact 437 

on ocean tides in the region. We showed that both sea level and tides in the HBC are relatively 438 

insensitive to Greenland melting but strongly sensitive to Antarctic Ice Sheet evolution, with our 439 

simulations indicating a transition from a sea level fall to a sea level rise across the HBC that is 440 

dependent on the adopted Antarctic ice loss scenario. In this work, we focused on the RCP8.5 441 

emissions pathway, however more moderate warming scenarios such as RCP2.6 or RCP4.5 442 

could prolong the duration of sea level fall in the HBC. 443 

Our results indicate that the sea level fall associated with GIA contributes significantly to 444 

sea level change in the HBC and dominates under low-end Antarctic ice loss scenarios. HBC is 445 

dominated by sea level decreases (up to 1.2 and 3 m by 2100 and 2500, respectively). Hudson 446 

Strait is the only region that experiences sea level rise (up to 0.5 m by 2500). We found that the 447 

associated M2 tidal amplitude changes are less than 0.2 m in the HBC by 2500, with tidal 448 

amplitude increases in Foxe Basin and western Hudson Strait, and tidal amplitude decreases 449 

across Hudson Bay, James Bay, and Ungava Bay in Hudson Strait. We have shown that small 450 

migrations of the amphidromic points are responsible for the observed changes in the M2 tides.  451 

Conversely, GIA does not compensate the projected sea level rise under more rapid 452 

Antarctic ice loss in our high-end scenario. In the projection adopting the high-end Antarctic ice 453 

loss scenario, sea levels begin to rise in much of the HBC by 2100, with a widespread transition 454 

from sea level fall to sea level rise by 2200 and reaching a peak sea level rise of 14.5 m in 455 

Ungava Bay in Hudson Strait by 2500. Under the high-end scenario, the M2 tidal amplitude 456 

changes reach over 1 m with the largest decreases occurring in Hudson Strait and Foxe Basin and 457 

peak increases along the eastern margin of Hudson Bay by 2500. Furthermore, as the HBC is 458 

presently one of the areas on the planet where the most tidal energy is dissipated (Egbert & Ray, 459 

2001) the significant decreases in dissipation in the open ocean areas of Hudson Strait, Foxe 460 

Basin and Ungava Bay (see panels d-f in Figures S11 and S12) suggested under our high-end 461 

scenario simulations could affect both local tidal mixing important for biogeochemistry but also 462 

the global tidal energy balance.  463 

Our results suggest that the strong and uniform in sign responses of the Hudson Strait, 464 

Ungava Bay and Foxe Basin system to the sea level variations in both the high-end and low-end 465 

scenarios could be linked to the resonant properties of the basins. A number of previous studies 466 

have shown that the HBC straddles a number of resonant frequencies close to and either side of 467 

the M2 frequency (Arbic et al., 2007, Cummins et al., 2010, and Webb, 2014). Our simulations 468 

show that Hudson Strait, Ungava Bay and Foxe Basin change in conjunction with each other in 469 

response to sea level changes. The moderate decreases in sea level (around 2 m) seen in the low-470 

end scenario lead to increases in amplitudes, suggesting that the system is moving closer to a 471 

resonant state. In contrast, the increases in sea level seen in the high-end scenario in the 2300 and 472 
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2500 time slices drive strong amplitude decreases in Hudson Strait, Ungava Bay and Foxe Basin 473 

together with large decreases in dissipation. In the 2500 high-end simulations (both flood and no-474 

flood), the dissipation decreases amount to around 80 GW when newly flooded areas are 475 

excluded, nearly halving the energy dissipated in the three basins with respect to present day.  476 

Previous studies investigating resonances have generally considered Hudson Strait and 477 

Hudson Bay (together with Ungava Bay) as a resonant system (see e.g., Cummins et al., 2010). 478 

However, our results indicate that it is more likely that Foxe Basin and Hudson Strait together 479 

with Ungava Bay act as a near-resonant system at present; which, perturbed by sea level 480 

changes, exhibits large changes in amplitudes and dissipation. At present, in Foxe Basin ~110 481 

GW of M2 tidal energy are dissipated, whereas in Hudson Bay a mere 20 GW are lost (see also 482 

Figure S13). Nearly half of the dissipation decreases in the 2500 high-end scenario occur in Foxe 483 

Basin, and the remainder take place in Hudson Strait and Ungava Bay. This hypothesis is 484 

supported by the pathway of the energy fluxes into the HBC (see Figure S14) and the changes 485 

thereof ( Figures S9 and S10) (see also Figure 1 in Webb et al., 2014) where the main pathway of 486 

energy flow into HBC is through Hudson Strait and into the eastern part of Foxe Basin with very 487 

little energy transfer into Hudson Bay itself. A simple back of the envelope calculation of the 488 

natural period of Hudson Strait and Foxe Basin (𝑇 = 4𝐿/√𝑔𝐷), using a distance L of 1600 km 489 

from outside the entrance of Hudson Strait to the south eastern margin of Foxe Basin and a mean 490 

depth D of 136 m, yields a resonant period T of 48.7 hrs, which is very close to four-times the 491 

M2 period. A sea level decrease by 2 m as seen in the 2300 and 2500 low-end simulations 492 

increases the resonant period to 49.0 hrs, i.e. moving it closer to 4 times the M2 period. In 493 

contrast, a sea level increase of 9 m and 13 m as in the 2300 and 2500 high-end simulations 494 

results in decreases in the resonant period to 47.1hrs and 46.5 hrs, respectively, thus moving 495 

away from four times the M2 period.  496 

We have carried out additional simulations with the same sea level forcing across HBC 497 

but with present-day boundary conditions at the open boundaries (not shown) and find very 498 

similar results as when we apply boundary conditions from the global model forced with sea 499 

level changes. A no-flood simulation of the high-end 2500 sea level change shows a dissipation 500 

decrease of 35 % which is very similar to the 40 % seen in our no-flood runs. We therefore 501 

conclude that, to a large extent, the changes seen in Hudson Bay, Ungava Bay and Foxe Basin 502 

are driven by changes in internal dynamics due the sea level changes rather than by external 503 

forcing outside our regional model domain. This is in contrast to, e.g., the work by Harker et al. 504 

(2019) carried out for the Australian Shelf. 505 

 Our HBC tidal runs performed at 1/30° degree resolution are more accurate than the 506 

global simulations shown in Wilmes et al. (2017) with a resolution of 1/8°. They found a global 507 

RMS error for M2 amplitudes of 7.7 cm (global) and 3.8 cm (deep) whereas our new global 508 

model setup has reduced errors of 5.6 cm (global) and 2.8 cm (deep). However, the responses to 509 

sea level changes in their simulations are similar to our findings for the HBC simulations. They 510 

compared tidal amplitude responses to non-uniform sea level changes due to full collapses of the 511 

West Antarctic Ice Sheet and the Greenland Ice Sheet and a uniform sea level rise of 12 m. The 512 

spatially variable sea level change scenario had a similar magnitude sea level fall over the HBC 513 

as the 2500 low-end scenario whereas the uniform sea level rise case was most akin to the 2500 514 

high-end case shown here. The amplitude responses to the two different scenarios agree in their 515 

patterns between the two studies which increases our confidence in the results presented in 516 

Wilmes et al. (2017), despite the different model resolutions.  517 



Confidential manuscript submitted to Journal of Geophysical Research: Oceans 

 

Here, we focused on the contributions due to ice mass loss from the polar ice sheets and 518 

GIA associated with the last deglaciation, however, oceanographic and sea ice changes in the 519 

HBC will also impact sea level and ocean tides, in particular on timescales shorter than the 520 

centennial timescales considered here. Thermal expansion and ocean dynamics are expected to 521 

contribute on the order of 0.3 m of sea level rise in the HBC under RCP8.5 by 2100 (Jevrejeva et 522 

al., 2016), similar to the contribution of these effects to globally averaged sea level rise of 0.21-523 

0.33 m by 2100 estimated in the IPCC (Church et al., 2013). While regional estimates in the 524 

HBC are limited on multi-century timescales, the contribution of thermal expansion and ocean 525 

dynamics to globally averaged sea level rise under RCP8.5 is estimated to be between 0.29-1.81 526 

m by 2300, and 0.37-2.77 m by 2500 (Church et al., 2013). We thus expect that the magnitude of 527 

oceanographic effects in the HBC will be smaller than the contributions from the Antarctic ice 528 

sheet and GIA (Figure 3) but could nonetheless impact the timing of the transition from sea level 529 

fall to sea level rise. Incorporating projections of variability in ocean dynamics would add to the 530 

work presented here, in addition to improving shorter term projections of sea level and tide 531 

changes in the HBC. Furthermore, we have considered changes in sea level and tides in the HBC 532 

during the ice-free season. Since Hudson Bay is currently characterized by a long sea ice cover 533 

season which dampens the magnitude of the tides (Godin, 1986; Kleptsova & Pietrzak, 2018; St-534 

Laurent et al., 2008), future work will explore the impact of retreating sea ice on our results. 535 

Previous simulations of modern tides have had large amplitude errors in the HBC (e.g. 536 

Wilmes et al., 2017) due to large uncertainty in the bathymetry in the HBC. Since bathymetry in 537 

the HBC is poorly constrained, we used tidal simulations and tide gauge data to constrain the 538 

bathymetry. We suggested that being able to simulate tides more accurately provides an 539 

indication of which bathymetry dataset is more accurate. We produced a composite bathymetry 540 

constrained using TPXO8 solutions and tide gauge observations that greatly improves the fit 541 

between predicted and observed modern tides, with total, and deep ocean root mean square errors 542 

around 12 and 3 cm, respectively. Our approach may be used to further refine bathymetry 543 

models in the Hudson Bay Complex and in other regions with sparse data. Our results also 544 

highlight the need for high-resolution bathymetry surveys in the HBC, a region that will become 545 

increasingly important as sea ice cover retreats and access via marine traffic increases in a 546 

warming climate. Furthermore, accurate bathymetry data has far-reaching implications for 547 

residents surrounding the HBC, including, for example, future land claim issues related to the 548 

formation of land bridges between islands and the mainland (Tsuji et al., 2016).  549 

We emphasize that results from this research have profound impacts on ecosystems and 550 

communities surrounding the HBC. Due to the shallow topography and bathymetry in the HBC, 551 

we project that an increase in the absolute depth of water of up to 20 % could occur by 2500 552 

under our high-end scenario, which would lead to changes in the extent of the intertidal zone and 553 

shoreline locations, in turn, affecting ecosystems including wetlands and marshes. If sea level 554 

rise outpaces the rate at which marshes grow, these areas will become inundated, reducing the 555 

capacity of these ecosystems to attenuate storm surges and flooding events (Kirwan & 556 

Guntenspergen, 2010). The substantial changes in dissipation and thus tidal mixing have the 557 

potential to impact water structure and biogeochemistry and thus primary and secondary 558 

productivity in HBC. Furthermore, the livelihoods, culture, and traditions of indigenous 559 

communities surrounding the HBC are inextricably linked to the natural environment. Coastal 560 

management and policy decisions should integrate the physical changes presented here. In doing 561 

so, these vulnerable groups will be better equipped to deal with future impacts of climate change 562 

on coastal regions. 563 
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We conclude that projections of changes in sea level and ocean tides in the HBC should 564 

take into account not only the sea level changes due to ongoing glacial isostatic adjustment from 565 

the past deglaciation, but also consider a range of spatially variable sea level change projections 566 

arising from land ice loss, in particular in Antarctica. Uncertainty in projections of change in 567 

coastal areas in the HBC is dominated by uncertainty in projections of the evolution of the 568 

Antarctic ice sheet. As our understanding of the response of Antarctica to climate change 569 

improves, so too will our projections of sea level and tide changes in the Arctic.  570 

  571 
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 M2 S2 K1 

ETOPO1 70.7 / 36.7 / 38.3 25 / 10.8 / 11.8 4.7 / 3.2 / 4.0 

- HB 39.2 12.7 3.6 

- HS/FB/CS 127.8 47.1 6.5 

SRTM 50.2 / 33.9 / 37.8 22.2 / 10.3 / 11.6 3.9 / 2.8 / 3.3 

- HB 56.6 20.8 4.4 

- HS/FB/CS 38.5 24.7 2.8 

GEBCO 2008 54.3 / 24.2 / 25.3 17.4 / 8.4 / 9.2 3.0 / 3.3 / 4.1 

- HB 38.3 10.1 3.2 

- HB/FB/CS 83.3 30.4 2.5 

GEBCO 2014 47.8 / 29.8 / 30.9 16.6 / 9.2 / 10.1 3.6 / 2.8 / 3.3 

- HB 25.8 5.7 3.4 

- HB/FB/CS 87.4 36.0 3.9 

COMPOSITE 19.3 / 14.4 / 15.9 11.8 / 4.7 / 5.7 2.9 / 2.6 / 3.6 

- HB 15.0 6.6 3.1 

- HS/FB/CS 27.0 21.2 2.4 

 812 

 813 

Table 1: Bathymetry evaluation. Shown are complex elevation errors in cm between the tide 814 

model simulations using the respective bathymetry and tide gauges / TPXO8 / TPXO9 for M2, S2 815 

and K1. The best fit has been highlighted for each constituent and evaluation method. For each 816 

bathymetry we also show errors against the tide gauges located in Hudson Bay only and the tide 817 

gauges located in Hudson Strait (HB), Frobisher Bay (FB) and Cumberland Sound (CS). 818 

 819 

Figure 1: Model domain used in this study, showing a) Bathymetry and topography of the 820 

Hudson Bay Complex, (data from the composite dataset described in section 3) defined here as 821 

Hudson Bay, James Bay, Foxe Basin and Hudson Strait, b) Present day semi-diurnal (M2) tidal 822 

amplitudes (colour) and phases (contoured in white lines at 1/8 M2 period), taken from the 823 

TPXO8 tide database (http://volkov.oce.orst.edu/tides/tpxo8_atlas.html). 824 

 825 

Figure 2: Amplitude differences between simulated M2 amplitudes from several bathymetry 826 

datasets and M2 amplitudes from the TPXO8 tidal solution. a) ETOPO1 (Amante & Eakins, 827 

2009), b) GEBCO 2008 (http://www.gebco.net), c) SRTM30_Plus (Becker et al., 2009), d) 828 

GEBCO 2014 (http://www.gebco.net), e) our new, composite bathymetry with SRTM30_Plus in 829 

Hudson Bay and GEBCO 2008 elsewhere. The colored circles show the amplitude differences 830 

for the tide-gauge locations (see also Text S1 and Table S4). 831 

 832 

Figure 3: Contributions to sea level change in the HBC from GIA and future melting of the polar 833 

ice sheets under RCP8.5 at 2100, 2300 and 2500, relative to 2000. Blue shading corresponds to a 834 

sea level fall and red shading corresponds to a sea level rise. (a-c) Contribution to sea level 835 

change from past ice-ocean loading changes (i.e. GIA) over the last deglaciation associated with 836 

the ICE-5G ice history (Peltier, 2004). (d-f) Contribution to sea level change from the Greenland 837 

Ice Sheet (Golledge et al., 2019). (g-l) Contribution to sea level change from the Antarctic Ice 838 

Sheet under from (g-i) low-end (Golledge et al., 2019) and (j-l) high-end (Pollard et al., 2017) 839 
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projections. Note the different color scales, the color bar associated with each panel is on the 840 

right side of each plot. 841 

 842 

Figure 4: Total projected sea level change at 2100, 2300, and 2500, relative to 2000. Sum of 843 

individual contributions presented in Figure 3. Panels a-c correspond to the low-end Antarctic 844 

ice loss scenario (Golledge et al., 2019). Panels d-f correspond to the high-end Antarctic ice loss 845 

scenario (Pollard et al., 2017). 846 

 847 

Figure 5: Total projected M2 amplitude change at 2100, 2300, and 2500, relative to 2000 for 848 

simulations where flooding of low-lying land is permitted with increasing sea levels. Panels a-c 849 

correspond to tidal changes associated with the low-end Antarctic ice loss scenario (Golledge et 850 

al., 2019). Panels d-f correspond to tidal changes associated with the high-end Antarctic ice loss 851 

scenario (Pollard et al., 2017). 852 
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