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The bathymetry around Antarctica can govern the shelf sea circulations and play a key role in conditioning water masses. In Prydz Bay, the Prydz Bay Gyre and coastal currents are also determined by the continental shelf topography. However, due to the paucity of beam echo sounding data, the bathymetric datasets in Prydz Bay still have large uncertainties. With the aid of in situ hydrographic observations, this study focuses on the correction of an up-to-date bathymetric dataset and the resultant influences on the shelf circulation and the basal melting of the ice shelves. The corrected bathymetry mainly improves the biased shallow representations in the uncorrected bathymetric data set, with a maximum change of ~500 m deepening in the eastern flank of Prydz Bay. Sensitivity numerical experiments show that the bathymetric corrections in Prydz Bay have a significant impact on the circulation pattern and onshore warm water intrusions. In addition, the corrected bathymetry markedly decreases the heat transport towards the calving front of the Amery Ice Shelf. The onshore heat transport reduces by ~22.18% from ~5.23×1013 J s-1 to ~4.07×1013 J s-1 over the outer shelf. Over the inner shelf, the heat transport towards the Amery Ice Shelf reduces by ~18.15% from ~5.95×1013 J s-1 to ~4.87×1013 J s-1. Consequently, the temporally and spatially averaged basal melting rate of the Amery Ice Shelf reduces by ~13.04% from ~0.69 m yr-1 to ~0.60 m yr-1.
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1 Introduction

Satellite-based observations have revealed that the mass loss of the Antarctic ice sheet is primarily induced by the ocean-driven basal melting of Antarctic ice shelves (Rignot et al., 2013; Liu et al., 2015; Adusumilli et al., 2020). Ice shelves, as the extensions of grounding ice sheets into the ocean, act to buttress the ice sheet Dupont and Alley, 2005) , and thereby the retreat of the ice shelves can accelerate the ice streams into the ocean. Many ice shelves have been experiencing a net mass loss and thinning due to the enhanced ocean-driven basal melting (Adusumilli et al., 2020). The basal melting of ice shelves is directly affected by the circulations over the Antarctic continental shelf (Rignot et al., 2013), with cross-shelf heat transport delivered into the sub-ice-shelf cavities (Herraiz-Borreguero et al., 2015; Nitsche et al., 2017; Nakayama et al., 2019; Tinto et al., 2019). In addition, the ice shelf basal melting has also been confirmed to be a major driver of ice shelf calving (Liu et al., 2015). However, the in situ measurements are so limited that it is difficult to directly assess the oceanic contribution to the ice shelf basal melting based on hydrographic observations. Numerical models can shed light on our understanding of the interactions between ice shelves and the ocean. To simulate the response of ice shelves to the changes of oceanic circulation and water masses, it is important to properly represent the circulations and water mass properties over the Antarctica continental shelf in numerical models (Rignot and Jacobs, 2002; Reese et al., 2018) .

There are, however, some uncertainties in the existing numerical simulations of the Antarctic shelf sea. Specifically, several factors can cause large uncertainties in the numerical simulations, such as the inaccuracy in the bottom topography and the geometry of the sub-ice-shelf cavities (Liu et al., 2017; Liu et al., 2018; Millan et al., 2020), the coarse model resolution (Stewart et al., 2018), the biases in the atmospheric forcing field (Large and Danabasoglu, 2006; Brodeau et al., 2010; Barthélemy et al., 2018) . In this study, we intend to illustrate how the corrections in the continental shelf topography affect the simulated shelf sea circulation, water mass properties, and the ice shelf basal melting in Prydz Bay.

It has long been realized that the bottom topography is of great importance to the oceanic circulation pattern and the ecosystem in the shelf sea regions (Graham et al., 2011; Dickens et al., 2014; Liu et al., 2018; Millan et al., 2020). Previous studies have shown that the bathymetry of the Antarctica continental slope directly controls the water mass exchanges between the deep ocean and the shelf seas (Walker et al., 2007; Thoma et al., 2008; Nicholls et al., 2009; Hellmer et al., 2012; Pritchard et al., 2012), especially for the intrusion of modified Circumpolar Deep Water (mCDW) onto the continental shelf (Nitsche et al., 2007; Millan et al., 2017; Nitsche et al., 2017; Tinto et al., 2019). Therefore, the accurate high-resolution ocean bathymetry data is favorable in precisely delineating the pathways of mCDW onshore intrusion and consequent influences on the ice shelf melting rates (Nakayama et al., 2019; Goldberg et al., 2020; Eisermann et al., 2021). The bottom topography can also regulate the tidal dynamics and hence their impacts on the ice shelf melting and stability (Padman et al., 2002; Griffiths and Peltier, 2009; Makinson et al., 2011; Rosier et al., 2014; Padman et al., 2018). Furthermore, the accuracy of the bathymetric data is essential for our understanding of the ecology of Antarctic marine flora and fauna (Ribic et al., 2008; Smith et al., 2021). For example, the krill concentration that regulates the distribution and breeding success of Antarctic mammals is severely affected by the bathymetry (McConnell et al., 1992; Ribic et al., 2008; Smith et al., 2021).

Despite the importance of bathymetry, logistical difficulties still leave most of the Antarctic shelf seas uncharted (Arndt et al., 2013; Mayer et al., 2018). In situ bathymetry measurements in most Antarctic shelf regions are still sparse due to the harsh environment and the intensive sea ice coverage (Padman et al., 2010; Arndt et al., 2013). Therefore, the directly measured data sources are so sparse around the Antarctic margins that the insufficiently surveyed bathymetry may overlook some significant topographical features (Arndt et al., 2013). Over the areas without any cruise approaches, the estimation of bathymetry mainly relies on the satellite-based gravity measurements, resulting in large uncertainties and a relatively coarse resolution (Sandwell and Smith, 2001) .

Since the uncertainties of the bathymetry seriously limit our understanding of seafloor morphology around the Antarctica margins, previous studies have taken a variety of approaches to improve the accuracy of the bathymetric data sets (Nitsche et al., 2007; Beaman et al., 2011; Graham et al., 2011; Dickens et al., 2014; Millan et al., 2017; Millan et al., 2020; Smith et al., 2021). To construct an improved bathymetry data set for the Antarctic shelf seas, it is a conventional and effective way of conducting the single beam and multibeam measurements with shipborne echo soundings during a number of expeditions (Nitsche et al., 2007; Beaman et al., 2011; Graham et al., 2011; Dickens et al., 2014; Smith et al., 2021). Airborne gravity provides an efficient remote sensing approach to reconstruct the detailed geometry of sub-ice-shelf cavities (Millan et al., 2017; Cochran et al., 2020; Millan et al., 2020; Eisermann et al., 2021; Yang et al., 2021). Importantly, marine mammals equipped with conductivity-temperature-depth satellite relay data loggers (CTD‐SRDLs), which have greatly enriched the traditional hydrographic data sets (Hooker and Boyd, 2003; Padman et al., 2010; Herraiz‐Borreguero et al., 2016; Williams et al., 2016) , also offer the further possibility to explore the bathymetry of the Antarctic continental shelf. Based on the seafloor depth inferred from the maximum dive depth of the equipped elephant seal, Padman et al. (2010) have improved the bathymetry of the troughs across the continental shelf in the southern Bellingshausen Sea.

In recent years, some studies have investigated the influences of the high-resolution bathymetry on the ocean circulations over the continental shelf and in the sub-ice-shelf cavities (Millan et al., 2017; Nitsche et al., 2017; Cochran et al., 2020). Previous studies have shown that the detailed representation of the bathymetry is critical to properly simulate the cross-shelf transport of warm water into the sub-ice-shelf cavities (Millan et al., 2017; Nitsche et al., 2017; Millan et al., 2020). Numerical studies have also focused on the influences of the high-resolution sub-ice-shelf geometry on the circulations under the ice shelf and the ice shelf basal melting (Goldberg et al., 2020; Millan et al., 2020). Despite that some corrected high-resolution bathymetry data sets of the Antarctic continental shelf have been compiled (Dickens et al., 2014; Nitsche et al., 2017; Smith et al., 2021; Tao et al., 2021), the influences of the bathymetry corrections on the circulations, water mass properties, and the basal melting of ice shelves have not been clarified.

In this study, with the aid of a coupled regional ocean-sea ice-ice shelf model for Prydz Bay, we intend to investigate the ocean circulation, water masses, and the AIS basal melting in response to the correction of a high-resolution bathymetric data set. In section 2, we review several earlier bathymetry datasets and one recent bathymetry dataset in Prydz Bay and introduce the numerical model employed in this study. We then compare the model results from two sensitivity experiments to reveal the impacts of the bathymetry correction on the simulated circulations, water properties, and the AIS basal melting rate in section 3. A summary is given in section 4.



2 Data and model


2.1 Bathymetric data in Prydz Bay

Several global or hemispheric-scale bathymetric datasets have been released, such as RTopo-1 (Timmermann et al., 2010), IBCSO V1 (Arndt et al., 2013), RTopo-2 (Schaffer et al., 2016), GEBCO_2014 (Weatherall et al., 2015), GEBCO_2019 (GEBCO Bathymetric Compilation Group, 2019). Several recent bathymetric datasets basically refer to IBCSO V1 for the bathymetry of the Southern Ocean. So IBCSO V1 also remains as one of the most advanced Digital Bathymetry Model (DBM) for the Southern Ocean region (Becker et al., 2009; Arndt et al., 2013; Weatherall et al., 2015; Mayer et al., 2018). IBCSO is a regional mapping project of the General Bathymetric Chart of the Oceans (GEBCO), which aims to produce high-resolution bathymetric maps of the sea around the Antarctic continent (Arndt et al., 2013). The IBCSO Version 1.0 DBM, released in 2013, is based on all available bathymetric data collected by more than 30 institutions from 15 countries and covers the area south of 60°S with a resolution of 500 × 500 m (Arndt et al., 2013). In fact, in the IBCSO V1, only ~ 17% of the grid cells in the whole Southern Ocean region are directly constrained by the observations, while the rest are determined by interpolation between the measured values or by integrating the predicted water depth (Arndt et al., 2013). In Prydz Bay, the fraction of grid cells constrained by the beam echo soundings is lower than ~5%. Overall, the bathymetry in Prydz Bay is still poorly constrained over a broad region (Figure 1A), and some significant topographical features may not have been identified.




Figure 1 | (A) Bathymetry (m) for Prydz Bay from IBCSO Version 1.0. Ice shelves, main topographical features, and the research stations (red stars) are marked at the corresponding locations. Ice shelves are shaded in white, and the land is shaded in light blue. The grey lines are bathymetric contours from IBCSO V1 from 500 to 2000 m with an interval of 500 m. (B) Same as (A), but for the CB (m).



RTopo-2 is a common bathymetric data used for the high-resolution simulations focused on the Antarctic shelf seas (Liu et al., 2018; Zaron, 2019; Daae et al., 2020). As a global bathymetric dataset, RTopo-2 is a combination of two bathymetric datasets (Schaffer et al., 2016): 1) IBCSO V1 for the Southern Ocean and the shelf seas around Antarctica (Arndt et al., 2013; Schaffer et al., 2016), and 2) Bedmap2 for the Antarctic ice sheet/shelf surface height, thickness and bedrock bathymetry (Fretwell et al., 2013; Schaffer et al., 2016). Compared with its previous version, RTopo-1 (Timmermann et al., 2010), RTopo-2 not only improves the horizontal resolution but also ensures the smooth grid transition between different data sets. The selection of the more advanced IBCSO V1 as the Southern Ocean bathymetry has improved the description of the seafloor topography in the Southern Ocean. However, the shortcomings in IBCSO V1 are also transferred to RTopo-2, which arises from the insufficient single- and multi- beam echo sounding data. Therefore, it may introduce some uncertainties in the numerical models that use RTopo-2 to simulate the Antarctic shelf seas.



2.2 Bathymetry correction in Prydz Bay

The bathymetry dataset for Prydz Bay from IBCSO V1 has been further improved by using the hydrographic data, particularly the seal data (Tao et al., 2021). For every hydrographic station in Prydz Bay, the maximum depth of the CTD cast is compared with the seafloor depth in IBCSO V1. If the observed maximum hydrographic depth is deeper than that in IBCSO V1, the depth in IBCSO V1 on the grid cell will be replaced by the value of the observed hydrographic depth. Padman et al. (2010) have reconstructed the topography for the western Antarctic Peninsula based on the depth derived from the seal CTD casts. In contrast to Padman et al. (2010); Tao et al. (2021) recompiled the bathymetry in Prydz Bay based on the selected seal data, the collected multi-country hydrographic observations, and the original beam echo sounding data from IBCSO that provide the benchmark for IBCSO V1.

The Corrected Bathymetry (CB) for Prydz Bay is shown in Figure 1B. Compared with IBCSO V1 (Figure 1A), substantial changes have been found in the vicinity of the West Ice Shelf (WIS) where beam echo soundings are much sparser than in the western flank of Prydz Bay. Since the paucity of in situ bathymetric measurements near the WIS, the corrected bottom depths at some grids are even more than 400 m deeper than that in RTopo-2 (Figure 2A). The CB shows that a new depression appears on the southwest side of the Four Ladies Bank (FLB), with an average depth of ~600 m (Figure 2B). The width of an originally existing channel at 78.5°E-81.5°E on the southeast side of the FLB has been expanded, but the depth change is not obvious (except for a deepening point on the northwest side of the WIS calving front). According to Liu et al. (2017), the region with the substantial bottom topographic changes is the pathway for the Prydz Bay Eastern Coastal Current (PBECC), and the PBECC serves as a key current to bring warm deep water into Prydz Bay. The presence of this depression in the corrected bathymetric chart connects the WIS calving front to the shelf break. Along with the widening and deepening of the channel on the southern side of the FLB, such sharp topography changes may influence the mCDW intrusion along this pathway. By employing a high-resolution regional model, we intend to analyze the changes in the circulation and water masses in response to this deepened depression.




Figure 2 | (A) Same as Figure 1B, but for the differences between the CB and IBCSO V1 (CB minus IBCSO V1). (B) The 3D schematic diagram of the bottom topography in the region bounded by the red box in (A). The blue dot represents IBCSO V1, and the grey surface represents the CB. The bottom slice shows the bathymetry differences, which are consistent with (A).





2.3 Model description

In this study, the Massachusetts Institute of Technology General Circulation Model was employed (Marshall et al., 1997), coupling with a sea ice model (Zhang and Hibler III, 1997)  and an ice shelf model (Losch et al., 2010). The initial conditions and parameter settings are the same as in the previous version (Liu et al., 2017; Liu et al., 2018). Between the western (60°E) and eastern (90°E) boundaries, the constant meridional grid spacing is ~1.5 km, while the zonal grid spacing decreases from ~2.2 km at the northern boundary (65°S) to ~1.4 km at the southern boundary (74°S). The vertical intervals range from 10 m at the surface to 250 m at the bottom with 70 levels. The Amery Ice Shelf (AIS) and the WIS were represented by a static and thermodynamically active ice shelf in Prydz Bay. The Japanese Re-Analysis (JRA-25) was used to force the ocean and the sea ice components from 1979, including the downward longwave and shortwave radiation, precipitation, 2 m humidity, 2 m air temperature, and 10 m surface wind. This model was integrated for 12 years, and its 5-day mean output was saved. Unless otherwise specified, the analysis was performed using the last 5-year averaging period. Note that this model does not include the frazil ice and tidal processes.

With the same model configuration, two sensitivity simulations were conducted. The first experiment, denoted by Result A, uses RTopo-2 as the bathymetry. The second one using CB as the bathymetry is denoted by Result B. The model performance was evaluated in previous studies (Liu et al., 2017; Liu et al., 2018). The CB in Result B is quite different from RTopo-2 in Result A, and we focus on the dynamic response of the circulation, heat transport, and the AIS basal melting to the bathymetric changes from RTopo-2 to CB in Prydz Bay.




3 Results


3.1 Circulation and temperature fields

The depth-averaged currents in the two experiments (Result A and Result B) are shown in Figure 3. There are two main circulations in Prydz Bay. One is the cyclonic Prydz Bay Gyre (PBG), with its eastern branch responsible for mCDW intrusion and the western branch transporting the shelf water offshore. The other one is the PBECC (Liu et al., 2017; Liu et al., 2018), originating on the eastern side of the FLB and flowing westward along the coastal line (Liu et al., 2017). Importantly, the PBECC just flows around the southeast side of the FLB where the largest bathymetric change occurs in the CB (Figure 2B). Therefore, the significant deepening in CB may exert profound influences on the PBECC (Figure 3).




Figure 3 | (A) The speeds (m s-1) (color shading) and vectors of the depth-averaged currents in Result A. (B) Same as (A), but for Result B. (C) The differences between Result A and Result B (B minus A). The heat transport within the region bounded by the light blue box (including only the continental shelf and parts of the sub-ice-shelf cavities) in (A) is shown in Figure 6. In (B), the cross-sections (green dashed line) where the heat transports are shown in Figure 7 are labelled by S1 (66.1°S) and S2 (68.3°S), respectively. The semitransparent regions denote the AIS and the WIS. The solid black lines are the coastlines and the ice-shelf fronts. The grey lines are bathymetric contours in CB, with 500 m intervals from 500 m to 2000 m depth. The cyan line are 1000 m bathymetric contours in CB.



In Result A, the PBECC originates from the shelf break, with two main sources (Figure 3A). One is located at the shelf break of 82°E and flows southward. The other one originates at the shelf break near 90°E and flows westward on the north of the WIS calving front. These two branches merge together at ~67°S and head towards the Davis Station (Figure 3A). In contrast, in the simulation with the CB (Result B), there is only one origin of the PBECC, which is close to the shelf break near 90°E. The PBECC in Result B still flows along the WIS calving front towards the Davis Station, but with obviously stronger transport than in Result A (Figure 3B). As the PBECC passes through 67°S, a small fraction of the PEBCC reverses to the north. This is consistent with the remarkable deepening of the seabed to the north of the WIS in CB. To conserve the potential vorticity, the deepening of the ocean bottom in this area generates a cyclonic circulation due to the stretching of the water column. Along the coastal line from the WIS to the eastern AIS calving front, the flow speed in Result B is slower than in Result A (Figure 3C), and the large differences can be up to 0.2 m s-1 from the west side of the WIS to the Davis Station.

The changes in the circulation also result in substantial changes in the potential temperature and salinity fields. We distinguish the shelf from the deep ocean by the 1000 m isobath. The differences of the potential temperature on the shelf between Result A and Result B are shown in Figure 4A. Over the continental shelf, the depth-averaged potential temperature becomes colder over the FLB and the Amery Depression, while the potential temperature is warmer to the southeast of the FLB. The maximum potential temperature decrease can be lower than -0.1°C. The spatial pattern of the salinity differences is generally opposite to that of the potential temperature, with the salinity increase (decrease) corresponding to the potential temperature decrease (increase), except in the north of the WIS. The large changes in the potential temperature and salinity indicate that the circulation changes induced by the differences between RTopo-2 and CB can result in remarkable influences on the simulated water properties.




Figure 4 | (A) The differences of the depth-averaged potential temperature (°C) between Result A and Result B (B minus A). The green wireframes indicate the locations where the potential temperature changes are the greatest within the specified regions (I, II, III, and IV) bounded by the pink boxes. The grey line and the orange line represent the 500 m and 1000 m isobaths from the CB, respectively. (B) Same as (A), but for the salinity (psu).



To illustrate the changes in the vertical structures of the potential temperature and salinity, the potential temperature and salinity profiles with large potential temperature changes in the selected regions in Figure 4A are shown in Figure 5.




Figure 5 | (A–D) The potential temperature profiles (°C) of Result A (blue) and Result B (red) in Regions I, II, III, and IV shown by the green wireframes in Figure 4A (dark color: mean of all profiles; light color: the ranges of one standard deviation above and below the mean values). (E–H) Same as (A–D), but for the salinity profiles (psu).



The potential temperature profiles in Results B in the four regions differ considerably from those in Result A, and so are the salinity profiles in Regions I and III. In Regions II and IV, significant cooling has been identified in the potential temperature profiles. The potential temperature in Region II cools greatly in the lower layer from the water depth of 100m to the seabed, and the maximum difference even exceeds 0.2°C. Region II is located over the FLB, and the potential temperature profiles in this region show that the potential temperature in Results B below 100 m depth is lower than that in Results A, which indicates that mCDW intrusion over the FLB decreases due to the bathymetry correction. Region IV is located downstream of the PBECC, and the strong potential temperature cooling from Result A to Result B at 80-300 m depths can be seen in Figure 5D. The temperature profiles in Region IV show that the potential temperature of the water mass close to the eastern AIS calving front decreases significantly in Result B, implying that the heat delivered into the AIS cavity may also decrease.

There are also obvious changes in the vertical structures of the potential temperature in Regions I and III where the depth-averaged potential temperature warms up in Result B. Region III is just located in the area where the bathymetry correction is large. The large deepening of the seabed in Region III and its northeastern flank results in warming in the entire water column, coinciding with the intensified PEBCC in Result B. By comparisons between results A and B, although both the temperature in Region I and Region III increased, the salinity changes were not the same. The salinity in Region I increases, but the salinity in Region III decreases.



3.2 Heat transport

The changes in the circulations and water mass properties can induce changes in the heat transport towards the AIS front. To quantify the influences of the bathymetry correction on the heat delivered into the sub-ice-shelf cavities, we calculate the meridional heat transport across every zonal cross-section within the box shown in Figure 4B. Both the net heat transport and the southward heat transport (calculated by using the southward meridional velocity only) are calculated. As shown in Figure 6, the net heat transport is much smaller than the southward heat transport, owing to the cancellation between the northward outflow and the southward inflow. The most notable feature is the relatively large changes in the southward heat transport over the latitude band of 66°S-67.2°S (the dashed lines in Figure 6A and the pink line in Figure 6B). Figure 6B shows a positive peak of the differences of the southward heat transport at ~66.1°S (the southward heat transport reduces from ~5.23×1013 J s-1 to ~4.07×1013 J s-1, by ~22.18%), while a negative peak appears around ~66.7°S (an increasing from ~5.48×1013 J s-1 to ~6.87×1013 J s-1, by ~25.37%). Such relatively large changes in the southward heat transport within the latitude band of 66°S - 67.2°S are closely related to the significant changes in the circulation in the eastern Prydz Bay. The third peak occurs at ~68.3°S, where the southward heat transport reduces from ~5.95×1013 J s-1 to ~4.87×1013 J s-1, by ~18.15%. Overall, Result B shows a weakened southward heat transport over the continental shelf. Therefore, the bathymetry correction leads to reduced heat transport towards the AIS front, which may also reduce the basal melting of the AIS.




Figure 6 | (A) The zonally integrated meridional heat transport (J s-1) (negative is southward) across every zonal cross-section within the light blue box in Figure 3A. The solid red (black) line indicates the net heat transport in Result A (Result B). The dashed lines (S) are the same as the solid lines, but for the heat transport calculated by only using the southward velocity. (B) same as (A), but for the differences between Result A and Result B (B minus A). The three blue diamond marks denote the three peaks at the latitudes of 66.1°S, 66.7°S and 68.3°S, respectively.



To examine the changes in the heat transports in detail, the heat transports at two cross-sections (see S1 and S2 in Figure 3B) where the two peak values occur are shown in Figure 7. The zonal extension of the northward heat transport across 66.1°S in Result B becomes obviously widened, and the magnitude of the southward heat transport also decreases (Figures 7A–C), leading to the reduced southward heat transport towards the AIS front. These changes in the heat transport are dominated by the changes in the circulation. For example, the enhanced northward heat transport at 82.5°E is caused by the local intensified northward flow. At the cross-section S2 (68.3°S) close to the AIS calving front, the magnitude of the meridional velocity on the eastern side decreases (Figure 3C), resulting in the decrease in both the southward and the northward heat transport (Figures 7D–F). The spatial pattern of the meridional heat transport at this cross-section has not changed much between Result A and Result B, and thus the decrease in the southward heat transport is mainly induced by the slowing down of the southward velocity.




Figure 7 | The heat transport (J s-1) cross-section at 66.1°S (S1) and 68.3°S (S2) (negative is southward). (A, D) Result A; (B, E) Result B; (C, F) The differences between Result A and Result B (B minus A). The locations of cross-sections S1 and S2 are shown in Figure 3B.





3.3 Basal melting of Amery Ice Shelf

Result A and Result B both capture the highest melting rate near the grounding line of the AIS, with refreezing in the northwestern flank and melting in the southeastern flank (Figures 8A, B), which is consistent with previous studies (Galton‐Fenzi et al., 2012; Herraiz-Borreguero et al., 2015; Liu et al., 2017).




Figure 8 | The basal melt rate (m yr-1, melting is positive) of the AIS in (A) Result A and (B) Result B. The solid black lines are the coastline, the grounding line, and the AIS calving front. (C) The differences between Result A and Result B (A, B). (D–F) Same as (A–C), but for the potential temperature (°C) of the layer adjacent to the AIS basal surface.



Figure 8C shows the differences of basal melting between the two experiments. Result B shows decreasing melting rate in the broad melting region beneath the AIS, and there is also decreasing refreezing rate in the freezing region in the western flank. Overall, Result B shows a lower basal melting rate and refreezing rate than that in Result A. Compared with Result A, the net basal melting rate in Result B reduces by ~13.04% (Table 1), with a maximum decrease of ~1 m yr-1 at the grounding line (Figure 8C). Figures 8D–F shows the temperature of the layer adjacent to the base of the AIS and the difference between Result A and Result B. In the eastern flank, the middle region, and near the grounding line of the AIS, the water in Result B is colder than that in Result A. Near 71.5°S, the water is warmer in Result B than in Result A.


Table 1 | Basal melting rate (in m yr-1), meltwater flux (in Gt yr-1), and the changes of basal melting rate (in %) of the ice shelves between result A and result B (B minus A, plus or minus: the ranges of one standard deviation above and below the mean values).



Compared with Result A, the reduction of the southward warm water transport in Result B leads to the reduction of heat transport into the sub-ice-shelf cavity of the AIS, which results in a lower basal melting rate. Due to the warmer potential temperature in the cavity of the WIS in Result B than in Result A, the basal melting of the WIS is enhanced in Result B (not shown). The basal melt rate of the WIS increases by ~18.92% (Table 1). Since the geometry of the sub-ice-shelf cavity has not been changed in this study, the changes of the basal melting change are only induced by the bathymetry correction over the continental shelf. This result suggests that the basal melting rate of the AIS in previous modelling studies (Galton‐Fenzi et al., 2012; Liu et al., 2017; Liu et al., 2018) might still have some uncertainties associated with the potential deficiency in the adopted bathymetry of Prydz Bay.




4 Summary and discussion

The bathymetry of Prydz Bay in IBCSO V1 was recently optimized by introducing the water depth data from various hydrographic observations (Tao et al., 2021). In particular, the seafloor adjacent to the north of the WIS front deepens considerably, resulting in a large and wide depression to the east of the Four Lady Bank (FLB). Unlike the relatively smooth seafloor morphology of this region in IBCSO V1 and RTopo-2, the corrected bathymetry (CB) shows a more refined and irregular morphology.

To study the influences of the large changes in the bathymetry on the circulations and the basal melting/freezing of the ice shelves, we conducted two sensitivity experiments by using a regional coupled ocean-sea ice-ice shelf model (Liu et al., 2017; Liu et al., 2018): one uses the original RTopo-2, and the other one uses the CB for the continental shelf region. Due to the differences between the two bathymetry datasets, the simulated circulations over the eastern region of Prydz Bay are significantly different between the two experiments. The most notable differences are the changes of the source region of the PBECC, along with the decrease of its strength downstream. These changes are mainly caused by the large deepening of the seabed over the eastern region of Prydz Bay.

Associated with the changes in the circulation, the changes in the bathymetry also cause significant changes in the water mass properties in Prydz Bay. The most remarkable influence is that the CB leads to generally colder potential temperature in Prydz Bay. The reason is that the Antarctic Slope Current near the FLB is weakened by the changes from upstream, resulting in less mCDW intrusion over the FLB (Liu et al., 2018). While an increase in the potential temperature can be seen to the north of the WIS front, the potential temperature downstream close to the AIS front cools down due to the slowing down of the PEBCC downstream. The widespread cooling in the potential temperature near the AIS calving front also indicates the decrease in the southward heat transport.

Our model results show that the basal melting of the AIS is broadly reduced due to the bathymetry correction, while the enhanced refreezing can also be seen in the western flank of the AIS. The reduced basal melting mainly results from the cooling of the water layer adjacent to the base of the AIS. The total basal melting of the AIS decreases from ~35.63 Gt yr-1 to ~30.82 Gt yr-1, by ~13.50%. The increased potential temperature at locations upstream of the PBECC also exposes the WIS cavity to relatively warmer water, which increases the basal melting of the WIS. Therefore, in contrast to the AIS, the total basal melting of the WIS increases from ~5.16 Gt yr-1 to ~6.12 Gt yr-1, by ~18.60%.

We note that the shelf circulations and the ice shelf basal melting should be affected by more factors than the shelf bathymetry, such as the geometry of the sub-ice-shelf cavities (Yang et al., 2021), the drifting and grounding icebergs (Dinniman et al., 2007; Cougnon et al., 2017; Hou and Shi, 2021), and the distribution of fast ice (Fraser et al., 2021). With a focus on the effects of the bathymetry changes on the shelf circulations and the ice shelf basal melting, this study is an important first step towards a comprehensive understanding of the effects of such various factors. Since giant icebergs can have a lifetime of several decades and can exert great effects on the distribution of fast ice and polynyas, we call for the development of an iceberg module and a fast ice module that can realistically simulate the corresponding thermodynamic and dynamic processes. In the future, a more realistic coupled ocean-sea ice-ice shelf model should at least include these two modules and should employ more reliable shelf bathymetry and the geometry of the sub-ice-shelf cavities, in addition to other improvements.
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