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Abstract 22 

Mooring observations of tidal currents in Prydz Bay, East Antarctica are presented here. 23 

They were found to be mixed diurnal-semidiurnal over the continental shelf, with 24 

significant seasonality. Barotropic tides dominated the tidal currents at the calving front 25 

of the inner continental shelf of the Amery Ice Shelf (AIS), except at the western corner 26 

of the AIS where the seabed is abruptly deeper. The spatial and temporal averaged 27 

magnitude of tidal currents for all the current meter records was only 2.58 cm s
-1

, much 28 

weaker than in the Ross or Weddell seas. However, the observed maximum tidal current 29 

was about 13.12 cm s
-1 

at the AIS calving front. In addition, the ratio of the tidal heat flux 30 

standard deviation to the residual heat flux standard deviation could be up to 41% at the 31 

AIS front, implying the tides have the potential to modulate the heat content of the AIS 32 

cavity. To identify the footprints of the tidal influences on the AIS basal mass balance, 33 

we further assessed the temperature and salinity records from six boreholes drilled 34 

through the AIS. Interestingly, tide-like pulsing was identified in the ocean layer adjacent 35 

to the AIS basal surface, highlighting the potential tidal influences on the heat exchanges 36 

at the ice-ocean interface. Our assessment of the tidal currents in Prydz Bay underlines 37 

that the critical role of tides should be highlighted in investigations of interactions 38 

between the ocean and the AIS, and other ice shelves.  39 

  40 
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Plain Language Summary 41 

We report on mooring observations of tidal currents in Prydz Bay, East Antarctica. Tides 42 

in Prydz Bay are mixed diurnal-semidiurnal and much weaker than that in the Ross Sea 43 

and the Weddell Sea, with the averaged magnitude of 2.58 cm s-1 over the continental 44 

shelf. The major axes of the tidal ellipses are generally aligned south-north, probably 45 

controlled by the topography. The tidal phases are modulated by both the baroclinic and 46 

barotropic tidal components. The averaged tidal kinetic energy is not remarkable respect 47 

to the total kinetic energy at the Amery Ice Shelf calving front during the observing 48 

period. The long-term average tidal heat flux across the Amery Ice Shelf calving front is 49 

negligible. However, the changes in the tidal heat flux are nearly half of the changes in 50 

the residual heat flux. We also report on borehole observations of tide-like pulsing of 51 

potential temperature and salinity, indicating the indispensable tidal influences in the 52 

ice-ocean boundary layer. These mooring and borehole data support that the tidal 53 

processes should be highlighted in the investigations of the interaction between the 54 

Amery Ice Shelf and ocean. 55 

 56 

Key Points: 57 

 We assessed the tidal currents in Prydz Bay from observational data from 10 58 

moorings. 59 

 The characteristics of tidal currents and the potential contribution to the ocean 60 

heat content were quantitatively documented. 61 

 The hydrographic observations from borehole sites confirmed the important role 62 

of tides to the Amery Ice Shelf basal mass balance.  63 
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1 Introduction 64 

The tides play a key role in the circulation and hydrographic properties in 65 

Antarctic waters through several mechanisms. First, they can favor the exchanges of 66 

water masses across the continental shelf break. Second, tidal interactions with 67 

topography can generate internal tides. Third, tidal oscillations can result in 68 

high-frequency fluctuations of sea ice motion and deformations. At the continental shelf 69 

break, tides can bring Circumpolar Deep Water (CDW) onto the continental shelves 70 

(Castagno et al., 2017) and enhance the spread and descent of dense Shelf Water (SW) 71 

over the continental slope (Ou et al., 2009; Wang et al., 2013). The internal tidal fields 72 

generated by the topographic dynamic effects on the barotropic tides can induce mixing, 73 

which is particularly important at the continental shelf break where several water masses, 74 

including CDW, Ice Shelf Water (ISW), and SW meet. For example, the Antarctic 75 

Bottom Water (AABW) formation in the southern Weddell Sea can be enhanced by 76 

mixing warm CDW and SW (Robertson et al., 1998; Robertson, 2001). AABW 77 

production and exportation are also favored by tidal mixing of Antarctic Surface Water, 78 

CDW, and SW at the outer edge of the continental shelf (Padman et al., 2009; Wang et al., 79 

2010; Whitworth & Orsi, 2006) where the simulated maximal tidal currents can exceed 1 80 

m s
-1

 (Padman et al., 2003). The divergence of the tidal currents causes lead formation in 81 

the sea ice, enabling higher heat loss from the ocean to the atmosphere and increasing sea 82 

ice and dense water production (Koentopp et al., 2005). The convergence of the tidal 83 
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ellipses results in rafting and ridging of the sea ice, which decreases sea ice formation. In 84 

the inner continental shelf, tidal processes can modify the characteristics of water masses 85 

(Padman et al., 2009) and oceanic mean circulation (Robertson et al., 1998) before they 86 

flow in the sub-ice-shelf cavity. Consequently, tides can modulate the ice shelf basal 87 

melting and alter the thermohaline circulation in the sub-ice-shelf cavity (Padman et al., 88 

2003). At the Pine Island Bay Ice Shelf front, tides can pump water into the sub-ice-shelf 89 

cavity (Robertson, 2016). Under the ice shelves, tidal currents can enhance the turbulence 90 

by providing friction through ice-water drag (Hellmer & Olbers, 1989; Holland & 91 

Jenkins, 1999) and influence ice shelf melting (Robertson, 2013; Jendersie et al., 2018). 92 

Additionally, differences in tidal elevations also rhythmically stress the ice shelves on a 93 

daily basis, weakening their structure (Hulbe et al., 2016). 94 

In the past decades, most tidal measurements around Antarctica were focused on 95 

the vertical tide signal, i.e., tide elevations. Tidal observations were provided by both in 96 

situ and remote instruments, including tide gauges, tiltmeters, and satellite altimeter 97 

measurements. Lutjeharms et al (1985) documented tidal elevation measurements from 98 

tide gauges along the Antarctic coastline during the period 1900 to 1980. Restricted by 99 

the orbits of 66° latitude cut-off and sea ice coverage, the satellite altimeter 100 

measurements from TOPEX/Poseidon and Jason are not available for the Antarctic 101 

coastal regions. However, ocean tidal displacements can be estimated from ice shelf 102 
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surface displacements, if the observations are in hydrostatic equilibrium and far away 103 

from the grounding zone (Fricker et al., 2009).  104 

Recently, the state-of-the-art in ocean tidal measurements and influences on ice 105 

shelves around Antarctica have been well documented by Padman et al. (2018). The 106 

excellent review of Padman et al. (2018) summarized the modern methods for 107 

measuring ice shelf tidal elevations by Global Positioning System (GPS), satellite 108 

altimeter measurements including radar altimeters and laser altimeters, satellite gravity 109 

measurements, and synthetic aperture radar. With the aid of the sufficient dataset of 110 

tidal elevation measurements, the accuracies of Antarctic tidal models can be 111 

substantially improved. However, tidal currents rather than height variability may play a 112 

dominant role in affecting the basal mass balance of ice shelves (MacAyeal, 1984; 113 

Makinson and Nicholls 1999; Galton-Fenzi et al., 2012). 114 

With the aid of the conventional oceanographic moorings deployed on the 115 

Antarctic continental shelf, tidal-resolving current records in the shelf sea have been 116 

obtained during the past several decades. Johnson and Van Woert (2006) documented the 117 

current meter moorings deployed in the Ross Sea during the period 1980 to 1998, 118 

including three moorings near the Ross Ice Shelf front (Pillsbury & Jacobs, 1985). They 119 

highlighted the seasonal and interannual variability of the tidal currents. Semper and 120 

Darelius (2017) summarized the moorings with tide-resolving current meters in the 121 

Weddell Sea during the period 1968 to 2014, including four moorings near the Ronne Ice 122 
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Shelf front. They emphasized the summer enhancement of diurnal tidal currents at the 123 

shelf break induced by the resonance of coastal trapped waves. Compared to the 124 

extensive observations of tidal currents in the Ross and Weddell seas, tidal currents have 125 

not been well described in Prydz Bay, the third largest bay around Antarctica (Figure 1). 126 

  127 
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 128 

Figure 1. Topographical features from RTopo-2 in Prydz Bay (m). The red box in 129 

the lower inset shows the location of our region of interest. The Chinese Antarctic 130 

Expedition (CHINARE) moorings (red squares) are labeled by C1 and C2. The AMISOR 131 

moorings (green squares) are labeled by PBM1-PBM8. The AMISOR borehole sites 132 

(white pluses) are labeled by AM01-06. The thick white line shows the Amery Ice shelf 133 

(AIS) calving front.  134 
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Indeed, previous observational studies focused in Prydz Bay have already 135 

illuminated the tidal influences on the Amery Ice Shelf (AIS), the third-largest ice shelf 136 

around Antarctica. Based on an airborne reconnaissance, Mellor and McKinnon (1960) 137 

firstly reported large parallel cracks or crevasses on the AIS, presumably due to tidal 138 

shear forces. King et al. (2000) first post-processed the vertical displacement of the AIS 139 

measured by GPS receivers, and they reported spurious periodic signals from GPS time 140 

series (King et al., 2003), due to the presence of tidally-induced vertical ice surface 141 

oscillation. By assessing the vertical oscillations of free-floating AIS in response to tides, 142 

Fricker et al. (2009) firstly developed a benchmark map for the AIS grounding zone from 143 

a combination of satellite data. Additionally, one continuous 7-hour record from an 144 

acoustic current meter deployed at a borehole site drilled through the AIS showed an 145 

initial inflow swinging to a steady outflow about 3 h later (Craven et al., 2004), implying 146 

that the observed currents in cavity might be dominated by tides (Padman et al., 2018). In 147 

reality, tidal currents rather than height variability play a more dominant role in affecting 148 

the basal mass balance of ice shelves (MacAyeal, 1984; Makinson and Nicholls 1999; 149 

Galton-Fenzi et al., 2012), stressing the importance of tidal current measurements in 150 

Prydz Bay.  151 

The long term tidal current measurements are so limited that previous 152 

investigations focused on the tidal currents in Prydz Bay are mostly based on numerical 153 

models (Galton-Fenzi et al., 2012; Hemer et al., 2006; Maraldi et al., 2007). By 154 
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employing a barotropic tidal model (1/10°× 1/30°), Hemer et al. (2006) described the 155 

simulated tidal amplitudes and phases of the main tidal constituents in detail, consistent 156 

with the simulated results from the Circum-Antarctic Tidal Simulation (Padman et al., 157 

2002), and Hemer et al. (2006) proposed that the barotropic tidal mixing had little 158 

influence on the AIS basal melting due to the weak tidal currents. However, Galton-Fenzi 159 

et al. (2012) suggested that the simulated tides could lead to large fluctuations in the 160 

ocean heat content of the AIS cavity and consequently play an important role in the AIS 161 

basal mass balance. The different results in previous modeling studies are probably due to 162 

the large uncertainties of the simulated tides in polar regions (Padman et al., 2018; Ray et 163 

al., 2019). Dominant sources of uncertainties may result from uncertainties in the 164 

topography, model resolution, and open boundary conditions. For example, the tidal 165 

currents applied at the open boundary conditions in Galton-Fenzi et al. (2012) are 166 

provided by a simple analysis tidal signal data set from Murray (1964). The uncertainties 167 

of the tidal boundary conditions are largely dependent on the accuracy of the tidal 168 

currents prescribed at the open boundaries (Jourdain et al., 2019). Recently, the coupled 169 

ocean-sea ice-ice shelf modeling studies focused on Prydz Bay also showed some 170 

significant deficiencies due to the omission of tides in the ocean model (Liu et al., 2017; 171 

2018). Therefore, the quantitative assessments of the tidal currents and corresponding 172 

changes and tidal heat transports in Prydz Bay are particularly informative in better 173 

understanding the tidal influences on the AIS basal mass balance in Prydz Bay.  174 
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The principal aim of this study is to assess the direct tidal current observations in 175 

Prydz Bay. So far, the directly observed tidal currents near Prydz Bay have only been 176 

documented by Ohshima et al. (2013). As such, based on the long-term mooring arrays 177 

deployed in Prydz Bay, we aim to quantitatively describe the observed tidal currents and 178 

ellipses on the continental shelf. We also analyzed the vertical structure of changing tidal 179 

currents along the AIS calving front, with corresponding tidal heat transport. Furthermore, 180 

we preliminarily outline the potential tidal influences on the AIS basal melting based on 181 

hydrographic observations of borehole sites drilled through the AIS.  182 

The paper is organized as follows. Section 2 provides descriptions of the 183 

hydrographic observations and the methods used for assessing the tidal currents. A 184 

detailed evaluation of the observed tidal currents and potential impacts on the AIS are 185 

presented in section 3. Section 4 summarizes and provides a discussion of the results. 186 

2 Data and Methods  187 

2.1 Hydrographic Data and Modeling Data 188 

The observational data used in this study were from 10 moorings over the 189 

continental shelf and six borehole sites drilled on the AIS. The mooring array consists of 190 

2 moorings in the Prydz Channel (71-73.5°E), 7 moorings along the AIS calving front 191 

(70.4-74.6°E), and 1 mooring in the Svenner Channel (75.3°E; Figure 1). The latest 192 

topographic dataset RTopo-2 (the Refined Topography data set; Schaffer et al., 2016) 193 
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was used to provide the reference seafloor depth and ocean cavity geometry for our 194 

interpretation of the spatial distribution of the observational sites.  195 

The moorings near the AIS calving front were deployed as part of the Amery Ice 196 

Shelf Ocean Research (AMISOR) from February 2001 and recovered in February 2002 197 

(Figure 2a). In this study, we named these moorings from the AMISOR as PBM1 to 198 

PBM8 by following the previous literatures (Herraiz-Borreguero et al., 2016; 199 

Herraiz-Borreguero et al., 2015). Twenty-five rotor current meters were equipped on the 200 

AMISOR moorings, besides one acoustic current meter on PBM7. The AMISOR 201 

mooring array was deployed along the AIS calving front, except that PBM8 was located 202 

in the Svenner Channel (Figure 1). The details of the AMISOR mooring array design 203 

have been documented in Herraiz-Borreguero et al. (2016), with the data quality-control 204 

processes described in Herraiz-Borreguero et al. (2013; 2015). It is worth noting the 205 

significant discrepancy between the observed bathymetry and that in RTopo-2 (Figure 2). 206 
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 207 

Figure 2. (a) The cross-section of the AMISOR moorings along the AIS calving 208 

front (green squares shown in Figure 1), with the topography from RTopo-2. (b) The 209 

CHINARE moorings in Prydz Channel (red squares shown in Figure 1). (c) The 210 

moorings deployed through the AMISOR boreholes (white pluses shown in Figure 1). 211 

  212 
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Two moorings (hereafter called C1 and C2) were deployed in the Prydz Channel 213 

by the 29
th

 Chinese Antarctic Expedition (CHINARE), equipped with electromagnetic 214 

current meters (Figure 2b). C1 was deployed in March 2013 and recovered in February 215 

2015, and C2 was deployed in March 2013 and recovered in February 2015 (see Table S1 216 

in the supplementary for the details of the CHINARE moorings design). The velocity 217 

data was averaged over 1-hour time intervals. The local magnetic declinations were used 218 

to calculate the real northward and eastward velocity directions. The accuracy of the 219 

electromagnetic velocity sensor is ±1 cm s
-1

 in magnitude and ±2° in direction. The 220 

submarine channels intersecting the continental shelf break have significant dynamic 221 

effects on the Antarctic Slope Current and favor the CDW intrusion from the abyssal 222 

ocean onto the continental shelf (St-Laurent et al., 2013). Stewart et al. (2018) also 223 

suggested that the simulated tidal currents could induce a strong onshore heat transport 224 

across the shelf break at the depth from 500 m to 1000 m, East Antarctica. Accordingly, 225 

C1 and C2 deployed in the Prydz Channel at ~550 m depths were designed to capture the 226 

cross-shelf water mass exchanges and associated tidal processes (Figure 1).  227 

Six borehole sites, hereafter called AM01 to AM06, were hot water-drilled on the 228 

AIS as part of the AMISOR and operated from January 2001 to August 2011 (see Table 229 

S2 in the supplementary for the borehole sites design). In each borehole site, three 230 

thermosalinographs were deployed: adjacent to the ice shelf base, at the mid-depth of the 231 

cavity and over the seafloor, respectively (Figure 2c). Based on the hydrographic 232 

observations at these borehole sites, Herraiz-Borreguero et al. (2016) have described the 233 
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modified Circumpolar Deep Water (mCDW) intrusion at the northeastern flank of the 234 

AIS cavity. Based on the temperature and salinity records, we can assess the tidal 235 

influences on the seawater characteristics in the sub-ice-shelf cavity.   236 

The simulated barotropic tidal currents from the Circum-Antarctic Tidal 237 

Simulation version 2008 (CATS2008), an inverse tide model, were compared with the 238 

observed tidal currents at each mooring station. CATS2008 is an update to the regional 239 

model developed by Padman et al. (2002), covering the entire Southern Ocean south of 240 

56°S. The CATS2008 model assimilates a wide range of tidal height data from tide 241 

gauges, gravimeter measurements, TOPEX/Poseidon altimetry data, and the ICESat 242 

crossover data, with open boundaries driven by a global tides model TPXO5.1. It is worth 243 

noting that CATS2008 is a barotropic tidal model that is not coupled with sea ice 244 

evolution. 245 

2.2 Analysis Methods 246 

In this study, we carried out a harmonic analysis for the observed currents using 247 

the T_TIDE software (Pawlowicz et al., 2002) to obtain the tidal current amplitudes, 248 

phases (relative to Greenwich) and tidal ellipse inclinations of eleven tidal constituents. 249 

With the harmonic analysis results, we further calculated the heat flux induced by 250 

the tidal currents and residual currents for each current meter as follows:  251 

tr uuu



                                                               

(1) 252 

 fttide TTuF 


                                                (2) 253 
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 frres TTuF 


                                                (3) 254 

where 𝑢⃗  is the observed current, 𝑢⃗ t is the tidal currents from harmonic analysis, 𝑢⃗ r is 255 

the residual currents, T is the potential temperature from the thermosalinographs 256 

deployed near the current meter (Figure 2a), Tf is the freezing point temperature with the 257 

value of -2.8 °C (calculated on the basis of 34.5 psu and 1120 m depth where the deepest 258 

current meter is deployed), Ftide is the heat flux induced by tidal currents, and Fres is the 259 

heat flux induced by residual currents. 260 

In order to quantify the tidal contribution to the total kinetic energy in Prydz Bay, 261 

we calculated the Tidal Kinetic Energy (TKE) and the Residual Kinetic Energy (RKE). 262 

The time-averaged TKE was computed as follows: 263 

 2

t

2

t vu
2

1
TKE 

                                                (4)
 264 

where ut and vt are the analyzed zonal and meridional components of the tidal currents 265 

integrated over all tidal constituents, and the overbar indicates averaging over the entire 266 

observational period (typically one year, from February 2001 to February 2002). Then, 267 

the average RKE can be estimated by the residual currents: 268 

 2

r

2

r vu
2

1
RKE 

                                               (5)
 269 

where the ur and vr are the zonal and meridional components of the residual velocity 270 

fields. The ratios of TKE and RKE to the total Kinetic Energy (KE) can provide a 271 

preliminarily, quantitative estimate of the relative importance of tidal currents in Prydz 272 

Bay. 273 
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3 Results 274 

3.1 Phases, amplitudes and ellipses of tidal constituents 275 

The T_TIDE analysis were applied to all the current meter records from moorings 276 

(see Table S3 in the supplementary for the detailed results of the T_TIDE analysis), and 277 

we showed the velocity of the zonal and meridional tidal currents at C1 as an example 278 

(Figure 3). The averaged magnitudes of zonal tidal currents were typically less than 5 cm 279 

s
-1 

(Figure 3a, b); however, the maximal zonal tidal currents reached 11 cm s
-1

, twice as 280 

large as the typical velocity
 
observed on the continental slope off Cape Darnley (Ohshima 281 

et al., 2013). Both of the zonal and meridional tidal currents showed an evident 282 

oscillation with a period of about two weeks, coinciding with the spring-neap time scale 283 

(~14.8 days) presented in the KE power spectrum (the peak noted by a green line in 284 

Figure 3c). The KE power spectrum also showed significant peaks in the short period 285 

band less than 30 hours (the green block in Figure 3c), exerting the lunar and solar tidal 286 

currents (Figure 3d). The most energetic diurnal, semi-diurnal, third-diurnal, and quarter 287 

diurnal constituents peak in the luni-solar diurnal period (K1, 23.93 hours), the principal 288 

lunar semidiurnal period (M2, 12.42 hours), the shallow water tridiurnal period (MO3, 289 

8.37 hours), and the shallow water quarter diurnal period (MS4, 6.10 hours). The inertial 290 

period at the latitude of C1, ~12.98 hours, is nearly equal to the M2 period, yet there was 291 

no significant spectral peak at that period (Figure 3d).  292 
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 293 

Figure 3. (a) The original zonal velocity (the Cyan line) and the harmonically 294 

analyzed tidal velocity (the red line) observed by the current meter (at 340 m depth) at C1. 295 

(b) is the same as (a), but for the meridional velocity. The black box in (b) denotes the 296 

enlargement shown in Figure 4a. (c) The power spectra (blue lines) of the KE at C1. The 297 

red dashed lines show the 95% confidence level. The green line denotes the spring/neap 298 

tide periods. The green block in (c) denotes the enlargement shown in (d). (d) is the same 299 

as (c), but focused on the high-frequency band to show the most significant diurnal, 300 

semidiurnal, third-diurnal, and quarter diurnal tidal energy. 301 
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In addition to the tidal currents, the T_TIDE analysis results also provide the 302 

phases and amplitudes of the significant tidal constituents. Although the observed tidal 303 

currents at C1 was stronger than on the continental slope (Ohshima et al., 2013), the 304 

amplitudes of the residual zonal currents were still about twice as large as the zonal tidal 305 

currents (Figure 4a). The semidiurnal and diurnal tidal constituents were most significant 306 

(Figure 4b), with the four tidal constituents M2, O1, K1, and S2. M2, the principal lunar 307 

semidiurnal constituent (12.4 hours), was the largest component (Figure 4b). In order to 308 

diagnose whether the diurnal or semidiurnal tidal constituents are dominated, we 309 

computed the tidal current form factor, F=(major(K1)+ major(O1))/( major(M2)+ 310 

major(S2)), where major() is the maximal tidal velocity (the amplitudes shown in Figure 311 

4b) of the corresponding tidal constituent. A large F value indicates that the local tidal 312 

currents are diurnally dominated, and vice versa. To reveal the spatial distribution of the 313 

tidal current form factor in Prydz Bay, we calculated the F value of the T_TIDE analysis 314 

results from all of the current meter records. F at C1 was about 0.96, and the average F 315 

for all the current meter records was 0.84, indicating that the diurnal tidal currents were a 316 

little weaker than the semidiurnal tidal currents over the outer continental shelf. As 317 

expected, the energetic peaks in the rotary spectrum were in the diurnal, semidiurnal, and 318 

third-diurnal frequency (the red lines in Figure 4c), and there was still little energy in the 319 

inertial frequency that is on the positive flank of the rotary spectrum in the southern 320 

hemisphere (the green line in Figure 4c).  321 
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 322 

Figure 4. (a) The enlargement of the original zonal velocity, residual velocity and 323 

tidal velocity over the first 100 days (the black box shown in Figure 3b) observed by the 324 

current meter at C1. (b) The amplitudes (the maximal tidal velocity; grey bars) and 325 

phases (blue circles) of the harmonic analyzed tidal constituents. The blue error bars 326 

indicate the 95% confidence interval of tidal phases. F value is the tidal current form 327 

factor. (c) The rotary spectrum of the velocity observed at C1. The red lines show the 328 

frequency of the main tidal constituents M2, O1, K1, and S2. The green line denotes the 329 

frequency of the inertial oscillation.  330 
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In order to delineate the temporal evolution and horizontal distribution of the tidal 331 

currents over the continental shelf, we assessed the tidal ellipses for the primary tidal 332 

constituents based on the records from the shallowest current meter on each mooring, 333 

with the corresponding depths ranging from 199 m (PBM8) to 470 m (PBM7). The 334 

semi-major axes of the M2 tidal ellipses derived from the shallowest current meters were 335 

all less than 3 cm s
-1

 over the continental shelf (blue and red ellipses in Figure 5), with 336 

the maximum of 2.79 cm s
-1 

for the M2 constituent
 
at C2. The averaged semidiurnal 337 

semi-major axis along the AIS calving front was approximately 1.5 cm s
-1

 for the M2 and 338 

S2 constituents, and 1.1 cm s
-1

 for the diurnal K1 and O1 constituents (see Figure S1 in the 339 

in the supplementary for details). Essentially, the magnitudes of the semidiurnal currents 340 

were slightly larger than those of the diurnal currents, and the tidal ellipses were mostly 341 

cyclonic, except at the C2, PBM3, and PBM4. The smallest semi-major axis (0.39 cm s
-1

) 342 

was observed in the Prydz Channel for the M2 constituent. The alignments of the 343 

principal axis of the semidiurnal and diurnal tidal ellipses were generally north-south in 344 

the Prydz Channel and perpendicular to the AIS calving front. At the AIS calving front, 345 

the maximal tidal currents for the semidiurnal constituents were identified at PBM4 and 346 

PBM5, yet the maximal tidal currents for the diurnal constituents occurred at PBM5 and 347 

PBM7 (see Table S3 in the supplementary for details). It is interesting to note that PBM1, 348 

PBM2, and PBM3 were located at the intrusion path through which mCDW was 349 

transported into the AIS cavity, implying that the observed tidal currents may have 350 

potential influences on the AIS basal mass melting by bringing warm mCDW into the 351 
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AIS cavity. The simulated barotropic tidal ellipses from CATS2008 (green and yellow 352 

ellipses in Figure 5) were not in close agreement with the observed tidal ellipses from 353 

moorings, implying the potential uncertainties in the Antarctic tide models (Ray et al., 354 

2019). Importantly, CATS2008 is a barotropic tide model with only barotropic tidal 355 

currents predicted, and thereby the discrepancy between observation and CATS2008 is 356 

probably due to the baroclinic tidal currents in observation. Around the Antarctic 357 

continent, the tidal phase generally propagates from the east to the west. The 358 

non-monotonic changes in the tidal phases along the AIS calving front may also 359 

underline the influences of baroclinic tidal processes (Figure 5). 360 

  361 
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 362 

Figure 5. The tidal current ellipses of the M2 constituent from the shallowest 363 

current meters equipped on the AMISOR moorings along the AIS calving front and the 364 

moorings at C1 and C2 (the deployed depths of current meters ranges from 312 m to 470 365 

m; see Table S1 and Table S3 in the supplementary for details), with the corresponding 366 

phases (the numbers at the tidal ellipses in degrees). Red ellipses are anticyclonic, and 367 

blue ellipses are cyclonic. The simulated barotropic tidal current ellipses from CATS2008 368 

are also presented with green ellipses (anticyclonic) and yellow ellipses (cyclonic).  369 

  370 
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The AMISOR moorings along the AIS calving front (from the westernmost PBM7 371 

to the easternmost PBM1) provided an opportunity to assess the vertical structure of the 372 

tidal currents for the main tidal constituents along the AIS calving front (Figure 6). There 373 

were no evident changes in the tidal ellipses for the four main tidal constituents with 374 

depth, implying that the tidal currents along the AIS front were primarily barotropic, 375 

except at PBM7. The increasing inclinations of the ellipse principal axes with depth at 376 

PBM7 appeared to be induced by the baroclinic tidal components, suggesting the spatial 377 

asymmetry of the tidal currents at the AIS calving front. In principle, the cyclonic 378 

rotation of tidal ellipses with depth at PBM7 probably indicated the dynamic response of 379 

the vertical tidal currents shear to the steeply deepening topography (Figure 2a), i.e., due 380 

to the generation of internal tides (Padman et al., 2006). For the M2, O1, K1, and S2 381 

constituents, the maximal tidal currents were observed at PBM5 (current meter deployed 382 

at 457 m depth), decreasing on both the east and west sides. The simulated tidal ellipses 383 

from CATS2008 (black dashed lines in Figure 6) were of similar inclinations to the 384 

mooring observations at PBM3, PBM6, and PBM5, with some discrepancies at PBM2 385 

and PBM4. The eccentricities (the ratio of semi-minor axis over the semi-major axis) 386 

were similar, except at PBM1. Apart from the misfit at PBM7 where there are strong 387 

baroclinic tidal currents, as a barotropic tide model, CATS2008 still can provide 388 

benchmark results for the tidal forcing of ocean models.  389 
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 390 

Figure 6. The tidal ellipses of the (a) M2, (b) S2, (c) K1, and (d) O1 constituents 391 

for the current meters equipped on the moorings along the AIS calving front. Each tidal 392 

ellipse is color coded according to the depth at which the measurements were sampled. 393 

The black dashed lines show the simulated barotropic tidal current ellipses from 394 

CATS2008. 395 



26 

 

 

3.2 Kinetic energy 396 

Before we document if the tidal currents in Prydz Bay can play an important role 397 

in the heat transport and the AIS basal mass balance (Hemer et al., 2006; 398 

Herraiz-Borreguero et al., 2016; Galton-Fenzi et al., 2012), it is instructive to conduct a 399 

quantitative assessment of the proportion of the TKE̅̅ ̅̅ ̅̅  in Prydz Bay. The harmonic 400 

analysis results for velocity fields showed the amount TKE̅̅ ̅̅ ̅̅  that can be accounted for in 401 

the KE̅̅̅̅  (Figure 7). The highest TKE̅̅ ̅̅ ̅̅  proportion even reached 32% at C1 in the center of 402 

the Prydz Channel, and the lowest TKE̅̅ ̅̅ ̅̅  proportion only accounted for 2% at PBM8 in 403 

the Svenner Channel. On the whole, the observed TKE̅̅ ̅̅ ̅̅  accounted for about 13% of the 404 

total KE̅̅̅̅  at the AIS calving front, with a maximum up to 25% at PBM3 (Figure 7). In 405 

agreement with the observed weak tidal currents off Cape Darnley by Ohshima et al. 406 

(2013), the averaged magnitudes of the tidal currents over the continental shelf were 407 

likely to be so weak (~ 2.58 cm s
-1

) that they may not make a direct contribution to the 408 

AIS basal melting (Herraiz-Borreguero et al., 2016). However, the observed mean 409 

velocity at the AIS calving front from PBM1-7 was only 7.16 cm s
-1

, with a maximum of 410 

14.16 cm s
-1 

at the top layer of PBM7, implying the residual currents were also not very 411 

strong. In addition, the observed maximal tidal currents reached 13.12 cm s
-1 

at the PBM 412 

7 at a depth of 694 m. Considering the ratios of TKE̅̅ ̅̅ ̅̅  and RKE̅̅ ̅̅ ̅̅  to KE̅̅̅̅ , the observational 413 

records confirmed the simulated results in Galton-Fenzi et al. 2012 that the tides can 414 

induce significant oscillation in the heat content in the AIS cavity. Therefore, we suggest 415 
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that the contribution of the tidal processes should not be omitted in consideration of the 416 

influences on the AIS basal mass balance. Compared to the observed TKE̅̅ ̅̅ ̅̅  in Prydz 417 

Channel and at the AIS calving front, the simulated results in a high resolution (~1 km) 418 

general circulation model still showed a stronger averaged TKE̅̅ ̅̅ ̅̅  bias (Stewart et al., 419 

2018), highlighting the uncertainty in the simulated tides in Prydz Bay. 420 

  421 
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 422 

Figure 7. The proportions of average TKE and RKE in the total KE for all of the 423 

current meters.  424 

  425 
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3.3 The seasonality of tidal currents 426 

Driven by the astronomical forcing, tidal currents vary on regular time-scales, yet 427 

changes in tidal currents can be induced by the non-astronomical factors. Haigh et al., 428 

2020 comprehensively reviewed the changes in tidal properties over multiple time scales 429 

and highlighted the responsible mechanisms such as water depth, coastline position, sea 430 

ice coverage, sea bed roughness, ocean stratification, and so on. In the Antarctic marginal 431 

sea, the changes in tidal currents may be primarily attributed to the variations in the 432 

extent of the sea ice cover, the geometric configuration of the ice shelf and oceanic 433 

stratification.  434 

Since the observational records span about 1 year, we assessed the seasonality of 435 

the tidal currents rather than long-term changes. In this study, the summer period is 436 

December, January, and February; autumn is March, April, and May; winter is June, July, 437 

and August; and spring is September, October, and November. The changes in tidal 438 

currents can be classified by the changes in the length of the semi-major axes, the 439 

eccentricity and the inclination of tidal ellipses. For the M2 constituent, the most stable 440 

tidal currents were found at C1 (Figure 8), with nearly no changes in any factors of the 441 

tidal ellipses between different seasons. The most significant changes were identified at 442 

PBM1, at depth 681 m, with remarkable seasonal variability in the semi-major axes, the 443 

eccentricity and the inclination of tidal ellipses. Generally, the seasonal variability in the 444 

eccentricity rather than in the semi-major axes or the inclination could be clearly 445 
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identified in the tidal ellipses of the remaining current meter records. Similar results 446 

could also be found in the tidal ellipses of the S2, K1 and O1 constituents (see Figure 447 

S2-S4 in the supplementary), with relatively larger variability in the length of the 448 

semi-major axes. Considering the spatial asymmetry of the tidal currents at the AIS 449 

calving front, we also assessed if there are changes in the barotropic characteristic of the 450 

tidal currents. As expected, the significant baroclinic tidal currents of the M2 constituent 451 

were only observed at PBM7, near the western corner of the AIS front (Figure 9), 452 

indicating that the internal tides observed at PBM7 may be correlated with the abrupt 453 

deepening in the bathymetry rather than the oceanic stratification (see Figure S5-S7 in the 454 

supplementary for the similar result of the S2, K1, and O1 constituents). The rotary 455 

spectrum of the velocity observed by the shallowest current meters of the moorings at the 456 

AIS calving front showed evident peaks at the diurnal and semidiurnal tidal frequency 457 

band, with relatively weak diurnal energy levels at the positively-rotating spectra (Figure 458 

10). The differences of the tidal energy peaks between different seasons suggested an 459 

apparent seasonality of tidal currents. Generally, the tidal energy peak was weakened in 460 

summer and intensified in spring (see Figure S8 in the supplementary for the rotary 461 

spectrum of all the remaining current meter records). 462 
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 463 

Figure 8. The tidal ellipses of the M2 constituent for the current meters. Each tidal 464 

ellipse is color coded according to the season when the measurements were sampled.  465 

 466 
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 467 

Figure 9. The tidal ellipses of the M2 constituent for the current meters equipped 468 

on the moorings at the AIS calving front in (a) summer, (b) autumn, (c) spring, and (d) 469 

winter. Each tidal ellipse is color coded according to the depth at which the 470 

measurements were sampled.  471 
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 472 

Figure 10. The rotary spectrum of the velocity observed at the shallowest current meters 473 

of the moorings at the AIS calving front. The diurnal and semidiurnal tidal frequency 474 

band is marked in grey. Each line is color coded according to the season when the 475 

measurements are sampled.  476 
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Here, we try to briefly discuss the potential mechanisms responsible for the 477 

seasonality of tidal currents in Prydz Bay. Tidal variability can be induced through 478 

interactions between the sea ice and the surface tidal currents on a seasonal timescale by 479 

increased friction at the ice-ocean interface during times of sea ice (St. Laurent et al., 480 

2008; Müller et al., 2014). The tides can also be influenced by the changes in the extent 481 

of ice shelves and the shape of the ocean cavities; however, the corresponding timescale 482 

is usually longer than seasonal periods. In addition, changes in ocean stratification can 483 

aid the seasonal variability in tidal currents by changing the transfer energy from 484 

barotropic to baroclinic tides. The ocean stratification in Prydz Bay is comprehensively 485 

determined by the sea ice evolution, the mCDW intrusion (Herraiz-Borreguero et al., 486 

2016; Liu et al., 2017), and the AIS basal melting (Galton-Fenzi et al., 2012) on seasonal 487 

timescales (see Figure S9 in the supplementary for the ocean stratification observed at the 488 

AIS calving front). Though we were hampered to quantitatively study what the dominant 489 

role is in regulating the seasonality of the tidal currents, yet our assessment might provide 490 

useful insights for future modeling studies focused on Prydz Bay. 491 

3.4 Heat transport 492 

To preliminarily examine the potential tidal contribution to the AIS basal mass 493 

balance, we first assessed the heat flux induced by the mooring observed tidal currents 494 

and residual currents, respectively. There was evidence that tide currents can modify the 495 

properties and circulation of water masses before they flow into the sub-ice-shelf cavity 496 
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by tidal mixing (Padman et al., 1992; Padman et al., 2009) and tidal rectification (Padman 497 

et al., 1992; Robertson et al., 1998) in the Ross Sea and the Weddell Sea. Considering the 498 

ratios of TKE̅̅ ̅̅ ̅̅  to KE̅̅̅̅  described in section 3.2, the tidal currents had the potential to 499 

significantly influence the characteristics and circulation of water masses in Prydz Bay. 500 

However, due to the very limited hydrographic data and the paucity of microstructure 501 

measurements, we cannot directly calculate the tidal contribution to mixing. To address 502 

this shortcoming, we calculated the heat flux at the AIS calving front to preliminarily 503 

evaluate if the tidal currents had the potential ability to induce significant oscillations of 504 

the heat content in the AIS cavity. Since the long term heat flux and consequent 505 

influences on the AIS basal melting has already been well documented in previous 506 

studies (Herraiz-Borreguero et al., 2015; Herraiz-Borreguero et al., 2016), here we only 507 

focused on the heat flux induced by tidal currents that have not been documented in 508 

Herraiz-Borreguero et al. 2016. As expected, the average tidal heat transport at the AIS 509 

calving front over the whole observational period was relatively small, with a typical 510 

value < 0.05 °C m s
-1

, whereas the average zonal and meridional residual heat flux could 511 

be up to 0.42 °C m s
-1 

and 0.82 °C m s
-1

, respectively (Figure 11). It was reasonable to 512 

find that the long term average of tidal heat flux was very small since the tidal currents 513 

are typically periodical oscillations. However, we found that the ratio of the tidal heat 514 

flux standard deviation to the residual heat flux standard deviation can be up to 41% (see 515 

Table S4 in the supplementary for the details). The salinity transport was also highly 516 

consistent with the heat flux (see Table S5 in the supplementary for the details). These 517 
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results indicated that tidal processes can resulted in significant oscillations in the heat 518 

content in the AIS cavity, confirming the simulated results in Galton-Fenzi et al. (2012). 519 

We agreed with Herraiz-Borreguero et al. (2016; 2015) that such periodic heat transport 520 

induced by tidal currents would not directly contribute to the ice shelf basal mass balance, 521 

yet the significant tidal oscillation in the AIS cavity may still enhance the AIS basal mass 522 

melting by enhancing mixing and heat content redistribution beneath the AIS. Therefore, 523 

the ice shelf basal melting induced indirectly by the tidal heat transport into the 524 

sub-ice-shelf cavity may start a density-driven current that can make a non-linear 525 

contribution to the ice pump cycle. Furthermore, in the western flank of the AIS cavity, 526 

the tidal oscillations can favor the transport and redistribution of the frazil ice generated 527 

by the ascending super-cooled ISW (Cheng et al., 2019; Cheng et al., 2017; Galton-Fenzi 528 

et al., 2012; Natalie 2011), which was important for both basal melting and marine ice 529 

accretion (refreezing). In section 3.5, we further diagnosed the hydrographic observations 530 

from borehole sites to show if the AIS basal surface can feel the oscillation in the heat 531 

content of the AIS cavity. 532 
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 533 

Figure 11. The heat flux (°C cm s
-1

) at the shallowest current meters of the 534 

moorings at the AIS calving front (the direction is perpendicular to the AIS calving front). 535 

The cyan lines show the heat flux induced by the residual currents, and the red lines show 536 

the heat flux induced by the tidal currents. 537 
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3.5 Tidal footprints beneath the AIS 538 

In the ocean cavity, tides can modulate the ice shelf basal mass balance through 539 

their contribution to the thermal forcing (Hellmer and Olbers, 1989; Holland and Jenkins 540 

1999), which is proportional to Tu*, where T is the difference between the potential 541 

temperature and in situ freezing point; u* is the friction velocity that is related with the 542 

turbulent kinetic energy in the ocean layer adjacent to the ice base. First, tidal currents 543 

can directly contribute to increased turbulence in the ocean layer beneath the ice shelf, 544 

especially in the cold cavity where the residual currents are weak. Second, the tidal 545 

modulation of the friction velocity in the boundary layer can induce changes in the 546 

temperature of the water masses through mixing, and thereby modify T. For example, 547 

the Ross Ice Shelf and the Filchner-Ronne Ice Shelf basal melting have been proposed to 548 

be initiated by the small-scale turbulence induced by tidal mixing that brings denser SW 549 

to mix with ISW, and such mixture can come into contact with the ice shelf base 550 

(MacAyeal, 1984; Makinson & Nicholls, 1999; Robertson, 2016). Since there was no 551 

long-term current record in the AIS cavity, we had to focus on the tidal modulation of T 552 

in the AIS cavity. 553 

In order to diagnose tidal processes beneath the AIS, we analyzed the observed 554 

potential temperature and salinity over longer time-spans from six borehole sites. 555 

Compared to directly diagnosed current fields beneath the AIS, assessments of the 556 

potential temperature and salinity records were not a straightforward way to study the 557 
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evolution of tidal currents and the consequent influences on the AIS basal mass balance. 558 

Unfortunately, the paucity of long-term velocity observations in the AIS cavity still 559 

limited our ability to directly diagnose how the tidal currents evolve beneath the AIS. 560 

Alternatively, we analyzed the observed records of the potential temperature and salinity 561 

from 18 thermosalinographs deployed in the borehole sites (see Figures S9-S14 in the 562 

supplementary for the full-time series of all the thermosalinograph records). These 563 

potential temperature and salinity records may help us find the tidal footprints in the AIS 564 

cavity.  565 

By assessing the records of all the 18 thermosalinographs (see Figure S10-S15 in 566 

the supplementary for the original time series), we found that 4 thermosalinographs at 567 

four borehole sites (AM01, AM02, AM03, and AM06) captured significant oscillations 568 

that may be coherent with tidal currents (the thin lines in Figure 12). AM02, AM06, and 569 

AM03 were located in the eastern flank of the AIS where warm inflow could flow 570 

through these three borehole sites (Figure 1). Consistent with the results of 571 

Herraiz-Borreguero et al. (2015), warm mCDW were observed at AM02 (see Figure S11 572 

in the supplementary), indicating that the AIS basal surface can be directly exposed to 573 

these warm signals (warmer than the local freezing point temperature) with tide-like 574 

oscillations (Figure 12). AM01 was located in the western flank of the AIS (Figure 1), 575 

where the cold outflow rises buoyantly with frazil ice accreting to the ice base 576 

(Herraiz-Borreguero et al., 2013). Our assessments showed that the tidal currents may be 577 

significant in both the inflow and outflow beneath the AIS. We have not identified 578 
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similar tidal oscillations in the remaining thermosalinograph records, probably due to that 579 

their depths were not sufficiently near the vertical fronts between two water masses, 580 

which is necessary to accurately estimate tidal influences in temperature or salinity data.  581 

  582 



41 

 

 

 583 

Figure 12. The first month of the temperature (thin red dashed lines; in °C) and 584 

salinity (thin blue dashed lines; in psu) time series observed by thermosalinographs 585 

deployed adjacent to the AIS basal surface the at the borehole sites of (a) AM02; (b) 586 

AM06, (c) AM03 and (d) AM01 in the first month of the observational periods. The thick 587 

red solid lines and the thick blue solid lines show the 2-day moving averages applied to 588 

the original time series of temperature and salinity, respectively. The black line shows the 589 

in situ freezing point temperature with respect to the in situ salinity and pressure, and 590 

thereby T is the difference between the observed potential temperature (red lines) and 591 

the in situ freezing point (black lines). 592 

  593 
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In order to quantitatively clarify if the oscillations identified in the potential 594 

temperature and salinity records were related to tidal currents, we further assessed the 595 

power spectra of the potential temperature and salinity records from the 18 596 

thermosalinographs deployed at the six borehole sites. As expected, only the observed 597 

potential temperature and salinity records shown in Figure 12 exhibited significant power 598 

spectra energy within the diurnal and semi-diurnal tidal frequency bands (Figure 13). In 599 

particular, the dominant peaks in the spectra fall at the M2, O1, K1, and S2 constituents at 600 

AM06 (Figure 13c-d). Note that the loggers of AM02, AM06, and AM03, which 601 

recorded significant tidal power spectra, were all deployed in the ocean layer adjacent to 602 

the AIS basal surface (Figure 2c), within the turbulent ice-ocean boundary layer (Jenkins 603 

et al., 2010; McPhee et al., 2008). As such, the tide-like pulsing of warm signals induced 604 

by the tidal currents in the ice shelf-ocean boundary layer may have direct influence on 605 

the AIS basal melting by modulating the turbulent heat flux at the ice-ocean interface 606 

(Hellmer & Olbers, 1989; Holland & Jenkins, 1999). The thermosalinographs deployed at 607 

a middle layer at AM01 also recorded the significant power spectra associated with the S2, 608 

M2, and O1 tidal oscillations (Figure 13g-h). Since the buoyant ISW carrying enriched 609 

frazil ice ascended along the western flank of the AIS cavity (Craven et al., 2009; 610 

Herraiz-Borreguero et al., 2013), the power spectra peaks identified at AM01 implied that 611 

the tidal currents could have contributed to the transport and redistribution of frazil ice 612 

that promotes the AIS basal freezing rate (Galton-Fenzi et al., 2012). Therefore, these 613 

significant tide-like oscillations of potential temperature and salinity indicated that the 614 
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AIS basal mass balance can be significantly influenced by tidal currents and 615 

corresponding heat transport noted in sections 3.3 and 3.4.  616 

  617 
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 618 

Figure 13. The power spectra (blue lines) of the potential temperature (a, c, e, g) 619 

and salinity (b, d, f, h) from the thermosalinographs equipped on the borehole sites for (a, 620 

b) AM02, (c, d) AM06, (e, f) AM03 and (g, h) AM01. The red dashed lines show the 95% 621 

confidence level. 622 
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4 Conclusions with Remarks 623 

In this study, the tidal currents were quantitatively assessed based on 10 long-term 624 

moorings deployed over the continental shelf in Prydz Bay. By assessing the current 625 

meter records, in conjunction with the thermosalinograph records, we documented the 626 

characteristics of the tidal currents, the TKE, and the tidal heat transport. Tides in Prydz 627 

Bay were mixed diurnal-semidiurnal, and the observed tidal currents were much weaker 628 

than those in the Ross Sea and the Weddell Sea. As expected, the tidal energy was 629 

concentrated at the semidiurnal and diurnal tidal frequencies, with four main tidal 630 

constituents M2, O1, K1, and S2. Based on harmonic analysis for the observed currents, 631 

we found that the averaged magnitude of tidal currents was relatively larger in the Prydz 632 

Channel (3.3 cm s
-1

) and decreased shoreward with the minimum (1.24 cm s
-1

) occurring 633 

in the Svenner Channel. The major axes of the tidal ellipses were generally aligned 634 

south-north, steered by the topography, consistent with the results from previous 635 

observational and modeling studies (Nunes Vaz & Lennon, 1996; Padman et al., 2002; 636 

Hemer et al., 2006). Although the residual components of the current dominated the KE 637 

in Prydz Bay, the tidal contribution still cannot simply be neglected due to the 638 

indispensable proportion of TKE to KE, especially near the continental shelf break and at 639 

the AIS calving front. Considering the noticeable standard deviation of the heat transport 640 

induced by tidal currents, we confirmed the simulated tidal contribution to the heat 641 

content oscillation in the AIS cavity in Galton-Fenzi et al. (2012). Meanwhile, by 642 

assessing the rotary spectrum for all the current meter records, we also found that there is 643 
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a significant seasonality in the tidal currents. The tidal energy seems to be weakened in 644 

the austral summer, yet the corresponding mechanism has not been clarified. 645 

Based on the assessment of the hydrographic observations from the borehole sites 646 

on the AIS, we found periodic oscillations of the potential temperature and salinity 647 

records at the diurnal and semidiurnal tide frequency. In previous barotropic modeling 648 

studies, the water column in the AIS cavity was believed to have strong stratification 649 

induced by the melting of the AIS basal surface (Hemer et al., 2006; Maraldi et al., 2007). 650 

These modeling studies argued that the simulated tidal mixing beneath the AIS is too 651 

weak to overcome the stratification, and thereby the AIS basal surface was quite 652 

inaccessible to the descending dense SW. Recently, both observational and modeling 653 

studies revealed that warm mCDW can intrude onto the continental shelf and approach 654 

the AIS calving front (Herraiz-Borreguero et al., 2016; Herraiz-Borreguero et al., 2015; 655 

Liu et al., 2018; Williams et al., 2016), consistent with the mode 2 of ice shelf basal 656 

melting pattern described in Jacobs et al. 1992 and Dinniman et al. 2016. The mCDW 657 

intrusion in the AIS cavity was observed at the AM02 borehole site (70.33°E, 70.56°S), 658 

indicating that the AIS cavity can be regarded as a partially warm cavity in autumn and 659 

winter. Since the stratification between mCDW and ice shelf meltwater was not as strong 660 

as that between dense SW and ice shelf meltwater, the warm mCDW may come into 661 

contact with the AIS base without the requirement of strong vertical tidal mixing 662 

identified in the Ross Ice Shelf and Filchner-Ronne Ice Shelf cavities. Meanwhile, the 663 

tidal oscillations identified at AM01 may favor the transport and redistribution of frazil 664 



47 

 

 

ice. As such, we suggest that the tidal processes may act to influence the AIS basal mass 665 

balance even with relatively weak tidal currents.  666 

Moreover, our quantitative assessment of the tidal currents in Prydz Bay is useful 667 

for further modeling studies, e.g., by providing constraints for open boundary conditions 668 

and validating the model results. Based on the observed tidal currents over the continental 669 

shelf, combined with the observed tide-like oscillations of the hydrographic 670 

characteristics in the AIS cavity, we argue that the tidal currents are expected to play an 671 

important role in regulating the AIS basal mass balance. The novel feature of this study is 672 

that it provides the benchmark validation for sensitivity experiments and open boundaries 673 

constraints in future modeling studies. However, due to the sparsity of observational data, 674 

the quantitative contribution of tides to the AIS basal mass balance and the mechanisms 675 

responsible for the tidal seasonality remain unexplored. Thus, it will be interesting to 676 

revisit the interactions between the AIS and the ocean in Prydz Bay by employing a 677 

coupled regional ocean-sea ice-ice shelf model that properly includes tidal processes.  678 

 679 

 680 

 681 

 682 
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