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Tides play a key role in regulating the circulation and water properties around Antarctica, yet tidal currents
and the corresponding influences in Prydz Bay have not been quantified with observational datasets.
This study focuses on the observed characteristics of tidal currents and quantifies the tidal contribution
to the basal melting of the Amery Ice Shelf (AIS). Long-term hydrography observations are provided
by 10 moorings over the continental shelf and 6 borehole sites drilled through the AlS. Based on the
mooring observations, we analyze the observed tidal currents, and evident seasonality in the mixed
diurnal-semidiurnal tidal currents is identified. Barotropic tides dominate the tidal currents at the AIS
front, except at the western corner where the seabed is abruptly deeper. The spatially and temporally
averaged magnitude of tidal currents for all the current meter records is only ~3 cm s~ However, an
observed maximum tidal velocity of ~11 cm s~ occurs at the AIS front, and the maximal time-averaged
tidal kinetic energy reaches ~31% of the total kinetic energy over the outer continental shelf. Based on the
borehole observations, tide-like pulsing is identified in the ocean layer adjacent to the AIS basal surface.
The maximal tidal contribution of the AIS basal melting is estimated at 69% based on a simple model.
Due to the paucity of long-term velocity observations in the sub-ice-shelf cavity, the uncertainties of the
estimated tide-induced melting in this study could be attributed to the simulated velocity.
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Introduction

Tides play a key role in the circulation and hydrographic prop-
erties around Antarctica. At the continental shelf break, tides
can transport Circumpolar Deep Water (CDW) onto the con-
tinental shelf [1,2] and enhance the spread and descent of dense
Shelf Water (SW) over the continental slope [3,4]. The internal
tides generated by the topographic dynamic effects on these
barotropic tides can induce mixing, which is particularly
important at the continental shelf break where several water
masses, including CDW, Ice Shelf Water (ISW), and SW meet.
For example, Antarctic Bottom Water formation in the south-
ern Weddell Sea can be enhanced by mixing CDW and SW [5].
Antarctic Bottom Water production and exportation are also
favored by the tidal mixing of Antarctic Surface Water, CDW,
and SW at the outer edge of the continental shelf [6-8], where
the maximal tidal currents can exceed 1 m s~ [6,9]. The diver-
gence of tidal currents can cause lead formation in sea ice,
enabling higher heat loss from the ocean to the atmosphere
and increasing sea ice and dense-water production [10]. Over
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the continental shelf, tides can modify the water mass charac-
teristics [7] and mean oceanic circulation before they flow into
the sub-ice-shelf cavity. Consequently, tides can modulate the
ice shelf basal melting and alter the thermohaline circulation
in the sub-ice-shelf cavity [9]. At the Pine Island Bay Ice Shelf
front, tides can pump water into the sub-ice-shelf cavity [11].
Tidal currents amplify turbulence under ice shelves by provid-
ing friction through ice-water drag [12,13] and reinforce ice
shelf melting [14,15], especially in cold-cavity cases [16-18].
Additionally, the differences in tidal elevations rhythmically
stress ice shelves on a daily basis, weakening their structure
[19,20]. Modern methods for measuring ice shelf tidal eleva-
tions include the Global Positioning System (GPS), satellite
altimeter measurements including radar altimeters and laser
altimeters, satellite gravity measurements, and synthetic aperture
radar [21]. With the aid of a sufficient dataset of tidal elevation
measurements, the accuracies of Antarctic tidal models can be
substantially improved. However, tidal currents rather than
height variability may play a dominant role in affecting the
basal mass balance of ice shelves [14,16,22,23].
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Conventional oceanographic moorings deployed on the
Antarctic continental shelf have provided tide-resolving cur-
rent records in shelf seas over the past several decades. Current
meter moorings were deployed in the Ross Sea from 1980 to
1998 [24], including 3 moorings near the Ross Ice Shelf front
[25], and the seasonal and interannual variabilities of the tidal
currents have been examined [24]. Semper and Darelius [26]
summarized data from moorings with tide-resolving current
meters in the Weddell Sea from 1968 to 2014, including 4
moorings near the Ronne Ice Shelf front. They emphasized the
summer enhancement of diurnal tidal currents at the shelf
break induced by the resonance of coastal trapped waves.
Compared to the extensive observations of tidal currents in
the Ross and Weddell seas, tidal currents have not been well
described in Prydz Bay, the third largest in Antarctica (Fig. 1).

Previous observational studies focused on Prydz Bay have
already highlighted the influences of tidal elevation on the
Amery Ice Shelf (AIS), the third-largest ice shelf in Antarctica.
Based on an airborne reconnaissance, Mellor and McKinnon
[27] reported large parallel cracks or crevasses on the AIS, pre-
sumably due to tidal shear forces. King et al. [28] postprocessed
the vertical displacements of the AIS measured by GPS receivers,
and they reported spurious periodic signals from the GPS time
series [29] due to the presence of tidally induced vertical ice
surface oscillation. By analyzing the vertical oscillations of the
free-floating AIS in response to tides, Fricker et al. [30] devel-
oped a benchmark map for the AIS grounding zone from a
combination of satellite data. Additionally, 1 continuous 7-h
record from an acoustic current meter deployed at a borehole
site drilled through the AIS showed an initial inflow swinging
to a steady outflow ~3 h later [31], implying that the observed
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Fig.1.Topographical features from RTopo-2 in Prydz Bay (m). The red box in the lower
inset shows the region of interest. Green squares show the mooring locations. The
Chinese Antarctic Expedition (CHINARE) moorings are labeled C1and C2. The AMISOR
moorings are labeled PBM1 to PBM8. The AMISOR borehole sites (white pluses) are
labeled AMO1 to AMO6. The thick white line shows the AIS front.
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currents in the cavity might be dominated by tides [21]. In
reality, tidal currents are important and have received little
attention to date in Prydz Bay, stressing the importance of tidal
current measurements.

Because long-term tidal current measurements are so lim-
ited, previous investigations focused on the tidal currents in
Prydz Bay have been mostly based on numerical models
[23,32,33]. By employing a barotropic tidal model (1/10° X
1/30°), Hemer et al. [32] described the simulated tidal ampli-
tudes and phases of the main tidal constituents in detail, which
were consistent with the simulated results from the Circum-
Antarctic Tidal Simulation [34]. They proposed that the mixing
induced by the frictional drag of barotropic tides at the ice
shelf-ocean interface had little influence on AIS basal melting
due to the weak tidal currents. However, Galton-Fenzi et al.
[23] suggested that simulated tides could lead to large fluctua-
tions in the ocean heat content of the AIS cavity and may play
an important role in the AIS basal mass balance. The different
results from previous modeling studies were probably due to
the large uncertainties of the simulated tides in polar regions
[21,35]. Dominant sources of error include uncertainties in the
topography, model resolution, and open-boundary conditions.
For example, the tidal currents applied at the open-boundary
conditions in the study of Galton-Fenzi et al. [23] were pro-
vided by a simple analysis tidal signal dataset from Murray [36].
The uncertainties of the tidal boundary conditions were largely
dependent on the accuracy of the tidal currents prescribed at
the open boundaries [37]. Therefore, a quantitative analysis of
the tidal currents and corresponding changes and tidal heat
transport in Prydz Bay is critical for a better understanding of
the tidal influences on the AIS basal mass balance.

This study documents the direct tidal current observations in
Prydz Bay and the tidal contributions to the AIS basal melt-
ing. Based on long-term mooring arrays deployed in Prydz
Bay, we quantify the characteristics of the observed tidal cur-
rents on the continental shelf. Then, we examine whether tides
can modulate the ocean heat content of the AIS cavity by com-
puting tidal heat transport across the AIS front. Furthermore, we
examine whether tidal currents can evidently affect the AIS basal
melting rate by estimating the tidal contribution to the total basal
melting rate with a simple model.

This paper is organized as follows. Materials and Methods
provides descriptions of the hydrographic observations and the
methods used for analyzing the tidal currents. A detailed eval-
uation of the observed tidal currents and corresponding impacts
on the AIS basal melting is presented in Results. Conclusions
offers a summary and provides a discussion of the results.

Materials and Methods
Hydrographic data and model output

The observational data used in this study comes from 10 moor-
ings over the continental shelf and 6 borehole sites drilled on
the AIS (Fig. 1). The mooring array consists of 2 moorings in
the Prydz Channel (71°E to 73.5°E), 7 moorings along the AIS
front (70.4°E to 74.6°E), and 1 mooring in the Svenner Channel
(75.3°E) (Fig. 1). The latest topographic dataset, RTopo-2 (the
Refined Topography dataset), provides the reference seafloor
depth and ocean cavity geometry for our interpretation of the
spatial distribution of the observational sites [38], with a
spatial resolution of 500 m (https://doi.pangaea.de/10.1594/
PANGAEA.856844).
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The moorings near the AIS front were deployed as part
of the Amery Ice Shelf Ocean Research (AMISOR; https://
data.aad.gov.au/metadata/records/ AMISOR_ship) project in
February 2001 and recovered in February 2002 (Fig. 2A). In
this study, we name these moorings from the AMISOR PBM1
to PBMS, following previous studies [39,40]. Twenty-four rotor
current meters were equipped on the moorings, in addition to
1 acoustic current meter on PBM7 at a 1,120-m depth. Since
one of the current meters on PBM6 failed to collect data, only
24 current meter records were used in this study. The AMISOR
mooring array was deployed along the AIS front, except for
PBMS, which was in the Svenner Channel (Fig. 1). The sam-
pling interval of the current meters was 1 h, except for the
bottom current meter at PBM7, with a sampling interval of
30 min. The details of the AMISOR mooring array design were
documented in the study of Herraiz-Borreguero et al. [40],
and the data quality-control processes were described in
the study of Herraiz-Borreguero et al. [41]. Note the evident
discrepancy between the observed bathymetry and that in
RTopo-2 at the western AIS front (Fig. 2A).

Two moorings (hereafter called C1 and C2) equipped with
electromagnetic current meters were deployed in the Prydz
Channel by the 29th Chinese Antarctic Expedition (CHINARE)
(Fig. 2B). C1 (ftp://ftp-oceans.ncei.noaa.gov/nodc/archive/
arc0121/0173518/) was deployed in March 2013 and recovered
in February 2015, and C2 (http://www.chinare.org.cn/en/
difDetailPublicDataset/?id=6725) was deployed in February
2012 and recovered in February 2013 (Table S1). The velocity
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Fig. 2. Schematic diagrams of hydrographic observations. (A) Cross-section of the
AMISOR moorings along the AIS front (green squares shown in Fig. 1), with the
topography from RTopo-2. (B) The CHINARE moorings in the Prydz Channel (red
squares shown in Fig. 1). (C) The moorings deployed through the AMISOR boreholes
(white pluses shown in Fig. 1).
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data was averaged over 1-h time intervals. Local magnetic dec-
linations were used to calculate the real northward and east-
ward velocity directions. The accuracy of the electromagnetic
velocity sensor was + 1 cm s~ in magnitude and + 2° in direc-
tion. C1 and C2, deployed in the Prydz Channel at ~550-m
depths, were designed to capture the cross-shelf water mass
exchanges and associated tidal processes (Fig. 1).

Six borehole sites (https://data.aad.gov.au/metadata/records/
ASAC_1164), hereafter called AMO01 to AM06, were hot water-
drilled on the AIS as part of the AMISOR and operated from
January 2001 to January 2011 (Table S2). At each borehole
site, 3 conductivity-temperature-depth (CTD) sensors were
deployed adjacent to the ice shelf base, at the mid-depth of the
cavity, and over the seafloor (Fig. 2C). Based on the temperature
and salinity records, we could estimate the tidal influences on
the seawater characteristics in the sub-ice-shelf cavity. The sam-
pling rate of all the observational datasets was 1 h, except a
sampling rate of 30 min for the deepest current meter equipped
on mooring PBM7.

The simulated barotropic tidal currents from the Circum-
Antarctic Tidal Simulation version 2008 (CATS2008), an inverse
tide model [42], were compared with the observed tidal cur-
rents at each mooring station. CATS2008 is an update to the
regional model developed by Padman et al. [34], covering the
entire Southern Ocean south of 56°S. The CATS2008 model
assimilates a wide range of tidal height data from tide gauges,
gravimeter measurements, TOPEX/Poseidon altimetry data,
and crossover data from National Aeronautics and Space
Administration’s (NASAs) ICESat laser altimeter mission, with
open boundaries driven by the global tide model TPXO5.1.
Note that CATS2008 is a barotropic tidal model that is not
coupled with sea ice evolution. In addition, the simulated veloc-
ity in the AIS cavity from a coupled regional ocean-sea ice-ice
shelf model was used to calculate the AIS basal melting rate
induced by the residual currents [43,44]. The coupled regional
ocean-sea ice—ice shelf model was placed on a spherical orthog-
onal projection (60°E to 90°E, 65°S to 74°S) with a grid spacing
of ~1.5 km. The ice draft and bathymetry were obtained from
RTopo-2. The climatology of the Japanese Re-Analysis (JRA-25)
was used for the atmospheric-boundary conditions. The sim-
ulated residual circulation beneath the AIS was characterized
by an inflow in the eastern flank and an outflow in the western
flank, with 4 clockwise recirculation features. Since there are
no long-term velocity observations beneath the AIS, the sim-
ulated tidal currents from CATS2008 and residual currents
from the regional model can help us estimate the tidal contri-
bution to AIS basal melting.

Analysis methods
We carried out a harmonic analysis for the observed currents
by using T_TIDE software [45]. T_TIDE provides the tidal current
amplitudes, phases (relative to Greenwich), and tidal ellipse
inclinations of tidal constituents, including their uncertainties.
A signal-to-noise ratio (SNR) based on the amplitude of
the fitted semimajor axis and its uncertainty was used to
determine if the fitted tidal constituent was significant. In this
study, only tidal constituents with SNR > 2 were used for
the analysis.

With the harmonic analysis results, we further calculated
the heat transport induced by the tidal currents and residual
currents for each current meter as follows:
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U=U,y+ Uy, (1)
T = Tyige + Taetie )
Fiota = U<T - Tfr) (3)
Fopo= Ures<Tdetide - Tfr) (4)
Fiige = Frotal = Fres (5)

where U is the observed current, U, is the tidal current from
the harmonic analysis (the sum of tidal currents at all tide con-
stituent frequencies with significant SNRs), U, is the residual
current, and T'is the in situ temperature from the CTD deployed
near the current meter (Fig. 2A). We used a 48-h high-pass
Butterworth filter to derive the high-frequency component
T4 and we applied a 48-h low-pass Butterworth filter to the
observed temperature time series to derive the low-frequency
component Ty q.- The threshold value of 48 h is less than the
spring-neap time scale and larger than most tidal periods
(26 h), and such a threshold is consistent with that in the study
of Herraiz-Borreguero et al. [40]. T}, is the freezing point tem-
perature with a value of —2.8 °C (calculated on the basis of a
salinity of 34.5 and depth of 1,120 m where the deepest current
meter is deployed), F,., is the total heat transport, F,4, is the
heat transport induced by tidal currents, and F, is the heat
transport caused by residual currents. Note that the covariance
between U and T is also classified as the tidal contribution.

To quantify the tidal contribution to the total kinetic energy
in Prydz Bay, we calculated the tidal kinetic energy (TKE) and
the residual kinetic energy (RKE). The time-averaged kinetic
energy (KE) is decomposed as follows:

Ir 2 2 Ir 2 2
[KE] = 5 [utide + Vtide] + 5 [ures + Vygs] + [uresutide + Vresvtide]
(6)

where 14, and v, are the analyzed zonal and meridional com-
ponents of the tidal currents summed over all tidal constituents,
and the brackets indicate averaging over the entire observational
period (typically 1 y, from February 2001 to February 2002).
Term I on the right-hand side of Eq. 6 is the time-averaged tidal
kinetic energy [TKE], term II is the time-averaged residual
kinetic energy [RKE], and term III is the time-averaged cross
term of kinetic energy [CKE]. The ratios of [TKE] to the total
[KE] can provide a quantitative estimate of the relative impor-
tance of tidal currents in Prydz Bay.

A simplified equation [46] is used to estimate the heat flux
at the ice shelf-ocean boundary based on the observed
temperature from the uppermost sensor at the borehole
sites as follows:

Q=p,Cr(T-1y) 7)

where p,, is the seawater density, C,, = 3950 ] kg™' K" is the
seawater specific heat capacity, y is the coeflicient of turbulent
heat flux, and T is the local freezing point. This method has also

Liu et al. 2023 | https://doi.org/10.34133/0lar.0020

been employed in the Ice Shelf~-Ocean Model Intercomparison
Project [47]. Then, the melting rate m of the AIS basal surface
can be estimated as follows:

where p; = 918 kg m™ is the ice density, and L = 3.45 X 10° |
kg ™" is the latent heat of fusion. Following the definition in the
studies of Jenkins et al. [48] and Jourdain et al. [37], a velocity-
dependent y is introduced as follows:

y =k\/C4lU|? (9)

where k = 2.2 x 107" is the heat transfer coefficient, and C; =
1.0 X 10~ is the drag coefficient [37]. Considering the cooling
effect of the ice shelf basal surface on the adjacent seawater
layer, we assume that tides play a positive role in increasing the
temperature of the ice-ocean boundary layer by enhancing
vertical mixing. Therefore, all the amplitudes of the tidal oscil-
lations should be recognized as a warming process from a
relatively colder state. As such, we further assume that the
temperature of the ice—ocean boundary layer tends to stay at a
steady state Tj.,q, that can be recognized as a colder state with-
out tidal influences. In this study, we assume that T, is the
lower envelope line of the T}, time series (Fig. S1). Therefore,
the temperature can be decomposed as:

T= Ttm + Tsteady + Tdetide (10)

where T, is the tidal contribution to the increase in the temperature
calculated as follows:

Ttm = liide — Tsteudy (11)

In the absence of tides, the residual temperature T, is as
follows:

Tres = Lsteady + Tdetide (12)

By substituting Egs. 1 and 9 into Eq. 8, the total melting rate
Miyora 1S estimated as follows:

Cdl Utide+ UreSIZ(T - Tf)

piL

(13)

Myotal

The residual melting rate in the absence of tides 14,4, can
be calculated as follows:

pwcwk V Cdl Ures|2<Tsteady + Tdetide - Tf)

piL
and the tidal contribution to the ice shelf basal melting 1, is
estimated as:

(14)

M detide =

Myiide = Miotal — Mdetide (15)

Due to the paucity of velocity observations beneath the
AIS, we use the simulated currents from a realistic model [43],
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hereafter referred to as L2017, to represent U, and the simu-
lated tidal currents from CATS2008 [42] are used to represent
U, 4 Since these simulated currents are not temporally coupled
with the observed temperature at borehole sites, we follow
the method proposed by Jenkins et al. [48] to modify Eqs. 13
and 14 as follows:

pWCWk<\/Cd(| Upes|? + (|Utide|2>)><T - Tf)

Miotal =
piL

(16)

prwk< Cdl Ures|2> (Tsteudy + Tdetide - Tf) (17)
M etide = oL
i

where the angle brackets indicate the long-term average of the
modeling results. Note that this study only adopts a constant
frictional velocity for calculating AIS basal melting because of
the limited observations, and the cross terms have also been
attributed to the tidal contributions. Hereafter, Uy, , and
U, . denote the observed tidal velocity and the simulated
tidal velocity from CATS2008, respectively. U, , and U, ,
denote the observed residual velocity and the simulated resid-
ual velocity from L2017, respectively.

Results

Phases, amplitudes, and ellipses of tidal

constituents
We show the velocity of the zonal and meridional tidal currents
at C1 (outer continental shelf, in the Prydz Channel) as an
example (Fig. 3). The averaged magnitudes of zonal tidal cur-
rents at mooring C1 are typically less than 5 cm s™' (Fig. 3A
and B); however, the maximal magnitude of the tidal currents
reaches ~11 cm s, twice as large as the typical tidal velocity
observed on the continental slope off Cape Darnley [49]. Both
the zonal and meridional tidal currents show an evident oscillation
with a period of ~2 weeks, coinciding with the spring-neap
time scale presented in the KE power spectrum (the peak noted
by the green line in Fig. 3C). The velocity power spectrum also
shows significant peaks in a short period band of less than
30 h (the yellow box in Fig. 3C), indicating lunar and solar
tidal currents (Fig. 3D). The most energetic diurnal, semidi-
urnal, third-diurnal, and quarter-diurnal constituents peak
at the lunisolar diurnal period (K, 23.93 h), the principal lunar
semidiurnal period (M,, 12.42 h), the shallow-water tridi-
urnal period (MO, 8.37 h), and the shallow-water quarter-
diurnal period (MS,, 6.10 h), respectively. The inertial period
at the latitude of C1, ~12.98 h, is nearly equal to the M, period,
yet there is no significant spectral peak at that period (Fig. 3D).
In addition to the tidal currents, the T_TIDE analysis results
also provide the phases and amplitudes of the significant tidal
constituents. Although the observed tidal currents at C1 are
stronger than those on the continental slope [49], the amplitudes
of the residual zonal currents are still approximately twice as
large as the zonal tidal currents (Fig. 4A). The semidiurnal and
diurnal tidal constituents are the most evident (Fig. 4B). The
4 tidal constituents with the largest amplitudes are M, (the
principal lunar semidiurnal constituent; 12.4 h), O, K, and
S,. To diagnose whether the diurnal or semidiurnal tidal
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constituents are dominant, we compute the tidal current form
factor, F = (major(K,) + major(O,))/(major(M,) + major(S,)),
where major(e) is the maximal tidal velocity (the amplitudes
shown in Fig. 4B) of the corresponding tidal constituent. A
large (small) F value indicates that the local tidal currents are
diurnally (semidiurnally) dominated. F at C1 is ~0.96, and the
average F for all the current meter records is ~0.84, indicating
that the diurnal tidal currents are slightly weaker than the semi-
diurnal tidal currents in Prydz Bay.

The rotary spectrum is a useful method for identifying tidal
currents, inertial motions, and specific waves [50,51]. An
advantage of the rotary spectra on the power spectra is that it
can provide invariant spectra for a vector time series under
coordinate rotation, and we use this method to show the
characteristics of the rotating tidal currents. As expected,
the energetic peaks in the rotary spectrum are in the diurnal,
semidiurnal, and thrice daily frequencies (the red lines in Fig.
4C), and there is still little energy in the inertial frequency (the
green line in Fig. 4C) that is on the positive flank of the rotary
spectrum in the Southern Hemisphere [52].

To delineate the temporal evolution and horizontal distri-
bution of the tidal currents over the continental shelf, we
calculate the tidal ellipses for the primary tidal constituents
based on the records from the shallowest current meter on
each mooring (Fig. 5), with instrument depths ranging from
199 m (PBMS) to 470 m (PBM7). Since the tidal ellipses show
relatively strong barotropic characteristics, as shown below
(Fig. 6), we choose the shallowest current meters. For the
M, constituent (Fig. 5A), the semimajor axes of the tidal ellip-
ses derived from the shallowest current meters are all less
than 3 cm s~' over the continental shelf, with a maximum
of 3+ 0.1 cm s~ at C1 and a minimum of 0.1 + 0.1 cm s~
at C2in the Prydz Channel. The tidal ellipses are mostly cyclonic,
except at C1, C2, PBM4, and PBM5. For the 4 main tidal con-
stituents, the averaged semidiurnal semimajor axis along
the AIS front is ~1.5 cm s~ for the M, and S, constituents and
~1 cm s~ for the diurnal K, and O, constituents (Fig. 5). The
alignments of the principal axis of the semidiurnal and diurnal
tidal ellipses are generally north-south in the Prydz Channel
and perpendicular to the AIS front. At the AIS front, the max-
imal tidal currents for the semidiurnal constituents are iden-
tified at PBM4 and PBM5, yet the maximal tidal currents for
the diurnal constituents occur at PBM5 and PBM7. Note that
PBM1, PBM2, and PBM3 are located at the intrusion path
through which modified Circumpolar Deep Water (mCDW)
is transported into the AIS cavity [39], implying that the observed
tidal currents may have potential influences on the high-
frequency oscillations of the heat content in the AIS cavity.
Tidal currents are stronger in the western ISW outflow area than
in the eastern mCDW inflow area. The simulated barotropic
tidal ellipses from CATS2008 concur with the observed tidal
ellipses from the moorings (Fig. 5), implying that CATS2008
can provide useful insights for the tidal boundary forcing of
ocean models. Importantly, CATS2008 is a barotropic tide model
that predicts only barotropic tidal currents, and thus, the small
discrepancies between the observations and CATS2008 are
likely due to the baroclinic tidal currents in the observations
and the uncertainties in CATS2008.

The AMISOR moorings along the AIS front (from the west-
ernmost PBM7 to the easternmost PBM1) provide an oppor-
tunity to analyze the vertical structure of the tidal currents for
the main tidal constituents along the AIS front (Fig. 6). There
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Fig. 3. The observed currents at C1. (A) The original zonal velocity (the cyan line) and the harmonically analyzed tidal velocity (the red line) observed by the current meter
(at 340-m depth) at C1. The gray dashed line shows the zero velocity. (B) Same as (A), but for the meridional velocity. The black box in (A) denotes the enlargement shown
in Fig. 4A. (C) The power spectra (blue lines) of the velocity magnitude at C1. The red dashed line shows the 95% confidence level. The Hanning window smoothing method
is applied to the raw spectra with 7.5 degrees of freedom, and the error bar shows the 95% confidence intervals with Chi-squared test. The green line denotes the spring/
neap tide periods. The yellow box in (C) denotes the enlargement shown in (D). (D) Same as (C), but focused on the high-frequency band to show the most evident diurnal,
semidiurnal, third-diurnal, and quarter-diurnal tidal energy. The green line denotes the inertial period.

are no evident changes in the tidal ellipses for the 4 main tidal
constituents with depth, implying that the tidal currents along
the AIS front are primarily barotropic, except at PBM7. The
increasing inclinations of the ellipse principal axes with depth
at PBM7 appear to be induced by the baroclinic tidal compo-
nents, suggesting that the tidal currents at PBM7 are evidently
different from those at PBM1 to PBM6. In principle, the
cyclonic rotation of tidal ellipses with depth at PBM7 probably
indicates the dynamic response of the vertical tidal current
shear to the steeply deepening topography (Fig. 2A), i.e., due
to the generation of internal tides [53,54]. For the M, O,, K|,
and S, constituents, the maximal tidal currents are observed at
PBMS5 (current meter deployed at 457-m depth), decreasing
on both the east and west sides. The simulated tidal ellipses
from CATS2008 (black dashed lines in Fig. 6) are of similar
inclinations to the mooring observations at PBM3, PBM6, and
PBMS5, with the greatest discrepancies at PBM2 and PBM4. For
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the K, constituent, the tidal ellipse from CATS2008 is also not
quite similar to the observed pattern at PBM3. The eccentric-
ities (the ratio of the semiminor axis over the semimajor axis)
are similar, except at PBM1. Apart from the misfit at PBM?7,
where there are strong baroclinic tidal currents, as a barotropic
tide model, CATS2008 can still provide benchmark results for
the tidal forcing of ocean models. For PBM1 to PBM6, the
barotropic tidal ellipses from CATS2008 agree well with the
observed tidal ellipses of the barotropic currents calculated by
a simple depth average of the components. At the PBM7 sta-
tion, the barotropic tidal ellipses show some disagreements
with CATS2008 in the tidal orientations for the semidiurnal
tidal constituents (Fig. 6A and B) and evident disagreements
in the major axes for the diurnal tidal constituents (Fig. 6C and
D). We calculate power spectra for all the available temperature
and salinity records from the moorings. As expected, the tidal
peaks of the power spectra at the PBM7 station are more
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Fig. 4. The harmonic analysis at C1. (A) Enlargement of the original zonal velocity, residual velocity and tidal velocity over the first 100 d (the black box shown in Fig. 3A)
observed by the current meter at C1. The gray dashed line shows the zero velocity. (B) The amplitudes (the maximal tidal velocity; gray bars) and phases (blue circles) of the
harmonic analyzed tidal constituents. The blue error bars indicate the 95% confidence interval of tidal phases. (C) The rotary spectrum of the velocity at C1. The red lines
show the frequency of the main tidal constituents M,, O, K, and S,. The green line denotes the frequency of the inertial oscillation.

significant than those at the PBM1 to PBMG6 stations (Fig.
S2), implying that the TKE transferred from barotropic tides
to baroclinic tides may induce stronger mixing processes at
PBM?7.

Kinetic energy

To further illustrate the tidal contribution to the currents, we
quantitatively estimate the components of the time-averaged
[KE] based on Eq. 6: (a) the [TKE], (b) the [RKE], and (¢)
the [CKE]. The harmonic analysis results for the velocity
fields show the amount of [KE] accounted for by [TKE] (Fig.
7). The highest [TKE] proportion reaches ~31% at Cl in the
center of the Prydz Channel, and the lowest [TKE] propor-
tion only accounts for ~2% at PBM8 in the Svenner Channel.
Overall, the observed [TKE] accounts for ~11% of the total
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[KE] at the AIS front, with the maximum reaching ~20% at
PBM3 (Fig. 7). The averaged magnitudes of the tidal currents
over the continental shelf are very weak, with an averaged
magnitude of ~3 cm s~'. However, the averaged residual veloc-
ity at the AIS front from PBM1 to PBM7 is also not strong, with
an averaged magnitude of ~7 cm s~ In addltlon, the observed
maximal tidal currents reach ~11 cm s~ at mooring PBM7 at
a depth of 906 m. Considering the ratios of [TKE] to [KE], the
tides at the AIS front have [TKE] values that are small in abso-
lute value but with a sizable portion of the [KE]. Compared
to the observed [TKE] in the Prydz Channel and at the AIS
front, the simulated results in a high-resolution (~1 km) gen-
eral circulation model still show a stronger averaged [TKE]
bias [2], highlighting the uncertainty in the simulated tides in
Prydz Bay.
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Fig. 6. The tidal ellipses of the (A) My, (B) S,, (C) K;, and (D) O, constituents for the current meters equipped on the moorings along the AIS front. Each tidal ellipse is color-
coded according to the depth at which the measurements are sampled. The black dashed lines show the simulated barotropic tidal current ellipses from CATS2008. The gray

dashed lines show the tidal ellipses from the depth-averaged barotropic currents.

The seasonality of tidal currents

Driven by astronomical forcing, tidal currents vary on regular
time scales, yet changes in tidal currents can be induced by
nonastronomical factors. Haigh et al. [55] comprehensively
reviewed the changes in tidal properties over multiple time
scales and highlighted the responsible mechanisms such as water
depth, coastline position, sea ice coverage, sea bed roughness, and
ocean stratification. In the Antarctic marginal sea, the changes
in tidal currents can be primarily attributed to variations in the
extent of sea ice cover, the geometric configuration of the ice
shelf, and oceanic stratification [21,56].
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Since the observational records span approximately 1y, we
analyze the seasonality of the tidal currents rather than long-
term changes. Based on the sea ice evolution, this study defines
the summer period as December, January, and February;
autumn as March, April, and May; winter as June, July, and
August; and spring as September, October, and November. The
time series of the observational records have been truncated
into short seasonal segments, and then we perform a harmonic
analysis with T_TIDE on those segments. The changes in tidal
currents can be classified by the changes in the length of the
semimajor axes and the semiminor axes and the inclination of
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tidal ellipses. For the M, constituent, the most stable tidal cur-
rents are found at C1 (Fig. 8), with nearly no changes in any
factors of the tidal ellipses between different seasons. The most

evident changes are identified at PBM6, at a depth of 681 m,
with remarkable seasonal variability in the semimajor axes, the
semiminor axes, and the inclination of tidal ellipses. The sea-
sonality of the inclination at PBM3 and PBM4 is also remark-
able. Generally, the seasonality of the semiminor axes of the
tidal ellipses is more significant than the seasonality of the
semimajor axes or the inclination. Similar results can also be
found in the tidal ellipses of the S,, K}, and O, constituents (Fig.
S3), with relatively larger variability in the length of the semi-
major axes. Since the seasonality of the S, and K| constituents
can be contaminated with records less than 6 months long, the
inference of the K, and P, constituents is employed in the tidal
harmonic analysis of the S, and K, constituents. To diagnose if
the ellipse parameters are statistically different across the sea-
son, we compare the uncertainties of the ellipse parameters
from the full-time series T_TIDE output with the standard
deviation of the ellipse parameters from the seasonal seg-
ments T_TIDE output (Table S3). When the standard devi-
ations are larger than the uncertainties, we propose that the
seasonal variability of the tidal ellipse parameters is statistically
significant. Seasonality is significant in most of the mooring
locations.

The oscillations of the tidal heat transport at
the AIS front

Tidal mixing can change the water mass characteristics on the
continental shelf and affect ice shelf basal melting by changing
the temperature of the water inflowing to the ice shelf cavity.
There is evidence that tidal currents can modify the circulation
and the properties of water masses by tidal mixing [7,57] and
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Fig. 8. The tidal ellipses of the M, constituent for the current meters. Each tidal ellipse is color-coded according to the season when the measurements were sampled. The
dashed ellipses denote that the reported uncertainties of the minor axes are larger than the length of the minor axes.
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tidal rectification [22,57,58] in the Ross and Weddell seas. Due
to the very limited hydrographic data and the paucity of micro-
structure measurements, we cannot directly calculate the tidal
contribution to mixing on the continental shelf. However, con-
sidering the ratios of [TKE] to [KE] described in Kinetic energy,
the tidal currents at the AIS front may have the ability to influ-
ence the heat content in the AIS cavity.

Based on Egs. 3 to 5 and mooring observations, we calculate
the observed heat transport induced by tidal currents and resid-
ual currents at the AIS front, respectively. As expected, the
averaged tidal heat transport at the AIS front over the whole
observational period is almost zero, whereas the averaged zonal
and meridional residual heat flux can reach ~0.42 and ~0.82 °C
cm s~ respectively (Table S4). It is reasonable to expect that
the long-term average tidal heat flux is very small since the tidal
currents are typically periodic oscillations. However, we also
find that the ratio of the tidal heat flux standard deviation to
the residual heat flux standard deviation can reach ~41% (Table
S4), indicating that the heat transport can episodically be large.

Tidal contribution to AIS basal melting

In an ocean cavity, tides can modulate the ice shelf basal mass
balance by contributing to thermal forcing [12,13], which is
proportional to u.AT, where AT is the difference between the
temperature and in situ freezing point, and u.” = C,|UJ’ is the
friction velocity, which is related to the velocity at the ice-ocean
boundary layer and the drag coeflicient. First, the tidal velocity
can induce changes in the temperature of the ice—ocean bound-
ary layer by mixing with the water adjacent to the boundary
and thereby modify AT. Second, tidal currents can directly
contribute to increased frictional velocity in the ocean layer
beneath the ice shelf, especially in the cold cavity where the
residual currents are usually weak.

We analyze the observed high-frequency records of the
temperature and salinity from 18 CTD deployed in the borehole
sites (Figs. S4 to S10), and periodic oscillations of the water
mass characteristics in the AIS cavity can be identified. To
diagnose whether these periodic oscillations are correlated

A AMO2, temperature,337m C  AMO6, temperature, 625 m

with tides, we calculate the power spectra of the temperature
and salinity records from the 18 CTD deployed at the 6 bore-
hole sites. Fortunately, 4 of the 18 CTD records from 4 sites
exhibit remarkable power spectra energy within the diurnal
and semidiurnal tidal frequency bands (Fig. 9). In particular,
the dominant peaks in the spectra fall at the M,, §,, O,, and
K, constituents at AMO6 (Fig. 9C and D). Note that the shal-
lowest loggers of all 6 borehole moorings were deployed in
the ocean layer adjacent to the AIS basal surface (Fig. 2C)
within the turbulent ice-ocean boundary layer [48,59], and
the shallowest loggers of AM02, AM06, and AMO03 recorded
the most significant tidal power spectra. As such, the tide-
like pulsing of warm signals induced by the tidal currents in
the ice shelf-ocean boundary layer directly influences AIS
basal melting by modulating AT at the ice—ocean interface
[12,13]. The CTD deployed at a middle layer at AMO1 also
recorded the significant power spectra associated with the
S,, M, and O, tidal oscillations in the salinity, but the tem-
perature has a significant peak only at the S, frequency (Fig.
9G and H). Craven et al. [60] and Herraiz-Borreguero et al.
[41] found that the buoyant ISW can carry enriched frazil
ice and ascend along the western flank of the AIS cavity.
Galton-Fenzi et al. [23] suggested that simulated tidal cur-
rents could contribute to the transport and redistribution of
the frazil ice that promotes AIS basal freezing in the western
flank of the cavity. The observational evidence of power spec-
tra peaks identified at AMOL1 is consistent with previous mod-
eling results [23], with an evident tidal pulsing of ISW flowing
past the sensor. The discrepancy in the power spectra between
the temperature and salinity may be correlated with frazil dep-
osition from the ascending ISW (Fig. 9G and H). Furthermore,
the spectra also show harmonics that have the potential for
mixing by an energy cascade. We have not identified strong
oscillations in the remaining CTD records, probably because
their depths are not close to the vertical thermocline or halocline
between 2 water masses, which is necessary to accurately esti-
mate tidal influences in the temperature or salinity data. AM02,
AMO6, and AMO3 are in the eastern flank of the AIS where
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Fig.9.The power spectra (blue lines) of the temperature (A, C, E, and G) and salinity (B, D, F, and H) from the CTD equipped on the borehole sites for (A and B) AM02, (C and
D) AMO6, (E and F) AMO3 and (G and H) AMOL. The red dashed lines show the 95% confidence level. The Hanning window smoothing method is applied to the raw spectra
with 19.5 degrees of freedom. The error bar shows the 95% confidence intervals with Chi-squared test.
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warm inflow flows past these 3 borehole sites [39], indicating
that the AIS base can be directly exposed to these warm signals
(warmer than the local freezing point temperature) with tide-
like oscillations (Figs. S5, S6, and §9). AMOL1 is in the western
flank of the AIS (Fig. 1), and the cold outflow in the western
flank of the AIS cavity can rise buoyantly with frazil ice that
can accrete to the ice base [41].

Indeed, the tide-like pulsing of the temperature at the ice-
ocean boundary layer has already been described in previous
studies focused on the Ross and Weddell seas [16,22]. Therefore,
it is reasonable to propose that the tide-like pulsing found
beneath the AIS can also alter the heat flux between the ocean
and the AIS basal surface [17]. To date, there is still no long-
term observation of the current beneath the AIS, and thus, we
introduce the simulated residual current from L2017 and the
simulated tidal currents from CATS2008 into Egs. 16 and 17
(Table 1).

To validate the modeling results, comparisons of kinetic
energy, tidal velocity, and residual velocity are conducted. The
[TKE,,] in CATS2008 is lower than the observations at PBM1,
PBM2, PBM3, and PBM7. At PBM4, PBM5, and PBM6, the
simulated [TKE,,] in CATS2008 is lower than the observations
(Table 2). The largest bias is identified at PBM3, where the
depth-averaged [TKE;] in mooring observations is 3 times
the simulated [TKEy]. The depth-averaged [RKE,] in the
coupled regional ocean-sea ice-ice shelf model is generally
lower than the observations, except at PBM2. The largest bias
isidentified at PBM7, where ISW flows out from the sub-ice-shelf
cavity, with the observed [RKE] 3 times higher than in the
simulation. During the first 16 d in the observational period,

Tablel. The simulated velocity <|U, ,|> from L2017 and <|Uyy, >
from CATS2008. STD denotes the standard deviation.

Velocity

magnitude AMO2 AMO3 AM04 AMO5 AMO06

(cms™)
<|Upes ml> 2.2 16 30 26 2.9
STD(|Upes ml) 0.7 0.6 0.6 14 2.5
<|Uiige ml> 4.2 3 3 2.3 4.7

the simulated | Uy, | from CATS2008 is generally similar to
the observations (Fig. 10). Relatively large differences between
the modeling results and observations are identified at stations
C2, PBM3, and PBM7, with differences larger than 1 cm s~
The comparisons of the velocity magnitude between the mod-
eling results and observations are also quantitatively shown
in Table 3. Consistent with the comparison of kinetic energy,
the simulated <|U,, ,,|> from L2017 is generally smaller than
the observed [|U,,, ,|], except for station PBM2. The simulated
<|U,ge ml> from CATS2008 is relatively smaller than the observed
[|Uyde ml] at the PBM1, PBM2, PBM3, and PBM7 stations, and
<|Uyge ml|> islarger than <|Ugq, /> at the PBM4, PBM5, PBM6,
and PBMS8 stations.

Based on the observed temperature records in the ice-ocean
boundary layer from the borehole sites, along with the simu-
lated velocity fields, we estimate the tide-induced component
of the AIS basal melting for AM02 to AMO06 (Fig. 11). Note that
AMO1 is in the western flank of the AIS where the ascending
ISW can induce refreezing with frazil ice throughout the year
[41]. Frazil ice can directly accrete at the local basal surface or
be redistributed by the transport of tidal currents [23]. Since
we cannot estimate the complex tidal influences on the frazil
ice due to the limited observations, we only focus on the tidal
contribution over the melting region. Overall, the proportion
of tidal contribution in the total AIS basal melting has an evident
contribution, with a maximum of 69% at AMO02 and a mini-
mum of 49% at AMO5 (Fig. 11).

There remains some overestimation in our calculation of
the tidal contribution to AIS basal melting as to the exact mech-
anism of heat flux at the ice—ocean interface [48]. First, the
coefficient of turbulent heat flux should be closely correlated
with the velocity fields in the ice shelf-ocean boundary layer,
i.e., u. [12,13]. However, in the absence of long-term observa-
tions of the currents beneath the AIS, we have to introduce the
simulated currents from 2 numerical models. Therefore, the
uncertainties from the numerical models are also introduced
into our calculation. Second, the approximate definition of
T yeaay may also introduce some uncertainty. Since Ty.,q, is simply
assumed to be the lower envelope line of T, it is possible that
the exact T,., may be anywhere between T4 and (Tgerige +
T gaqy)> Tesulting in an overestimate of the tidal contribution.
Third, the tidal contribution to ice shelf melting may not be
linearly dependent on tidal currents and mixing. The freshwater
flux from tide-induced basal melting could influence the water
mass characteristics and oceanic circulations in the sub-ice-
shelf cavity, which in turn would result in changes in the tides

ide_m

Table 2. Comparison of kinetic energy between modeling results and mooring observations along the AIS front (unit is cm? s72). [TKE,]
denotes the simulated [TKE] from CATS2008, and [TKE,] denotes the depth-averaged [TKE] from mooring observations. [RKE,,] denotes
the depth-averaged [RKE] from the coupled regional ocean—sea ice—ice shelf model, and [RKE,] denotes the depth-averaged [RKE] from

mooring observations.

PBM1 PBM2 PBM3 PBM4 PBMS PBM6 PBM7
[TKEy] 132 2.29 241 4.09 413 4.67 314
[TKEo] 1.99 3.3 742 3.58 3.68 26 6.17
[RKEy] 8.26 22.78 10.54 22.84 19.85 18.47 18.66
[RKE,] 1711 20.62 B8IEY 2462 42.59 4724 76.89
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-1 (Bto J) Same as (A), but for the other mooring stations.
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Table 3. Same as Table 1, but for stations PBM1 to PBM8 (unit is cm 7).

PBM1 PBM2 PBM3 PBM4 PBM5 PBM6 PBM7 PBM8
<|Upgs ml> 4.06 6.75 4.59 6.76 6.3 6.08 6.11 4.95
STD(|Upes ml) 131 245 1.85 241 2.22 2.13 2.38 1.89
<y nl> 162 2.4 2.19 2.86 287 306 25 168
STD(|U4ige ml) 0.84 0.9 0.95 1.52 1.55 1.57 126 0.86
[1Upes |1 5.84 6.42 8.16 701 9.22 971 124 10.09
STD(|Ures o) 2.27 3.32 444 416 544 4.39 4.98 5.58
[1Use ol 199 2.56 385 267 271 2.28 351 141
STD(|Uje o) 0.99 0.99 167 137 166 116 1.88 073
120 the station-averaged observational velocity are used to show
W my, the uncertainties and qualitative overestimation (Fig. 11).
100 4 B My, 63%
~ (27%) Conclusion
>
£ Based on 10 long-term moorings deployed over the continental
% shelf in Prydz Bay, the characteristics of observed tidal currents
® are quantified. By analyzing the current meter records, in con-
o junction with the CTD records, we document the TKE and
£ tidal heat transport. Prydz Bay has mixed diurnal-semidiurnal
£ tides, and the observed tidal currents are much weaker than
= those in the Ross and Weddell seas. For tidal periods less than
3 48 h, the tidal energy is concentrated at semidiurnal and diur-
@ nal tidal frequencies within 4 main tidal constituents: M,, O,
K,, and S,. Based on harmonic analysis for the observed
currents, we find that the spatially and temporally averaged

AMO02

AMO3 AMO4 AMO5 AMO6

Fig. 11. The components of the AIS basal melting rate from the tidal contribution
(magenta shading) and the residual contribution (cyan shading) at borehole sites
AMO2 to AMO6. The proportions of averaged tidal contribution in the total AIS basal
melting rate are labeled at each bar, and the values in parentheses denote the tide-
induced proportions calculated based on the station-averaged observational velocity.

and ice shelf basal mass balance. Fourth, the thickness of the
ice shelf-ocean boundary beneath the AIS can have evident
seasonality due to seasonal changes in the inflow into the sub-
ice-shelf cavity [41], and thus, the shallowest CTD of borehole
sites may not always capture the changes in the ice shelf-ocean
boundary layer. Importantly, since the simulated currents and
the observed temperatures are not coincident in time, we can-
not directly compute the time-varying melt rates 1 at each site,
and thus, this simple model cannot quantify the influences of
covariance between u. and AT. Based on Table 3, U,,, ,, seems
to be underestimated, and U, ,, may be slightly overestimated.
This combination could also lead to some overestimation of
the tidal contribution. Based on Egs. 16 and 17, the ice shelf
basal melting rate is proportional to the magnitude of the veloc-
ity. The station-averaged observational velocity magnitude
([|Ups ol and [|Ugge o|1) from PBM1 to PBM7 is substituted
into Eqgs. 16 and 17 to calculate the tide-induced proportions
in the total AIS basal melting rate. Then, the differences in the
tide-induced proportions between the modeling velocity and
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magnitude of tidal currents is ~3 cm s~', with a maximum of
~11cms " at the AIS front and a minimum of ~1 cm s~ in the
Svenner Channel. The major axes of the tidal ellipses are
generally aligned south-north, steered by the topography,
and consistent with the results from previous observational
and modeling studies [32,34,61]. Although the residual com-
ponents of the current dominate the KE in Prydz Bay, the tidal
contribution cannot be neglected because of the relevant pro-
portion of TKE to KE, with a maximum of ~31% over the outer
continental shelf. By comparison with the observed tidal cur-
rents, we confirm that the simulated results of CATS2008 agree
reasonably with the observed tidal currents in Prydz Bay, except
at PBM7, due to the TKE transferred from barotropic tides to
baroclinic tides. Meanwhile, by analyzing the tidal ellipses, we
also find evident seasonality in the tidal currents, yet the cor-
responding mechanism needs to be clarified in future mod-
eling studies.

In previous barotropic modeling studies, the water column
in the AIS cavity was believed to have strong stratification
induced by the melting of the AIS basal surface [32,33]. These
modeling studies asserted that the simulated tidal mixing
beneath the AIS is too weak to overcome the stratification, and
thus, the AIS basal surface was inaccessible to the descending
dense SW. Recently, both observational and modeling studies
have revealed that warm mCDW could intrude onto the
continental shelf and approach the AIS front [39,40,44,62],
consistent with mode 2 of the ice shelf basal melting pattern
[39,63-65]. This mCDW intrusion into the AIS cavity was
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observed at the AMO2 borehole site (70.33°E, 70.56°S), indi-
cating that the AIS cavity can be regarded as a partially warm
cavity during autumn and winter. We find periodic oscillations
in the temperature and salinity at the diurnal and semidiurnal
tide frequencies from the borehole observations in the AIS, and
such tidal influences on warm mCDW beneath the AIS may
be similar to those in the Filchner-Ronne Ice Shelf and Ross
Ice Shelf cavities [15].

Based on a simple model, we quantify the tidal contribution
to the AIS basal melting based on the temperature records from
borehole sites, along with the simulated velocity fields from 2
modeling results. Tidal currents can impact AIS basal melting
by modifying u. and AT at the ice shelf-ocean interface. Due
to the paucity of long-term velocity observations beneath the
AIS, u.., induced by residual currents is estimated by the sim-
ulated velocity from a coupled regional ocean-sea ice—ice shelf
model, and u.,4. induced by tidal currents is estimated from
CATS2008. In addition, the tidal influences on AT are also
considered in our simple model to calculate the tidal contribu-
tion to AIS basal melting. Our results show that there is a sizable
tidal proportion in the total melting rate, with a maximum of
69% at borehole site AM02. Notably, our analysis may still
contain larger uncertainties since there are still no long-term
velocity observations to directly evaluate the simulated velocity
fields beneath the AIS. According to the modeling bias of
kinetic energy along the AIS front, we may overestimate the
tidal contributions. The shortcoming of this simple model is
that the contribution of the covariance between the time-
varying velocity and temperature cannot be quantified. We also
note that the estimated basal melting contribution depends
almost entirely on the simulated velocity, whereas the depend-
ence on the observed temperature in the cavity is negligible.

Moreover, this study provides benchmark validation for
sensitivity experiments and open-boundary constraints in
future modeling studies. Our quantitative analysis of the tidal
currents in Prydz Bay is useful for further AIS cavity modeling
studies, e.g., by providing constraints for the open-boundary
conditions of the AIS cavity model and validating the model
results. Wahlin et al. [66] suggested that the ice shelf front
could drastically block the barotropic currents flowing toward
the sub-ice-shelf cavity, yet the baroclinic currents could flow
across the ice shelf front and deliver heat into the sub-ice-shelf
cavity. Considering that barotropic tides dominate the observed
tidal currents at the inflow path of the eastern AIS front, a
decrease in the strength of the tidal currents is expected after
they flow into the sub-ice-shelf cavity. Thus, it will be interest-
ing to revisit the interactions between the AIS and the ocean
in Prydz Bay by employing a coupled regional ocean-sea ice—ice
shelf model that properly includes tidal processes.
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