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Abstract

A three-dimensional coupled sea ice-ice shelf-ocean numerical model is developed for the Prydz Bay, Antarctica, using
the Regional Ocean Modeling System with a grid resolution of approximately 2 km. The influence of the grounding
giant iceberg D15 on the distribution of sea ice and polynyas in the Prydz Bay is analyzed through two numerical
experiments. Iceberg D15, grounded off the western edge of the West Ice Shelf (WIS), obstructs the southwestward
transport of sea ice along the east coast of Prydz Bay, causing sea ice to accumulate to the east of the iceberg and form
multi-year fast ice. Grounding of Iceberg D15 also decreases sea ice coverage off its south edge and creates ice-free
openings in spring near Davis Station and Zhongshan Station, facilitating the accessibility of vessels to the research
stations. These simulated sea ice patterns closely match current satellite observations. When Iceberg D15 is removed,
the previously blocked sea ice north of the iceberg, which moved westward, shifts southwesterly along the coastline,
leading to a reduction in sea ice thickness during winter and spring, as well as lower sea ice concentrations in spring
across large areas north and west of the iceberg. In contrast, the sea ice thickness increases considerably southwest of
the WIS, extending to the front of the Amery Ice Shelf during seasons covered by sea ice. The increase in sea ice
concentration can also extend to as far as 75°E in spring. Without Iceberg D15, which previously contributed to the ice
barrier of Barrier Polynya (BP), the shape of BP changes, the area of BP and Davis Polynya (DP) decreases, and the
polynya off the northwest edge of the WIS near 83°E expands. These polynya patterns are much similar to the satellite
remote sensing observations before Iceberg D15 was grounded. From April to October, the total area of BP and DP
decreases by 2.83 x 10* km? (60%) and 2.20 x 103 km? (20%), respectively, while the total sea ice production decreases
by 4.11 x 1019 m3 (66%) and 1.52 x 10'% m? (52%) compared to the experiment with iceberg. These results indicate the
substantial effects of grounding giant icebergs on the spatio-temporal distribution of sea ice, the area of polynyas, and
sea ice production. High-resolution Antarctic coastal numerical models, typically with grid scales of kilometers, are
sufficient to represent large icebergs, and adding the grounding giant icebergs is crucial for producing realistic
simulations of sea ice and polynyas.
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1 Introduction

The Prydz Bay, the third largest bay in Antarctica, has
been a central region for Chinese polar marine scientific
research (Shi et al., 2013; Gao et al., 2016). The coastline
of the bay is shaped by the two ice shelves along its
shores: the Amery Ice Shelf (AIS), the largest ice shelf in
East Antarctica, situated in the southwest corner of the
bay, and the West Ice Shelf (WIS), located to the north-
east, outside the bay (Fig. 1). The bay exhibits varied to-
pography, with the Four Ladies Bank (FLB) on the east
side of the entrance of the bay, and the Fram Bank to the
west, where the depth is less than 200 m at its shallowest.
Between these two banks lies the Prydz Channel, which is
the main channel for water exchange between the bay and
the open ocean.

The circulation system in the Prydz Bay consists of
the east-to-west Antarctic Slope Current (ASC) along
the continental slope and the cyclonic Prydz Bay Gyre
(PBG) within the bay (Fig. 1). These patterns have been
observed through summer dynamical height analyses
(Smith et al., 1984; Nunes Vaz and Lennon, 1996) and
validated through numerical models (Shi et al., 2000,
2002; Aoki et al., 2010; Galton-Fenzi et al., 2012). Liu et
al. (2017) identified a strong southwesterly coastal cur-
rent, the Prydz Bay Eastern Coastal Current (PBECC),
flowing along the coast between 75°E and 82°E, further
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confirmed by recent numerical simulations for summer
(Han et al., 2022).

The seasonal cycle of sea ice in the Prydz Bay is dis-
tinct, with the minimum extent occurring in late February
when ice is mainly concentrated near the east and west
coasts and the shallows at the entrance of the bay. In
September, the sea ice reaches its peak coverage, extend-
ing northward beyond 60°S (Zheng and Shi, 2011). Anal-
ysis of satellite-derived sea ice concentration data from
1987 to 1994 identified several winter polynyas across the
Prydz Bay from west to east, including the Mackenzie
Polynya (MP), the AIS Polynya (AISP), the Prydz
Polynya [later referred to as the Davis Polynya (DP) by
Williams et al. (2016)], the Barrier Polynya (BP), and the
West Ice Shelf Polynya (WISP) (Massom et al., 1998).
However, subsequent studies revealed that AISP had van-
ished, while new offshore polynyas formed near the FLB
(Tamura et al., 2008, 2016; Nihashi and Ohshima, 2015;
Lin et al., 2024). Recent research has further classified
these polynyas, including the Iceberg D15 Polynya
(ID15P) and FLB Polynya (FLBP). The DP located be-
yond the extent of landfast ice, is similarly categorized as
an offshore polynya (Hou and Shi, 2021).

Drifting icebergs, often driven by ocean currents into
the interior of the Prydz Bay, frequently ground in the
shallow areas of the FLB (water depths below 200 m) (Li
et al., 2017). Grounding giant icebergs can profoundly im-

WI180°E

Fig. 1. Water column thickness of the Prydz Bay and surrounding areas in the model. Red lines represent the outline of
Icebergs D15 and B15. Colored dots represent the mask of the Barrier Polynya (BP), Davis Polynya (DP), and Macken-
zie Polynya (MP) in Prydz Bay from April to October from 2003 to 2020 (Hou, 2022), derived from remote sensing
thin ice thickness data retrieved from satellite remote sensing. Black arrows represent major circulation in the bay. Blue
squares indicate the research stations. Gray grid represents the model grid at Iceberg D15, shown in the inset on the
right. The lower inset shows Antarctica and the surrounding Southern Ocean, with the red box indicating the Prydz Bay.
ASC: Antarctic Slope Current; PBG: Prydz Bay Gyre; PBECC: Prydz Bay Eastern Coastal Current.
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pact the sea ice distribution by obstructing its movement
(Dinniman et al., 2007). Hou and Shi (2021) reported that
a group of grounding giant icebergs, B15 (consisting of
Icebergs B15t, B15b, and B15r), substantially increased
the size of the ice barrier on the eastern side of the FLBP,
which effectively blocked sea ice transport from the BP to
the open ocean. This obstruction led to the closure of the
BP in mid-September of 2008. The lack of sea ice out-
flow from the BP resulted in the merging of the FLBP and
DP, creating a much larger polynya and increasing the ar-
eas of the original polynyas. Additionally, Iceberg D15,
grounded between the southeast side of the FLB and the
northwest side of the WIS since 1991 (Wesche and Dierk-
ing, 2015; Hou and Shi, 2021), has a remarkable influ-
ence on the summer circulation in the Prydz Bay. A nu-
merical model showed that its presence obstructs the cur-
rent off the northern edge of the WIS and enhances the
ASC branch entering the bay along the western edge of
the WIS (Han et al., 2022).

Previous sea ice numerical simulations (Li et al.,
2011; Liu et al., 2017) typically indicated minimal to no
sea ice presence in the Prydz Bay during summer. While
the MP is accurately simulated in winter, the DP and BP
are often simulated as a single polynya, likely due to the
absence of Iceberg D15 in these model configurations.
Therefore, this study aims to address this problem by in-
vestigating the impact of Iceberg D15 on sea ice and
polynyas simulations through conducting numerical ex-
periments that include and exclude this iceberg from the
model topography.

2 Model description and validation

2.1 Model description

Regional Ocean Modeling System (ROMS) is a
widely employed three-dimensional, terrain-following
primitive equation ocean model with a free surface
(Shchepetkin and McWilliams, 2005). In this study, we
adopt a modified version of ROMS including sea-ice
and ice-shelf models developed by Wang et al. (2024).
The sea ice model is mainly based on Budgell (2005),
which combines the elastic-viscous-plastic (EVP) rheolo-
gy (Hunke and Dukowicz, 1997; Hunke, 2001) with a
simple one-layer ice and snow thermodynamic model, in-
cluding a molecular sublayer under the ice (Mellor and
Kantha, 1989). The ice shelf model follows Galton-Fenzi
et al. (2012) and employs a three-equation thermodynam-
ic scheme.

The model domain covers the entire Prydz Bay, in-
cluding the AIS and WIS (65°-73.5°S, 60°-90°E), with a
zonal resolution of 1/18°. The grid spacing varies from
1.75 km (southern boundary) to 2.6 km (northern bound-
ary), with an average of 2.16 km. A 32-layer terrain-fol-
lowing o-coordinate system is adopted in the vertical di-
rection, with higher vertical resolution near the surface
(4.9 m to 10.5 m). Bathymetry and ice-shelf draft data are
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derived from the global 30" high-resolution RTopo-2
dataset, as used by Han et al. (2022), and are smoothed
using a Shapiro filter.

The eastern, western, and northern boundaries are
open and positioned far from the Prydz Bay to diminish
boundary effects. Boundary conditions for salinity, poten-
tial temperature, ocean velocities, sea surface height,
sea ice concentration, sea ice thickness, snow thickness,
and sea ice velocities are from monthly averaged data
(2013-2018) from Oceanic General Circulation Model
(OGCM) for the Earth Simulator (OFES) version 2. These
datasets are averaged over six years to obtain monthly val-
ues. A sponge layer is applied at the western and northern
open boundaries to maintain model stability.

Atmospheric forcing, including 10-m wind speed, 2-m
surface air pressure, 2-m relative humidity, downward
shortwave radiation, longwave radiation, and total precipi-
tation rates derived from the fifth generation European
Centre for Medium-Range Weather Forecast (ECMWF)
(ERA-5) reanalysis product from 2013 to 2018, processed
into daily averages over six years. The bulk flux parame-
terization scheme of Large and Yeager (2009) calculates
wind stress, heat fluxes, and freshwater fluxes. The down-
ward shortwave radiation is adjusted for albedo correc-
tion, and sea ice albedo is calculated using the communi-
ty sea ice model (CSIM) algorithm. The initial conditions
are set using the January average potential temperature
and salinity for 2013-2018 from OFES version 2, while
ocean velocities, sea ice concentration, and sea ice veloci-
ties are set to zero. The model time step is 120 s, reaching
a steady state after three years of integration. Our analysis
is based on monthly means from the eighth year of the
simulation.

Two experiments are designed for comparison
(Table 1). Experiment 1 (Exp. 1) represents present-day
conditions including Iceberg D15, while Experiment 2
(Exp. 2) excludes it. Iceberg D15 has been grounded on
the western side of the WIS since 1991, exhibiting no de-
tectable changes in shape or position, indicating negligi-
ble melting (Hou and Shi, 2021). Given its minimal ther-
modynamic impact on circulation and sea ice, the iceberg
is treated as land in the model, with a constant outline ex-
tracted from a visible image captured by the Moderate
Resolution Imaging Spectroradiometer (MODIS) onboard
the Terra satellite (Han et al., 2022).

2.2 Model validation

The reliability of the model is validated using results
from Exp. 1. The simulated circulation for February is
compared with the Acoustic Doppler Current Profiler
(ADCP) observations from the 31st Chinese Antarctic

Table 1. Configuration of the numerical experiments

Experiment Configuration
Exp. 1 with Iceberg D15
Exp. 2 without Iceberg D15
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Expedition (12 February to 3 March 2015). The 38 kHz
ADCP used during the expedition can provide data for
depths shallower than 800 m, although the comparisons
are restricted to depths above 420 m due to the declining
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reliability with depth. Simulated summer circulation pat-
terns are generally consistent with the ADCP observa-
tions (Fig. 2), reproducing the presence of cyclonic gyres
PBG, and align well with the simulations of Han et al.
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Fig. 2. Comparison of circulation in Exp. 1 with ADCP observations at depths of 50 m (a), 210 m (b), and 420 m (c) in
February. Red arrows represent ADCP observations, while black arrows represent Exp. 1 results. ADCP: Acoustic

Doppler Current Profiler.
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(2022). Additionally, a smaller cyclonic gyre is identified
east of the ice shelf front near 69°S in southeastern
Prydz Bay, flowing northeastward and merging into the
PBECC. This feature appears throughout the water col-
umn, with ADCP measurements at 210 m and 420 m sup-
porting its presence.

Sea ice model validation is conducted using multi-year
average sea ice concentration data from the Advanced Mi-
crowave Scanning Radiometer 2 (AMSR-2) for the
2013-2018 period. Comparisons of the monthly average
sea ice area show consistency with AMSR-2 data (Fig. 3),
capturing seasonal cycles marked by a February mini-
mum, a subsequent increase in March, and complete ice
cover from April through September. This variation is al-
so consistent with remote sensing observations (Zheng
and Shi, 2011). The spatial distribution of sea ice concen-
tration (Fig. 4) in the representative months of the four
seasons (February, May, August, and November) is also
generally consistent with the AMSR-2 pattern (Fig. 5). In
February, the Prydz Bay exhibits minimal sea ice, limited
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Fig. 3. Comparison of sea ice areas in Exp. 1 and AM-
SR-2. AMSR-2: Advanced Microwave Scanning Ra-
diometer 2.
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to the southeastern region near Iceberg D15 and the WIS
junction (Fig. 4a). As temperatures drop in autumn, ice
formation begins in March, resulting in widespread cover-
age by May (Fig. 4b). By August, nearly the entire bay is
ice-covered, with a few coastal polynyas remaining
(Fig. 4c). Melting starts in November, leading to signifi-
cantly reduced concentrations in the coastal areas while
the rest of the bay remains ice-covered (Fig. 4d).

In summer, the simulated sea ice area is lower than
the AMSR-2 data (Fig. 5a), with lower concentrations to
the east and north of Iceberg D15, in northern FLB, east
of the AIS, and east of Cape Darnley. These regions typi-
cally have fast ice formed by small grounding icebergs
acting as anchors (Hou and Shi, 2021). The discrepancy
between Exp. 1 and the remote sensing data is primarily
due to the absence of fast ice formation algorithms, partic-
ularly those involving small grounding icebergs critical
to fast ice formation offshore, which is a common limita-
tion in current Antarctic sea ice models (Van Achter et
al., 2022).

Four coastal polynyas are identified in Exp. 1 which
are BP, MP, DP, and Cape Darnley Polynya (CDP)
(Fig. 4c). These simulated polynyas are generally in good
agreement with the locations and sizes observed in re-
mote sensing data (Hou and Shi, 2021). The current mod-
el has a significant improvement over previous efforts (Li
et al., 2011; Liu et al., 2017) by clearly distinguishing BP
from DP, which are collectively referred to as the Prydz
Polynya in earlier models. Despite this advancement,
some discrepancies remain. While remote sensing data
show DP is situated offshore (north of the fast ice near
the Davis Station), Exp. 1 depicts DP tightly bound to the
coast. Additionally, Exp. 1 fails to reproduce the offshore
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Fig. 4. Sea ice concentration during typical months of the four seasons in Exp. 1. a. February, b. May, c. August, and

d. November. The closed red curve represents Iceberg D1

5, and polynyas that emerge in winter in the model are la-

beled in red font. CDP: Cape Darnley Polynya; MP: Mackenzie Polynya; DP: Davis Polynya; BP: Barrier Polynya.
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Sea ice concentration during representative months of the four seasons in AMSR-2. a. February, b. May,

c. August, d. November. The closed red curve represents Iceberg D15, and polynyas that emerge in winter in the model
are labeled in red font. CDP: Cape Darnley Polynya; MP: Mackenzie Polynya; DP: Davis Polynya; BP: Barrier

Polynya.

ID15P and the FLBP (Fig. 5c), which are both formed by
the breaking of fast ice anchored to small grounding ice-
bergs (Hou and Shi, 2021). These differences are likely
due to the limitation of the current model in simulating
fast ice. Furthermore, remote sensing reveals detailed spa-
tial variability in polynya structure compared to smoother
patterns in the model outputs, which may also account for
these differences.

Direct comparisons of sea ice thickness and velocities
are not feasible due to the lack of comprehensive data.
However, the simulated sea ice thickness (Fig. 6) cap-
tures seasonal variations in the Prydz Bay, with lower ice
thickness areas co-located at the identified coastal
polynyas, particularly during winter. Thick multi-year ice
(exceeding 2 m) persists year-round off the eastern edge
of Iceberg D15, remaining present even during summer.
Sea ice velocity patterns (Fig. 7) indicate enhanced move-
ments along the ASC, the PBECC, and the coastal areas
associated with the PBG, consistent with observed circu-
lation features.

To validate the model performance in polynya areas,
simulated monthly mean polynya areas from April to Oc-
tober are compared with those derived from remote sens-
ing thin ice thickness (TIT) data (Hou, 2022), based on
the methods described by Nihashi and Ohshima (2015)
and Nihashi et al. (2017). Polynya areas are determined
using daily mean ice thickness data, with regions where
ice is thinner than 0.2 m classified as polynyas within the
defined polynya mask (Fig. 1). Due to the absence of fast
ice representation in the model, the simulated sea ice con-
centrations during autumn are lower than those observed
in remote sensing data, leading to larger areas of thin ice

in April and, consequently, larger areas for polynyas.
While the simulated areas of BP and their monthly trend
generally agree with the observations, DP areas are under-
estimated due to the missing ice barrier formed by fast ice.
In contrast, MP appears larger than observed, likely be-
cause the model does not account for fast ice near Cape
Darnley (Table 2, Fig. 8a).

Sea ice production (SIP) estimates from the model are
compared with remote sensing estimates for BP, DP, and
MP within the defined polynya mask (Fig. 1) (Hou, 2022).
It is important to note the methodological differences be-
tween the calculation of SIP: the model accounts for po-
tential melting driven by ocean thermodynamics (Mellor
and Kantha, 1989), whereas the satellite-derived algo-
rithm, based on TIT data, employs a heat budget ap-
proach which assumes no oceanic heat flux and all heat
loss in the polynya is caused by ice formation. It further
balances radiative and turbulent fluxes at the ice surface
with conductive heat flux in the ice. The ice surface tem-
perature is determined using empirical formulas for radia-
tive and turbulent fluxes, which then allows the heat loss
to be calculated as the conductive heat flux (Ohshima et
al., 2016; Lin et al., 2023). For consistency, SIP compar-
isons are restricted to April through October, when sea ice
melt is minimal. Overall, the total SIP (Table 2) and its
temporal trend (Fig. 8b) for BP and DP are in good agree-
ment with remote sensing estimates, except for MP, where
the absence of fast ice introduces bias. Notably, the mod-
el accurately captures decreasing SIP of BP from June to
July while depicting the stable SIP conditions for DP from
June to August.

In conclusion, the Exp. 1 simulation effectively repro-
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Fig. 6. Sea ice thickness for representative months of the four seasons in Exp. 1. a. February, b. May, c. August, and d.
November. The closed red curve represents Iceberg D15, and polynyas that emerge in winter in the model are labeled in
red font. CDP: Cape Darnley Polynya; MP: Mackenzie Polynya; DP: Davis Polynya; BP: Barrier Polynya.
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November. The closed red curve represents Iceberg D15.

Table 2. Total area and sea ice production (SIP) of the Barrier Polynya (BP), Davis Polynya (DP), and Mackenzie
Polynya (MP) in Prydz Bay in April-October, in remote sensing (RS), Exp. 1, and Exp. 2 results

Total area/(10* km?) Total SIP/(1010m3)
Method
BP DP MP BP DP MP
RS 4.80 2.64 3.20 6.32 2.92 6.59
Exp. 1 4.70 1.09 4.62 6.28 291 10.98
Exp.2 1.87 0.87 4.49 2.17 1.39 10.61

duces the realistic circulation patterns, annual sea ice area  The sea ice-ice shelf-ocean model developed in this study
variability, sea ice concentration distributions, major thus demonstrates robust performance in simulating circu-
polynya locations, and SIP variability in the Prydz Bay. lation, sea ice dynamics, and polynyas in the region.
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3 Results and discussion

In the Exp. 2 simulation, removing Iceberg D15 leads
to near-complete absence of sea ice in the Prydz Bay re-
gion during summer (Fig. 9a and 10a), consistent with
previous numerical modeling studies (Li et al., 2017).
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During the other three seasons, sea ice covers the region
formerly occupied by Iceberg D15. A larger region of low
sea ice thickness and concentration emerges between the
northwestern edge of the WIS and the grounding position
of D15, approximately at 83°E. This indicates an expan-
sion of the polynya in this area, with its extent persisting
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Fig. 9. Sea ice concentration in representative months of the four seasons in Exp. 2. a. February, b. May, c. August,
and d. November. The closed red curve represents Iceberg D15, and polynyas that emerge in winter in the model are la-
beled in red font. CDP: Cape Darnley Polynya; MP: Mackenzie Polynya; DP: Davis Polynya; BP: Barrier Polynya.
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through both autumn and winter, as the WIS serves as an
ice barrier (Figs 9c and 10c). Another area of low sea ice
concentration and thickness forms around 80°E, coincid-
ing with deformed BP, whose barrier shifts to the western
WIS following the loss of its former barrier provided by
Iceberg D15 (Figs 9c and 10c). This pattern of polynya
distribution closely matches previous numerical modeling
results and is close to pre-1990 remote sensing observa-
tions (Massom et al., 1998).

During winter and spring, sea ice with thickness ex-
ceeding 1 m emerges in the polynya areas southwest of
the previous D15, extending to the eastern edge of AIS,
while sea ice over 2 m thick is found near 75°E off the
east edge of AIS. However, areas of low sea ice thickness
appear in the north part of the bay, i.e., at FLB and the
Prydz Channel (Figs 10c and d). In spring, extensive ar-
eas of low sea ice concentration span across 70°-85°E in
the northern part of the Prydz Bay (Fig. 9d).

Removing Iceberg D15 eliminates the multi-year fast
ice that previously accumulated to its east during summer
(Fig. 11a). In autumn, sea ice concentration changes are
limited, with a slight decrease off the eastern edge of D15
where it meets the WIS, and a small increase to the west
(Fig. 11b). Without D15, ice thickness slightly reduces to
the east, spreading north and west of the iceberg (Fig. 12b),
while slight increase is noted to the southwest.

In winter, the sea ice concentration falls slightly to the
east of Iceberg D15 at the front of the WIS, while increas-
ing to the west, where the iceberg no longer obstructs sea
ice movement (Fig. 11c). More remarkable changes in
thickness emerge, with substantial increases extending
southwest along the Prydz Bay coastline, reaching the
northern front of the AIS (72°E) and further northwest
to approximately 70°E. In contrast, a decrease in ice thick-
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ness is observed east and north of the iceberg, spreading
westward to the FLB and the Prydz Channel, reaching
around 70°E (Fig. 12c). Overall, the removal of Iceberg
D15 eliminates its role as an ice barrier, leading to the
loss of the sea ice accumulation zone to the east and
widespread reduction in thickness in the FLB and the
northern part of the bay. Open water areas decrease south-
west of the iceberg and the WIS, while the ice barrier of
the BP shifts to the western WIS, changing the shape of
the BP and reducing the area of the BP and DP.

In spring, increased sea ice concentration extends
southwest from the former iceberg position along the
coastline to around 75°E (Fig. 11d), whereas declines oc-
cur east of the iceberg. A substantial reduction is also evi-
dent to the north, extending from 85°E to 70°E (Fig. 11d).
The spring decrease in sea ice thickness along the conti-
nental slope west of the iceberg is more substantial com-
pared to winter (Fig. 12d). Simulated ice velocities sug-
gest that the reduction in sea ice concentration to the north
of Iceberg D15 in spring, as well as the large-scale in-
creases in sea ice thickness to the north and west in win-
ter and spring, results from changed transport pathways
following the removal of the iceberg. Sea ice that once
moved along the north edge of the iceberg now moves
southwestward along the WIS front (Fig. 13).

The polynya distributions in Exp. 1 and Exp. 2 differ
primarily around the WIS. In Exp. 2 (Fig. 10), the north-
ern boundary of the BP retreats remarkably, shifting into
the southeast corner where the WIS meets the coastline.
Another polynya, situated along the northwest edge of the
WIS near 83°E, has expanded in this region. This pattern
is consistent with the observations by Massom et al.
(1998) based on satellite remote sensing sea ice concen-
tration data from 1987 to 1994, suggesting these observa-

o 750 o
65° 70 80 85°E

Sea ice thickness/m

Fig. 10. Sea ice thickness in representative months of the four seasons in Exp. 2. a. February, b. May, ¢. August, and d.
November. The closed red curve represents Iceberg D15, and polynyas that emerge in winter in the model are labeled in
red font. CDP: Cape Darnley Polynya; MP: Mackenzie Polynya; DP: Davis Polynya; BP: Barrier Polynya.
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curve) from the model.
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Fig. 12. Difference of sea ice thickness between Exp. 2 and Exp. 1. a. February, b. May, c. August, and d. November.
Positive (negative) values represent an increase (decrease) in sea ice after removing Iceberg D15 (closed black curve)
from the model. Only areas that passed the significance test at the p < 0.05 level are shown.

tions mainly represent pre-1991 conditions before the
grounding of Iceberg D15. The Exp. 2 polynya distribu-
tion also aligns with earlier numerical modeling results
which did not account for Iceberg D15.

The removal of the iceberg considerably changes
the areas (Fig. 14a, Table 2) and SIP of the polynyas
(Fig. 14b, Table 2). While the MP in the western part of
the Prydz Bay experiences only trivial changes (Table 2),
the areas and SIP of both BP and DP undergo substantial
reductions. In Exp. 2, the total area of BP decreases by ap-

proximately 2.83 x 10* km, a 60% reduction compared to
Exp. 1, while the area of DP decreases by 2.20 x 10* km?
(20%). Correspondingly, the total SIP declines by about
4.11 x 1019 m3 (66%) for BP and 1.52 x 101° m3 (52%)
for DP. These results emphasize the critical role of Ice-
berg D15 in polynya and SIP in the region.

4 Conclusions

In this study, we develop a three-dimensional ocean-
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ice shelf-sea ice numerical model in the Prydz Bay and its
surrounding seas using ROMS, driven by the climatologi-
cal forcing from 2013 to 2018. Two numerical experi-
ments are conducted to study the impact of Iceberg D15
on sea ice and polynyas in the model. In Exp. 1, Iceberg
D15, grounded on the FLB, is included to demonstrate the
performance of the model by comparisons to ADCP ve-
locity data from the 31st Chinese Antarctic Expedition,
AMSR-2 remote sensing sea ice concentration and area
data averaged over 2013-2018, and evaluations of
polynya areas and SIP. Experiment 2, which excludes Ice-
berg D15, is conducted to assess the impact of the iceberg.
By comparing results from the two experiments, the im-
pact of the large grounding Iceberg D15 on sea ice distri-
bution, polynya distributions, and SIP of polynyas in the
Prydz Bay is quantitatively examined.

Firstly, Iceberg D15 acts as a critical barrier to sea ice
transport, obstructing the sea ice movement outside the
WIS into the Prydz Bay. During spring, autumn, and win-
ter, this obstruction leads to sea ice accumulation east of
Iceberg D15 and north of the WIS, forming fast ice over

2 m thick. In summer, multi-year sea ice remains at the
junction between the southeast of the iceberg and the
northwest of the WIS, which disappears when the iceberg
is removed.

Secondly, Iceberg D15 considerably impacts sea ice
concentration and thickness along the eastern coast of the
Prydz Bay in the model. When the iceberg is included, it
inhibits ice accumulation in the southeastern bay during
spring, resulting in lower sea ice concentrations com-
pared to the central bay and creating ice-free areas that fa-
cilitate access for research vessels to the coastal stations
such as Zhongshan Station and Davis Station for supplies.
Without the iceberg, sea ice moves southwestward along
the eastern coastline of the Prydz Bay, leading to small in-
creases in sea ice concentration and widespread growth in
ice thickness that extends to the AIS front during autumn
and winter. Moreover, the increase in sea ice concentra-
tion in spring can extend from the southwest of the ice-
berg along the coastline to around 75°E.

Thirdly, Iceberg D15 also affects sea ice distribution
in a large area to its east and north, changing the sea ice
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Fig. 14. Areas (a) and SIP (b) of BP and DP for April-October in Exp. 1 and Exp. 2, calculated within the polynya

mask shown in Fig. 1.

transport pathways. Its presence allows more sea ice to
move westward along the northern edge of the iceberg to
the FLB and the north part of the bay. Without the ice-
berg, sea ice thickness in winter and spring and sea ice
concentration in spring decreases over a larger spatial
scale, with the reduction extending westward to approxi-
mately 70°E.

Finally, Iceberg D15 plays an essential role in modify-
ing the shape and size of BP and DP. Without the iceberg,
BP retreats to the southwest of the WIS, and the polynya
off the northwest edge of WIS near 83°E expands, resem-
bling the shape observed in remote sensing data before the
grounding. The removal of the iceberg increases sea ice
thickness in winter and both thickness and concentration
in spring across BP and DP regions, leading to smaller
polynya extends. Specifically, the total polynya area is re-
duced by 2.83 x 10* km? (60%) and 2.20 x 103 km?2 (20%)
from April to October, respectively. Total SIP declines by
4.11 x 1019 m3 (66%) and 1.52 x 1019 m3 (52%).

These findings highlight the necessity of adding
grounding giant icebergs in the numerical models to accu-
rately represent the distribution of sea ice and polynyas
and the SIP of polynyas in the Prydz Bay.
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