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Abstract. The Amundsen and Bellingshausen Seas are among the most rapidly changing regions of the Southern Ocean, play-

ing a pivotal role in Antarctic ice-shelf mass loss and global sea-level rise. Several ocean models have been developed to

investigate these changes, revealing complex interactions among the atmosphere, ocean, sea ice, and ice shelves. However,

the diversity of model configurations, parameter choices, and model versions often hampers user-friendliness, limits meaning-

ful intercomparison, and constrains broader multidisciplinary use. Here, we present a regional ocean model configuration of5

the Amundsen and Bellingshausen Seas with a horizontal resolution of 2.2-3.9 km based on MITgcm, downscaled from the

global ECCO-LLC270 ocean state estimate, and further optimized using regional observations. We conduct extensive model

evaluation and demonstrate its applications through multiple examples and previously published analyses, with the goal of

providing model configuration and their outputs - achieving good model-data agreement - to the broad scientific community.

The model reproduces key hydrographic features of the region, including realistic temperature and salinity profiles and water10

mass distributions that closely align with local CTD and mooring observations. Simulated sea-ice concentration and extent are

consistent with satellite observations, capturing the observed seasonal cycle and spatial variability. Ice-shelf basal melt rates

fall within the range of available satellite and in situ estimates. The configuration also includes passive tracers for surface water,

ice-shelf meltwater, and Circumpolar Deep Water, as well as Lagrangian particle-tracking capabilities that facilitate studies of

water-mass transformation and tracer pathways. By providing open access to the model code, configuration, diagnostics, tracer15

outputs, and sensitivity experiments, we aim to support data interpretation, hypothesis testing, and observational planning

across the broad scientific community.
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1 Introduction

The Amundsen Sea (AS) and Bellingshausen Sea (BS) are among the most critical regions in Antarctica in terms of ice-shelf

change, where rapid thinning and basal melting have been observed over the past ∼20 years (Depoorter et al., 2013; Rignot20

et al., 2013; Paolo et al., 2015). These changes contribute substantially to ocean freshening and global sea-level rise through

enhanced discharge of grounded ice (Shepherd et al., 2012; Rignot et al., 2013). The primary driver of high basal melt rates in

both regions is the intrusion of relatively warm modified Circumpolar Deep Water (mCDW, approximately 0.5–1.5◦C), which

travels to ice-shelf cavities through glacially carved troughs from the continental shelf break at depths below ∼300–500 m

(e.g., Jacobs et al., 1996; Nakayama et al., 2013; Dutrieux et al., 2014; Webber et al., 2017; Jenkins et al., 2018).25

In recent years, multiple research groups have developed regional ocean models for the AS and BS to resolve key processes

such as mCDW inflow, ice-shelf–ocean interactions, and cross-shelf processes. These efforts have yielded valuable insights into

the dynamics and variability of warm-water intrusions across a range of spatial and temporal scales. Several studies have exam-

ined historical and projected changes in the Amundsen Sea (e.g., Thoma et al., 2008; Assmann et al., 2013; Kimura et al., 2017;

Nakayama et al., 2017; Naughten et al., 2022; Jourdain et al., 2022; Naughten et al., 2023; Park et al., 2024; O’Connor et al.,30

2025), while others have explored diverse aspects of the regional system, including mCDW and glacial meltwater transport

(e.g., Nakayama et al., 2014a, 2019; Hyogo et al., 2024; Shrestha et al., 2024; St-Laurent et al., 2024), biogeochemical–ocean

interactions (e.g., St-Laurent et al., 2017, 2019), and coupled ice–ocean dynamics (e.g., De Rydt et al., 2014; Donat-Magnin

et al., 2021; Caillet et al., 2023). Despite these advances, model configurations and sets of parameters differ widely (even

including those published by the same group using the same configurations) in their representations of bathymetry, surface35

forcing, boundary conditions, and subgrid-scale parameterizations (e.g., mixing, tides, and ice-shelf melting). As a result,

model outputs are difficult to cross-compare, even when addressing similar research questions. This diversity in model de-

sign poses challenges for reproducibility and makes it difficult for non-specialists to use ocean model results to complement

their own research, limiting their broader applicability to disciplines such as ocean data analyses, glaciology, biogeochemistry,

paleoceanography, and observational planning.40

Over the past decade, our research group has focused on hindcast simulations that achieve close agreement with observations

using the Massachusetts Institute of Technology general circulation model (MITgcm). This work includes downscaling the

global ECCO (Estimating the Circulation and Climate of the Ocean)-LLC270 ocean state estimate (Zhang et al., 2018) and

developing regional ocean state estimates with optimized parameters (e.g., Nakayama et al., 2017, 2018, 2021b). Building on

this foundation, the latest version of the MITgcm-based AS and BS regional simulation reproduces the mean hydrographic45

structure, seasonal to interannual variability in thermocline depth, ocean heat intrusions, and key physical processes driving

ice-shelf melting, in good agreement with observations (Nakayama et al., 2018; Hyogo et al., 2024; Park et al., 2024). To further

advance scientific understanding and maximize the impact of regional modeling, we believe a standardized configuration that

promotes transparency, comparability, and collaboration is necessary.

Here, we present a comprehensive evaluation of the ECCO-downscaled Amundsen-Bellingshausen Sea simulation, based50

on the model configuration developed by Nakayama et al. (2018) and further refined by Hyogo et al. (2024) and Park et al.
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(2024). We assess model performance in diverse aspects, including sea ice, ocean, and ice-shelf melting. In addition, we

introduce a suite of tools and example applications for conducting sensitivity experiments, passive tracer simulations, and

Lagrangian particle tracking, as well as providing examples from past studies that rely on this framework. These tools support

post-simulation oceanographic analysis, process-oriented studies, and observational planning.55

2 Methods

2.1 Ocean model

We design a regional ocean simulation using a configuration of the MITgcm version 66j for the AS and BS (Fig. 1). The model

configuration is based on Nakayama et al. (2018); Hyogo et al. (2024); Park et al. (2024), but we extend the simulation period

from January 1992 through April 2025. The model includes dynamic and thermodynamic sea-ice processes (Losch et al., 2010)60

and thermodynamic ice-shelf interactions (Losch, 2008). The model domain encompasses the AS and BS (indicated by the

black line in Fig. 1 inset). The model uses a latitude–longitude grid north of 70 ◦S and a bipolar grid south of 70 ◦S (see Forget

et al. (2015) for details) with a horizontal grid spacing in the AS and BS of 2.2–3.9 km. The vertical discretization comprises 70

levels varying in thickness from 10 m near the surface, 70–90 m at depths of 500–1000 m, and 450 m at the deepest level of 6000

m. The model bathymetry is based on the International Bathymetric Chart of the Southern Ocean (IBCSO) (Arndt et al., 2013),65

and the model ice draft and bathymetry under the ice shelves are based on Bed-Machine Antarctica v3 (Morlighem, 2022).

The initial conditions are derived from a 16-year (2001–2016) spin-up, integrated from rest and from the January World Ocean

Atlas 2009 temperature (Locarnini et al., 2010) and salinity (Antonov et al., 2010) fields. Surface forcing for the 1992–2017

period is provided by ECCO (Estimating the Circulation and Climate of the Ocean)-LLC270 (Zhang et al., 2018), which is

based on ERA-Interim (Dee et al., 2011) and has been adjusted using the ECCO adjoint model-based methodology (Wunsch70

and Heimbach, 2013). For the extension period (ie, 2018 and onward), ECCO-LLC270 computed the time mean seasonal

cycle of atmospheric forcing adjustments from 1992 to 2017 and applied those results to ERA5 reanalysis for forcing fields.

Similarly, the boundary conditions for the 1992-2017 and 2018-2025 periods are provided by ECCO-LLC270 and ECCO-

LLC270 extension, respectively. This model does not account for tidal forcing. We assume steady-state ice-shelf thickness and

cavity geometry, and compute basal mass loss rates following the three equations formulation of Hellmer and Olbers (1989)75

as refined by Holland and Jenkins (1999). Because cavity geometry and ocean circulation are not well resolved with 3-4 km

horizontal resolution, we do not allow the heat and salt transfer coefficients to vary with friction velocity. Instead, we prescribe

constant values of 0.25 × 10−4 m s−1 for George VI and 0.5 × 10−4 m s−1 for all other ice shelves (Table S3 in Hyogo et al.

(2024)). Several icebergs are grounded off the Bear Peninsula along the 400 m isobath, forming a barrier of grounded icebergs

and landfast ice that limits sea-ice transport between the eastern and central Amundsen Sea. Following Nakayama et al. (2017),80

we represent this region as a 10-m ice shelf to represent a barrier to improve simulated sea ice dynamics. No iceberg melting

parameterization is applied.
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2.2 Observations used for evaluation

For sea ice, we use sea-ice concentration (SIC) data from the Bootstrap Sea Ice Concentrations from Nimbus-7 SMMR and

DMSP SSM/I–SSMIS, Version 4 product provided by the National Snow and Ice Data Center (NSIDC) (Comiso, 2023).85

The dataset has a daily resolution of 25 km. Sea-ice thickness is taken from the SMOS-derived Antarctic sea-ice thickness

product for 2010–2020 generated by the Alfred Wegener Institute (AWI) (Tian-Kunze and Kaleschke, 2021). This dataset has

a daily resolution of 12.5 km and covers 15 April–15 October each year; thickness estimates below 1 m are considered reliable

(Kaleschke et al., 2024). Observation-based polynya areas are obtained from the Daily Edge of Each Polynya in Antarctic

(DEEP-AA) dataset (Lin et al., 2024a), which has a 6.25 km daily resolution and covers April–October. Based on SIC data90

retrieved with the Advanced Microwave Scanning Radiometer (AMSR) on board of NASA’s Terra and Aqua satellites, DEEP-

AA identifies regions of open water where SIC is less than 0.8, while its reliability has been validated (Lin et al., 2024b). Daily

sea-ice production (SIP) is taken from Nakata and Ohshima (2022), which derives SIP from AMSR brightness temperatures

combined with meteorological forcing from the ERA5 reanalysis. This product has a 12.5 km daily resolution. Half-monthly

landfast ice extent is obtained from the Circum-Antarctic Landfast Sea Ice Extent, 2000–2018, Version 2.2 dataset (Fraser95

et al., 2020).

For the ocean, we evaluate the model’s ocean hydrography and circulation by comparing simulated hydrographic properties

with ship-based CTD and mooring observations. For the ship-based observations, we used the measurements collected during

several research cruises: R/V James Clark Ross cruise JR165 (20 March-27 March 2007) (Castro-Morales et al., 2013), the

IBRV Araon ANA02C (16 February–4 March 2012) (Kim et al., 2017), ANA08B (18 January 2017–1 February 2018) (Ass-100

mann et al., 2019), R/V Nathaniel B. Palmer cruises NBP07-02 (19 February-6 March 2007) (Jacobs et al., 2012), NBP09-01

(13 January-29 January 2009) (Jacobs et al., 2011), and NBP19-01 (31 December 2018-6 January 2019) (Thompson et al.,

2020). For the mooring, we also use an array of moored observations in the Eastern Amundsen Sea.The mooring observations

are compiled for Pine Island Trough East (PITE), Pine Island Trough West (PITW), the middle of the Pine Island Trough

(Mid-shelf), Pine Island Glacier front North (PIGN ), and Pine Island Glacier front South (PIGS) as shown in Fig. 1. The oldest105

component of the record started in 2009, implemented by S. Jacobs. The timeseries was continued by the iSTAR program (A.

Jenkins), and is now maintained as a UK long-term monitoring program. Each mooring is instrumented with 6 to 8 tempera-

ture sensors interspersed between the seabed and about 350m depth, resolving the structure of the warm bottom layer and the

thermocline.

2.3 Passive Tracers110

We include three passive tracers—surface-restoring, CDW, and ice-shelf-melt tracers—to facilitate the analysis of water-mass

movement and transformation. For the surface-restoring tracer, the tracer concentration is restored to unity at the ocean surface

everywhere except within 10 grid cells of the model boundary. Within this boundary region, the tracer is instead restored

to zero to prevent artificial mixing of the surface-restoring tracer into deeper layers due to spurious mixing near the model

boundary. For the CDW tracer, the model is initialized with a passive-tracer concentration of unity in regions where the115
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potential temperature exceeds 1.0 °C and north of the continental-shelf break. There is no additional forcing applied. Because

the CDW tracer gradually mixes with surrounding water masses, we limit its output to a three-year period from 1992 to 1995.

For the ice-shelf-melt tracer, the model is initialized with zero concentration, and tracer is released at the same rate as basal

melt occurs at ice-shelf bases, following Nakayama et al. (2014a, 2017).

2.4 Particle release experiment120

We carried out particle-release experiments using the Octopus package (https://github.com/jinbow/Octopus) in an offline con-

figuration. Particles were released at selected locations and depths depending on the objective of each experiment. Both forward

and backward integrations were performed using 5-daily mean outputs of ocean current: forward experiments examined the

dispersion of water masses from specified release points, while backward experiments traced the origins of water entering key

sites such as troughs and ice-shelf cavities. The overall approach follows earlier studies (Nakayama et al., 2019; Hyogo et al.,125

2024). The experiment can be easily adjusted for different release points, depths, or time periods. We also provide code, input,

and particle experiments output as an example.

3 Model evaluation

3.1 Sea ice

3.1.1 Sea ice area130

We evaluate the sea-ice area (SIA), defined as the sum of grid cell areas multiplied by their respective sea ice concentrations,

considering only cells with at least 15%. The simulated monthly SIA time series agree well with observations (Figs. 2a-h and

3a). The simulated sea-ice concentration patterns for summer, autumn, winter, and spring are in agreement with observations

(Figs. 2a-h). Qualitatively, the model reproduces the seasonal growth and expansion of sea ice during autumn and winter, the

maximum extent and spatial distribution in winter, the presence of coastal polynyas, and the retreat during spring. However,135

summer sea ice concentration is underestimated. Observations show about 2.7×105 km2 of sea ice remaining in the Amundsen

Sea, whereas the simulation shows only about 0.5×105 km2. To examine this further, we analyze detrended monthly anomalies

in September and February (Figs. 3b–c). The simulation reproduces near-realistic anomaly evolution in September, but exhibits

substantially larger variability than the observations for the February sea ice minimum. Whether in February or September, the

SIA anomaly shows a significant correlation between the simulation and the observation (February: r=0.39, p<0.05; September:140

r=0.77, p<0.05), which demonstrates the reliable ability to reproduce the interannual variations of sea ice. For the seasonal

cycle (Fig. 3d), the model shows that the SIA in winter is consistent with the observations, while in summer it is lower. From

June to November, the uncertainty intervals (defined by one standard deviation) of the model and the observations overlap.

Difficulties in simulating summer sea ice are common in other Antarctic continental simulations as well (e.g., Jourdain et al.,

2017; Bett et al., 2020; Van Achter et al., 2022), likely due to challenges in representing sea ice dynamics—including fast ice145

and icebergs—as well as near-surface ocean stratification.
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3.1.2 Sea-ice thickness

We perform a similar analysis for sea-ice thickness (Figs. 2i-l). Due to the limitations of remote sensing data, we only evaluate

thin sea ice (<1 m) in the autumn and winter seasons. Qualitatively, simulated and observed sea-ice thickness distributions for

autumn and winter are in good agreement with observations. In autumn, sea ice begins to thicken over the continental shelf, a150

feature captured in both the model and the observations. In winter, however, the model shows thick ice concentrated primarily

over the continental shelf, whereas observations indicate thick ice not only over the shelf but also in the western part of the

domain within the Ross Gyre. This discrepancy is likely due to the representation of sea-ice growing processes in the model

as well as mismatches in the boundary conditions, with the advection of sea ice from the western boundary into the Ross Gyre

being underestimated in our regional model. Similar to the results of SIC, the coastal polynyas with thinner ice are reproduced155

successfully.

3.1.3 Sea ice production and Polynya

Qualitatively, Amundsen, Pine Island Bay, and Bellingshausen polynyas are well represented in the simulation. For the Wrigley

Gulf and Amundsen polynyas (Fig. 2), the simulated sea-ice formation rates for these regions agree closely with satellite-based

estimates (Table 1). However, for the Pine Island Bay and Bellingshausen polynyas, the sea-ice production in the model is much160

larger than the observation, overestimated by 3.6 times and 5.9 times, respectively. The simulated lifespans of Pine Island Bay

and Bellingshausen polynyas are in agreement with observations, but their areas are quite smaller (Figs. 4e-f and i-j). This

indicates that simulated opening and closing of polynyas is reasonable and that the main error lies in the size of the polynyas

during their maintenance period. A large amount of landfast ice surrounding these two polynyas is the likely reason for the

overestimated sea-ice formation in the model compared to observation (Figs. 4a-b, Table 1). The landfast ice is not included165

in our model; this likely allows the simulated polynyas to expand more. For the Wrigley Gulf and Amundsen polynya (Figs.

4a-b), there is less landfast ice in the downstream (west side). Therefore, their area, lifespan, and ice production reproduced

by our model are in good agreement with the observations (Figs. 4c-d and 4g-h). Particularly noteworthy is that the landfast

ice located upstream (east side) of polynyas has been proven to be able to block the ice flow and play a promoting role in the

polynya opening Ohshima et al. (2016). Our model established an “iceberg line” on the east side of the Amundsen polynya170

based on observations (Nakayama et al., 2014b, 2017), which played a crucial role in accurately reproducing the Amundsen

polynya.

3.2 Ocean

Warm Circumpolar Deep Water (CDW) circulates through the Southern Ocean within the Antarctic Circumpolar Current

and the Ross Gyre (Nakayama et al., 2018) as shown in Fig. 5. Some of this heat is transported onto the Amundsen and175

Bellingshausen Sea continental shelves. Once on the shelf, warm water follows glacially carved troughs for several hundred

kilometers before entering ice-shelf cavities, as illustrated by the horizontal section at 545 m (Fig. 5b and Supplementary

Movie 1 for the output from 2024 based on 5-daily mean). These intrusions of ocean heat are primarily driven by barotropic
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currents that follow the glacial troughs (Fig. 5f). At shallower depths over the continental shelf, the coastal current generally

flows westward from the Bellingshausen Sea toward the Amundsen Sea and exhibits a strong baroclinic structure (Fig. 5e).180

Near the surface, cold and fresh Winter Water (WW) accumulates due to surface cooling and meltwater input from ice shelves.

This leads to a westward deepening of the thermocline across the continental shelf (Figs. 5a,c).

Here, we compare simulated ocean hydrography with ship-based (Figs. 6-8) and mooring (Figs. 9-10) observations across

the AS and BS continental shelves (Fig. 1). We present several hydrographic cross-sections from the open ocean to ice-shelf

cavities between 2007 and 2019, together with mooring time series, to evaluate simulated hydrographic structures and their185

temporal variability at locations where observations are available. Model fields are sampled from the same month as each

observation to avoid comparing different phases of deep and shallow thermocline (lower and higher heat content) periods. In

the Amundsen Sea, the first oceanographic observations were collected in 1994 (Jacobs et al., 1996). Since 2007, numerous

observational campaigns have provided a broad view of water-mass distribution and variability, particularly in the eastern

Amundsen Sea over the past two decades (e.g., Jacobs et al., 2011; Dutrieux et al., 2014; Heywood et al., 2016; Kim et al.,190

2016). Across these observations, no clear long-term trends in ocean properties and thermocline depths are evident; rather, the

dominant signal is interannual to decadal variability in thermocline depth, with only minor changes in the characteristics of

mCDW (Dutrieux et al., 2014; Webber et al., 2017).

3.2.1 Amundsen Sea

CTD observations195

For the section from the open ocean leading to the Pine Island Ice Shelf (Figs. 1 and 6a-d), we observe intrusions of mCDW

flowing toward the ice shelves. The upper layer is occupied by cold, relatively fresh WW, while mCDW fills the deeper layer,

consistent with previous observations (Jacobs et al., 1996; Dutrieux et al., 2014). The simulated and observed thermocline in

2009 are located at approximately 200 m and 300-400 m depth, respectively (Figs. 6a-d). Observations and simulations show

little bias in CDW properties. The simulated mCDW exhibits a maximum potential temperature bias of +0.15 °C, while the200

salinity shows no difference greater than 0.01 (Table 2).

For the section along the trough from open water leading to the Dotson Ice Shelf, observations reveal a two-layer structure

of mCDW and WW, with the WW layer thicker than in the Eastern trough (Figs. 6a-h), consistent with the east-to-west

thickening of WW (Figs. 5a-d). A typical characteristic of the mCDW intrusion in the Dotson Trough is its thin and highly

modified structure, likely caused by the shallower trough bathymetry at the shelf break, which enhances the modification of205

CDW as it crosses the continental shelf. The connection between the glacially calved trough and open water is roughly 100 m

shallower than the Eastern Trough. This enhanced modification is also captured in the simulation, although the model produces

a thicker mCDW intrusion than observed, with observed and simulated thermocline depths located at 300-400 m and 500-600

m, respectively. The observed mCDW has a potential temperature of∼0.5 ◦C and salinity of 34.65, making it colder and fresher

than the mCDW in the eastern trough. In the simulation, mCDW intruding along the Dotson Trough is slightly warmer and210

more saline, with a potential temperature of ∼0.8 ◦C and salinity of 34.7. We also compare observed and simulated sections
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for two different years, but no significant changes are found between the two years in either the observations or the simulations

(Fig. S1).

Two sections connecting the open ocean to the Getz Ice Shelf are compared (Fig. 7). Observations along the Siple Trough re-

veal warm ocean heat intrusions from open water toward the Getz Ice Shelf. These intrusions consist of thin but warm mCDW,215

which is warmer and saltier than in the Dotson Trough by 0.32 ◦C and 0.02, respectively, based on their maximum temper-

ature and salinity. The average thermocline depth is approximately 600 m. Despite the model showing qualitative agreement

representing general features of mCDW intrusions, the simulated mCDW intrusion is too warm and saline with a shallower

thermocline at ∼400 m. Further west, observations along the Western Getz Trough reveal warm ocean heat intrusions from

open water toward the Getz Ice Shelf. These intrusions consist of thin but warm mCDW, which is warmer than in the Dotson220

Trough, accompanied by thickening WW and an average thermocline depth of approximately 600 m. The model reproduces

these features, although the simulated mCDW intrusion is again too warm, too saline, and too thick, with a thermocline shal-

lower at ∼400 m. For these two sections, we compare observed and simulated sections for two different years. No significant

differences in mCDW temperature, salinity, or thermocline depth are evident between the two years (2007 and 2018) in either

the observations or the simulations (Fig. S2). In the western Getz section—another trough connecting open water to the Getz225

Ice Shelf—observations show thin mCDW intrusions with a potential temperature of ∼0 ◦C and a thickness of 50–100 m. By

contrast, the simulation produces thicker intrusions (∼200–300 m) that are warmer and more saline (∼1.3 ◦C, salinity∼34.66).

This discrepancy likely arises from challenges in accurately simulating WW formation and the wind-driven vertical circulation

over the continental shelf.

Overall, comparison of vertical sections toward the Pine Island Ice Shelf, the Dotson Ice Shelf, and the Getz Ice Shelf shows230

that the model is in qualitative agreement with observations. The simulations reproduce key features, including (a) the westward

thickening of WW and (b) the coldest mCDW intrusions occurring along the Dotson Trough. However, simulated mCDW

properties exhibit biases in several locations, particularly toward the west, where temperatures are warmer than observed

by approximately 0.1–0.3 ◦C (excluding the Siple Trough in March 2007; Table 2) and simulated thermocline depths are

shallower. This discrepancy likely reflects challenges in simulating thick WW layers, a common limitation in regional Antarctic235

continental shelf simulations (Nakayama et al., 2021a).

Mooring observations

We also compare simulated temporal variability with mooring observations (Figs. 9-10). The main feature captured by a

compilation of mooring records is a cooling event of 2012–2014, as described by (Dutrieux et al., 2014; Webber et al., 2017;

Park et al., 2024), followed by a rebound and weaker cooling event in 2015-16. The larger cooling signals are consistent across240

the shelf, and observed in the Mid-shelf, PIG-north, and PIG-south moorings. At the PITW mooring, we also detect a slight

deepening of the thermocline at a rate of∼50 m yr−1 between January 2013 and January 2014 (defined by the 1.0 ◦C isotherm

depth). In contrast, the eastern-trough mooring (although limited in duration) does not show a comparable cooling.

Overall, the model captures the qualitative pattern of interannual thermocline variability, though several differences emerge.

In our simulations, the larger cooling event is reproduced at the Mid-shelf, PIG-north, and PIG-south virtual moorings (based245

on monthly mean output), but it occurs with an approximately one-year delay relative to observations. In contrast, the phase of
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the weaker, follow-on cooling in 2015-16 is captured by the simulation. The simulated PITE and PITW virtual moorings also

show a modest thermocline deepening around 2015 of roughly 100 m. Because mooring records at these sites end before 2016,

it is difficult to assess whether this simulated deepening is realistic. A persistent warm bias in simulated mCDW temperatures

is also evident, consistent with the vertical sections (Fig. 6). When extended over the full simulation period (Fig. S3), the model250

indicates additional cold phases (i.e., deep thermoclines) in 1995, 1997, 2000, and 2004—periods not covered by observations,

as presented in Park et al. (2024).

3.2.2 Bellingshausen Sea

In the Bellingshausen Sea, observations are limited to a few years. Hyogo et al. (2024) conducted a detailed comparison

using observations from 2007. Here, we extend this evaluation by comparing our model output with observations from 2019255

(Thompson et al., 2020), focusing on sections where repeated measurements are available. No mooring observations have been

conducted in the Bellingshausen Sea.

Similar to the Amundsen Sea, both observations and simulations show a consistent hydrographic structure, with cold and

fresh WW in the upper layer and mCDW in the lower layer for both 2007 and 2019 at the shelf break of the Belgica trough

(Figs. 8 and S4). For the vertical section at the shelf break of the Belgica trough, observations indicate that the thermocline260

and halocline deepened by∼100 m between 2007 and 2019. The model reproduces this behavior, showing a similar deepening

of ∼100 m (Figs. 8 and S5). In the Belgica and Latady troughs, both observations and simulations show little change in

thermocline depth between 2007 and 2019, while the halocline deepened by ∼100 m in the observations and by ∼100 m in

the model. Although such changes are influenced by both seasonal and interannual variability, our evaluation suggests that the

model skillfully captures the hydrographic structure of the Bellingshausen Sea. A more detailed discussion of circulation and265

hydrographic variability in this region can be found in Hyogo et al. (2024). Despite the good model data agreement for the

thermocline depths, simulated mCDW properties are biased warm and saline by approximately +0.2◦C and -0.02, respectively

(Table 3).

3.3 Ice-Shelf melting

We compare simulated ice-shelf melt rates with satellite-based estimates (Fig. 11 and Tables 4-5). As shown in previous270

studies (Hyogo et al., 2024; Park et al., 2024), the model achieves good overall agreement with observations with several

regional differences. In the Amundsen Sea, the simulated melt rate of the Cosgrove Ice Shelf is generally higher than observed,

whereas the simulated melt rate for the Thwaites Ice Shelf is lower. For the Pine Island, Crosson, Dotson, and Getz ice shelves,

agreement with satellite-based estimates varies across different time periods. In the Bellingshausen Sea, the simulated melt rate

of the George VI Ice Shelf tends to be higher than satellite-based estimates, and the Wilkins Ice Shelf also exhibits elevated melt275

rates during 2003–2008 (Rignot et al., 2013). We note that, because we adjust the ice–ocean heat and salt transfer coefficients,

it is relatively easy to match the total integrated melt rates for the entire Amundsen or Bellingshausen sectors. However,

reproducing realistic regional differences requires accurate simulation of the underlying hydrography and circulation.
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We compare time series of ice-shelf melt rates for the major ice shelves in the AS and BS. For most ice shelves, melt rates

remain relatively stable, fluctuating around their mean values without significant long-term trends (Fig. 11). We identify several280

episodes of large variability, though it is unclear whether similar variability occurs in reality. The Abbot and Getz ice shelves,

in particular, exhibit pronounced interannual fluctuations. For both ice shelves, melt rates increase notably after 2016, with

simulated values rising by factors of approximately three and two, respectively.

We also compare time series of simulated ice-shelf melt rates for Pine Island and Dotson Ice Shelves with oceanography-

based estimates (Dutrieux et al., 2014; Heywood et al., 2016; Jenkins et al., 2018) shown in Fig. S6. The agreement between285

the simulated and observation-based melt rates is generally poor not showing similar temporal variabilities, though within the

generally large error bar of the observational estimates. Additional work carefully comparing differences between satellite-

based and oceanographic estimates of ice-shelf melt rates, as well as the associated uncertainties, would be useful.

4 Applications

4.1 Model analyses290

In the following, we summarize published and ongoing studies that use the same and prior versions of model outputs for

process studies, interpretation of observations, sensitivity experiments, and as boundary forcing for downscaled simulations.

Nakayama et al. (2018) used the model to diagnose pathways of CDW onto the continental shelf and quantify their influence

on ice-shelf basal melting and shelf heat content. Building on this, Hyogo et al. (2024) examined interannual variability in

shelf circulation and heat transport, linking changes to large-scale atmospheric forcing and regional ocean dynamics. Park295

et al. (2024) further quantified the drivers of local thermocline depth and hydrographic conditions at the Pine Island Ice Shelf

front, and explored connections between local circulation and the ocean bottom.

Sensitivity experiments have also been carried out with this model configuration. For example, O’Connor et al. (2025)

performed perturbation experiments by repeating selected years of atmospheric forcing to amplify their impact on ocean

circulation and hydrography, thereby identifying drivers of interannual variability of the undercurrent. Nakayama et al. (2018)300

conducted multi-year perturbation experiments by swapping boundary conditions and atmospheric forcing, demonstrating the

importance of large-scale ocean circulation in shaping Amundsen Sea hydrography and the properties of CDW intruding onto

the West Antarctic continental shelf.

The model output has also been used to provide boundary and initial conditions for higher-resolution nested simulations

(Nakayama et al., 2019). These downscaled simulations have been employed to investigate the role of horizontal grid spacing305

in resolving ocean dynamics across different spatio-temporal scales (Poinelli et al., 2025b). Finally, such simulations have been

used to examine submesoscale processes near West Antarctic glaciers and their impacts on modulating submarine ice-shelf

melting (Shrestha et al., 2024; Poinelli et al., 2025a), as well as the influence of subglacial freshwater discharge (Nakayama

et al., 2021b).
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4.2 Sensitivity simulations310

We conduct two additional sensitivity simulations to provide a better framework for users. We conduct high-melt and low-melt

runs between 2018 and 2023, where we multiply ice-ocean heat and salt transfer coefficients of Pine Island and Thwaites ice

shelves by 2 and 0.5, respectively. Simulated melt rate of both ice shelves decreases by 43% (respectively increases by 37%)

for the low-melt (respectively high-melt) experiment compared to the control experiment (Table 6).

Because the experiments are conducted for only five years, the impact of the imposed ice-shelf melt anomalies on the ocean315

is relatively small but still detectable (Figs. 12 and 13). At 250 m depth, which roughly corresponds to the depth of glacial

meltwater leaving the ice-shelf cavities, the salinity difference becomes large between these two sensitivity experiments (Fig.

13). The high-melt experiment leads to a slight freshening of 0.02 on the Amundsen continental shelf, while the low-melt

experiment leads to a slight increase in salinity of 0.025. Changes in potential temperature are more difficult to discern from

the spatial patterns (Fig. 12) and are much smaller than the salinity change. We can still detect a slight broad cooling pattern320

(Fig. 12a). For depths between 500 and 700 m, which matches the depth of mCDW, the changes are small (Figs. 12b,d), but

the pattern is much stable with smaller spatial variability, making it easier to discern the impact of enhanced/reduced melting.

By looking at the difference, we observe warmer and saltier mCDW intrusions in the high-melt experiment, likely induced by

enhanced ice-shelf melting.

4.3 Passive tracers325

The surface restoring tracer in MITgcm can help reveal the fluxes as well as the pathways for ventilation and surface renewal

(Fig. 14). Diagnostic variables that describe the tracer transport include both vertical and horizontal advective and diffusive

fluxes. Outputs with surface tracer over the past 3 decades have revealed how the isolated mesoscale regions where heat fluxes

and ice production are high can effectively reset the entire water column properties above the CDW layer (Fig. 14). These

surface restoring tracer simulations provide quantitative insights to the seasonal production of winter water as well as to the330

restoration of oxygen, and the downward mixing of other surface processes including sea ice and glacial melt. As exemplified

by the tracer profiles in the Amundsen Sea Polynya, the model suggests that stratification and surface forcing during multi-year

periods can lead to complete penetration into the deepest retrograde troughs, below 1000 m, that lie close to the ice sheet

northern terminus. The vertical mixing scheme relies upon the K-Profile Parameterization (KPP) closure model and reveals

that turbulent diffusivity dominates the vertical flux of surface tracer within the top 50 m in the region that might typically335

describe the summer mixed layer. Below 100 m, vertical advective fluxes are the most important ventilation mechanism. In the

Belgica Trough of the Bellingshausen Sea, we can also see similar behavior but shallower convection occurs compared to the

polynya in the Amundsen Sea (Fig. 14).

The CDW tracer is used to track pathways of mCDW intrusions onto the continental shelf (Figs. 15a,b and Supplementary

Movie 2). These intrusions enter from the continental shelf break, following glacially carved troughs, and the pathways become340

apparent within a few months in both the Amundsen and Bellingshausen Seas (Fig. 15). After three years, a larger amount of

CDW occupies the continental shelves. Because the CDW tracer is implemented only as an initial condition, it progressively
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mixes as mCDW interacts with and dilutes into glacial meltwater. In the model output, we provide CDW tracer fields only for

the first five years; users who wish to examine mCDW intrusions for other periods will need to rerun the tracer experiment.

The ice-shelf melt tracer is used to track the distribution and pathways of meltwater released from ice shelves (Figs. 15c,d345

and Supplementary Movie 2). The vertically integrated meltwater content shows strong accumulation along the coastline in

the first year, followed by increased spreading over the continental shelves within three years. Almost no meltwater is exported

to the open ocean because the circulation on the shelf is largely confined, and the potential vorticity (PV) gradient between

on-shelf and off-shelf regions inhibits water-mass exchange. This tracer experiment is run continuously throughout the full

simulation (1992–2025), but users may restart the experiment from any year if they wish to investigate changes in meltwater350

pathways. For this purpose, Lagrangian particles can also be used to study meltwater behavior (e.g., Hyogo et al. (2024)).

4.4 Lagrangian Particle Tracking

To complement the Eulerian circulation patterns and passive-tracer diagnostics presented in Sections 4.2 and 4.3, we use

forward and backward Lagrangian particle tracking to examine the pathways of mCDW intrusions and the dispersion of melt-

water across the Amundsen Sea continental shelf. This analysis reveals how water parcels move through key troughs, reach the355

ice-shelf cavities, and interact with coastal currents.

Hydrographic sections (Fig. 7) indicate that the Siple Trough hosts a relatively warm and persistent mCDW intrusion, with

a deep thermocline and a two-layer structure. Based on this structure, particles were released off the shelf break at 600–750

m, consistent with the depth of the mCDW core in observations and simulations (Fig. 16). The resulting trajectories (Fig. 17

and Supplementary Movie 3) show that offshore parcels cross the shelf break near 73.1°S and follow the eastern flank of the360

trough toward the Getz Ice Shelf front. Near Din Island, particles enter a cyclonic flow that redistributes them along the 700 m

isobath before either recirculating near the ice front or moving westward along the slope.

We also provide examples of how ice-shelf meltwater travels in time from the Dotson, Pine Island, and Thwaites ice shelves

(Fig. 18 and Supplementary Movies 4-6). In the forward experiments, particles released just seaward of each ice-shelf front

show that meltwater is rapidly entrained into the westward Antarctic Coastal Current and advected along the coast. This365

behavior is consistent with previous studies documenting coastal pathways of meltwater export.

To determine the origin of the warm water entering the ice-shelf cavities, we conduct backward particle-tracking experi-

ments. Particles released below 700 m in the deep Dotson and Pine Island Bay troughs were tracked backward for 12 months

(Fig. 19 and Supplementary Movies 7-8). The resulting pathways show that mCDW supplying Dotson arrives mainly through

the western trough, while mCDW feeding Pine Island and Thwaites enters via the central and eastern troughs, underscoring370

the strong topographic control on warm-water access.

The forward and backward particle-tracking experiments provide a coherent Lagrangian view of how warm mCDW and

meltwater circulate within the Amundsen Sea. They strengthen the interpretation of the Eulerian and tracer-based analyses and

highlight key pathways where targeted observations would be most effective.
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5 Conclusions375

In this study, we assess the performance of the ECCO-LLC270 downscaled model for the Amundsen and Bellingshausen Seas,

focusing on sea ice, ocean, and ice-shelf melting. The model reproduces key characteristics of regional sea-ice variability, cap-

tures the main ocean circulation features and water-mass distributions, and simulates ice-shelf basal melt rates that align with

observations. Beyond these core evaluations, we demonstrate how passive tracers, Lagrangian particles, and sensitivity exper-

iments can be used to investigate water-mass pathways, meltwater dispersal, and the physical mechanisms driving ocean–ice380

interactions. Importantly, the model configuration, code, and outputs are shared to be user-friendly and accessible, allowing

researchers from diverse backgrounds — including those outside traditional ocean modeling — to explore, interpret, and build

upon the simulations. By providing a common, well-evaluated “control” experiment, this work facilitates intercomparison

studies, supports hypothesis testing, and encourages broader, multidisciplinary investigations of the rapidly changing Southern

Ocean.385
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Figure 1. Map of model bathymetry (color). Bathymetric contours of 500, 1000, 2000, 3000, and 4000 m are shown with black contours.

The inset (bottom right) shows Antarctica with the region surrounded by a black line denoting the model domain. Locations of hydrographic

profiles collected from cruise JR165 (yellow circles), cruise NBP07-02 (red circles), NBP09-01 (orange circles), ANA02C (cyan circles),

ANA08B (green circles), and NBP19-01 (magenta circles) are shown. The colored stars indicate the southern endpoints of the model sec-

tions—extended beneath the ice shelves—for the Eastern Trough (orange star), Dotson Trough (cyan star), Siple Trough (green star), and

Western Getz Trough (red star) (Figures 6–8, S1–S2, and S4–S5). The four-digit numbers near each observation site indicate the year of

observation (for the datasets used in this study only). Green triangles indicate the moored stations. The locations of ice shelves are shown

with light gray color: Getz Ice Shelf (Get), Dotson Ice Shelf (Do), Crosson Ice Shelf (Cr), Thwaites Ice Shelf (Th), Pine Island Ice Shelf

(Pi), Cosgrove Ice Shelf (Co), Abbot Ice Shelf (Ab), George VI Ice Shelf (Geo), Venable Ice Shelf (Ve), Ferrigno Ice Shelf (Fe), Stange Ice

Shelf (St), George VI Ice Shelf (Geo), Wilkins Ice Shelf (Wi), and Bach Ice Shelf (Ba). White squares indicate the locations where hovmeller

diagrams of surface restoring tracer are shown (Fig. 14).
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Figure 2. Comparison of sea ice concentration (Group I), thickness (Group II), and production (Group III) with remote sensing data. The

left column (a, c, e, g, I, k, m) comes from the model; the right column (b, d, f, h, j, l, n) comes from the remote sensing data. The seasons

and the corresponding months for comparison are marked at the top of each subfigure. In (e) and (f), the 4 main polynyas have been marked.
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Figure 4. Evaluation of the area and life span of polynyas in the model. (a) and (b) are the frequency maps of polynyas (warm color) and

landfast ice (cold color) from the model and observation, respectively. (c)-(f) plots the area; (g)-(j) plots the life-span. The red lines indicate

the results from the model, and the blue lines indicate those from remote sensing data. Their correlation coefficient is marked on the figure.
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Figure 5. Main characteristics of the ocean in January 2025 at 215 m (left column) and 525 m (right column) depths. (a-b) potential

temperature, (c-d) salinity, and (e-f) velocity. The light gray areas represent the areas under bathymetry. The dark gray and gray areas

represent the grounded ice sheet and floating ice shelves, respectively.
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Figure 6. Simulated vertical sections of (a, e) potential temperature and (c, g) salinity along the Eastern Trough (2009) and Dotson (2012)

transects, using monthly mean fields for the corresponding observation months. The model sections are extended further south to illustrate

the hydrographic structure within the ice-shelf cavities (see the orange and cyan stars in Fig. 1). Observed vertical sections of (b, f) potential

temperature and (d, h) salinity along the same transects are also shown.
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Figure 7. Same as in Fig. 6, but for Siple (2018) and Western Getz troughs (2007). The model sections are extended southward into the

ice-shelf cavities (see the green and red stars in Fig. 1). A comparison with the 2007 Siple trough section is shown in Fig. S2.
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Figure 8. Same as in Fig. 6, but for vertical sections crossing Belgica trough using 2018-2019 observations in BS. A comparison with the

2007 Belgica trough section is shown in Figs. S4 and S5.
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Figure 9. Time series of in situ temperature from mooring data located in the eastern Amundsen Sea. The mooring locations are shown in

Figure 1. We present in situ temperature measurements here because salinity data are not available at the same depths as the temperature

sensors. The difference between potential temperature and in situ temperature is small—calculated to be less than 0.03°C at a depth of 500

m, assuming a salinity of 34.4.
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Figure 10. Same as Figure 11, but showing simulated potential temperature from the monthly model output between January 2009 and

February 2020.
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(a)

(b)

Figure 11. Time series of simulated ice-shelf melt rates in the (a) Bellingshausen Sea (BS) and (b) Amundsen Sea (AS). Each color represents

the area-integrated melt rate for an individual ice shelf, as indicated in the legend at the top of each panel.
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Figure 12. (a,c) Difference in potential temperature and salinity at 250 m depth between high-melt (High) and low-melt (Low) experiments,

after 5 years of simulation. (b,d) Same as (a,c) but for 500-700 m depths averages. High-melt and low-melt experiments refer to simulations

where ice-ocean heat and salt transfer coefficients of Pine Island and Thwaites ice shelves are multiplied by 2 and 0.5, respectively, compared

to the control (Ctrl) experiment. The bathymetry contour of 2000 m is shown in black. The dark gray and gray areas represent the grounded

ice sheet and floating ice shelves, respectively.
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Figure 13. (a,b) Spatially averaged temperature and salinity profiles on the Amundsen continental shelf (between 120°W and 100°W and

bathymetry shallower than 2000 m) for high-melt (High), control (Ctrl), and low-melt (Low) experiments, after 5 years of simulation. The

sub-panels show the difference in temperature and salinity between the sensitivity experiments (High, Low) compared to the control (Ctrl)

experiment. High-melt and low-melt experiments refer to simulations where ice-ocean heat and salt transfer coefficients of Pine Island and

Thwaites ice shelves are multiplied by 2 and 0.5, respectively, compared to the control experiment.
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within the region typically occupied by the Amundsen Sea Polynya. 
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Figure 14. The concentration of a surface restoring tracer in kg of tracer per kg of seawater (kg/kg) situated (a) north of the Dotson Ice

Shelf at 73.41 °S and 114.96 °W within the region, typically occupied by deep convection in the Amundsen Sea Polynya, and (b) the Belgica

Trough of the Bellingshausen Sea at 73.41 °S and 83.09 °W. These locations are shown with white squares in Figure 1.
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Figure 15. Bottom concentration of tracer representing Circumpolar Deep Water (TR2), that initially lay in front of the continental shelf,

after (a) 1 year and (b) 3 years of simulation. Spatial distributions of vertically integrated meltwater content after (c) 1 year and (d) 3 years

of simulation. The bathymetry contours of 500 and 2000 m are shown in gray. The dark gray and gray areas represent the grounded ice sheet

and floating ice shelves, respectively.
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(a) (b)Circulation of CDW Circulation of WW

Figure 16. Mean circulation of the (a) lower-layer modified Circumpolar Deep Water (mCDW) and (b) upper-layer Winter Water in the

western Getz Ice Shelf region, averaged over 1992–2020. The mCDW layer is defined as the deeper layer below the 0.7 °C isotherm.

Meridional velocities are shown in color shading, where positive values indicate northward flow and negative values indicate southward flow.

Thick black contours denote the ice-shelf front and the orange line indicates the bathymetry (in meters).
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Figure 17. Forward particle trajectories from the source region (black box) with particles released at 600-750 m depth, representing a

plausible offshore CDW source region flowing onto the shelf. Trajectories are shown at 30, 45, 60, and 90 days after release on 1 January

2016. Colors indicate particle age (days). Bathymetric contours are shown in meters.
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Figure 18. Forward particle trajectories of meltwater released from major ice shelves in the Amundsen Sea. Particles were initialized in the

surface grid cells adjacent to the ice fronts of the (a, b) Dotson Ice Shelf, (c, d) Thwaites Ice Shelf, and (e, f) Pine Island Ice Shelf. Trajectories

after 6 months (left panels) and 12 months (right panels) illustrate the downstream dispersion pathways. Colors denote the elapsed time since

release, and contours indicate the bottom topography.
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Figure 19. Backward particle-tracking experiments of mCDW in the Amundsen Sea. Particles were released below 700 m in the (a, b) eastern

Dotson Trough and (c, d) Pine Island Bay Trough and tracked backward to their source regions. Panels show trajectories over the 6 months

(left panels) and 12 months (right panels) preceding arrival, illustrating the dominant mCDW pathways. Colors denote the number of days

before arrival at the release sites, and contours indicate bottom topography.
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Table 1. Sea ice production in polynyas

Wrigley Gulf Amundsen Pine Island Bay Bellingshausen

Observertion (km3 d−1) 0.16 0.42 0.17 0.09

Model (km3 d−1) 0.20 0.46 0.57 0.50
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Table 2. Comparison of observations with model results for maximum potential temperature and salinity in sections (Figure 1).

Max Pot.Temperature [◦C] Max Salinity

Section Observation Simulation Observation Simulation

Eastern Trough

(Jan., 2009)
1.67 1.82 34.73 34.73

Dotson Trough

(Feb.-Mar., 2007)
1.38 1.66 34.73 34.73

Dotson Trough

(Feb.-Mar., 2012)
1.20 1.65 34.71 34.72

Siple Trough

(Mar., 2007)
1.62 1.56 34.73 34.73

Siple Trough

(Feb., 2018)
1.52 1.68 34.73 34.73

Western Getz Trough

(Mar., 2007)
1.48 1.56 34.73 34.73

Table 3. Comparison of observations with model results for maximum potential temperature and salinity in sections (Figure 1).

Max Pot.Temperature [◦C] Max Salinity

Section Observation Simulation Observation Simulation

Belgica Trough at the shelf break

(Mar., 2007)
1.44 1.64 34.73 34.71

Belgica Trough at the shelf break

(Dec., 2007 - Jan., 2019)
1.45 1.67 34.72 34.72

Belgica and Latady Troughs

(Mar., 2007)
1.44 1.58 34.72 34.70

Belgica and Latady Troughs

(Jan., 2019)
1.36 1.57 34.72 34.71
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Table 4. Observation-based estimates of basal melt rate (Rignot et al., 2013; Depoorter et al.,2013; Liu et al.,2015; Adusumilli et al., 2020)

and model mean basal melt rates for Cosgrove, Pine Island, Thwaites, Crosson and Dotson, and Getz ice shelves in the Amundsen Sea.

Basal melt rate[Gt/yr] Cosgrove Pine Island Thwaites Crosson and Dotson Getz

Rignot et al.,2013

(2003-2008)
8.5±2 101.2±8 97.5±7

38.5±4 (Crosson)

45.2±4(Dotson)
144.9±14

Simulation

(2003-2008)
12.7±4.7 79.1±11.6 35.6±9.5 44.2±8.5 117.0±18.2

Depoorter et al.,2013

(2007-2009)
11±3 95±14 69±18 78±7 136±23

Simulation

(2007-2009)
17.1±1.5 92.7±4.2 44.1±5.3 59.9±5.9 137.7±11.6

Liu et al.,2015

(2005-2011)
8±1 51±8 52±19 37±5 96±16

Simulation

(2005-2011)
17.2±2.2 92.9±7.6 44.3±5.4 56.0±9.6 123.7±18.7

Adusumilli et al.,2020

(1994-2018)
2.7±4.1 76.6±8.6 81.9±7.4

20.9±4.9 (Crosson)

28.2±8.5(Dotson)
124.1±40.9

Simulation

(1994-2018)
13.3±4.6 85.1±12.6 36.4±9.4 50.7±12.6 127.9±29.6

Adusumilli et al.,2020

(2010-2018)
4.2±4.1 76.0±8.7 81.1±7.4

17.9±4.9 (Crosson)

26.1±8.5(Dotson)
122.6±40.9

Simulation

(2010-2018)
14.7±4.2 88.0±14.1 36.9±10.0 51.3±12.8 129.1±29.0
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Table 5. Observation-based estimates of basal melt rate (Rignot et al., 2013; Depoorter et al.,2013; Liu et al.,2015; Adusumilli et al., 2020)

and model mean basal melt rates for Wilkins, Bach, George VI, Stange, Ferrigno, Venable, and Abbot ice shelves in the Bellingshausen Sea.

Basal melt rate[Gt/yr] Wilkins Bach George VI Stange Ferrigno Venable Abbot

Rignot et al.,2013

(2003-2008)
18.4±17 10.4±1 89.0±17 28.0±6 5.1±2 19.4±2 51.8±19

Simulation

(2003-2008)
40.4±9.2 11.2±1.3 152.7±3.4 29.1±3.6 0.8±0.4 17.5±6.8 54.8±20.8

Depoorter et al.,2013

(2007-2009)
144±42 – 15±3 86±22

Simulation

(2007-2009)
34.6±8.0 10.9±1.6 148.0±3.5 24.9±4.0 0.7±0.4 14.0±7.2 63.5±15.8

Liu et al.,2015

(2005-2011)
44±19

15±3(North)

41±10(Sorth)
27±3 21±4 15±2 46±7

Simulation

(2005-2011)
36.6±9.5 11.1±1.5 151.6±4.5 26.6±4.9 0.8±0.4 17.4±7.5 61.0±19.7

Adusumilli et al.,2020

(1994-2018)
26.1±32.0 13.1±8.5 88.8±45.7 25.4±14.2 – 14.3±5.5 37.1±38.1

Simulation

(1994-2018)
39.5±8.8 11.6±1.6 158.4±7.9 29.3±3.9 0.7±0.4 15.0±7.3 49.4±15.4

Adusumilli et al.,2020

(2010-2018)
23.2±32.0 11.8±8.5 82.4±45.7 25.9±14.2 – 10.3±5.5 37.9±38.2

Simulation

(2010-2018)
39.4±10.0 12.0±1.6 161.0±7.1 29.8±4.5 0.8±0.4 15.7±6.8 50.1±11.3
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Table 6. 2018-2022 melt rate of Pine Island and Thwaites ice shelves using different ice-ocean heat and salt transfer coefficients. High-melt

(low-melt) experiment refers to transfer coefficients multiplied (divided) by 2 compared to the control (ctrl) experiment.

Low-melt exp. Ctrl exp. High-melt exp.

Pine Island (Gt y−1) 53 93 127

Thwaites (Gt y−1) 24 43 59
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