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Abstract Over the past five decades, the Ross Sea has freshened, but the mechanisms remain unclear. This
study uses oxygen isotopes to trace freshwater transport from the Amundsen Sea to the Ross Sea. Results show
that Winter Water (WW) in the Antarctic Slope Current (ASC) has lower δ18O values (<− 0.7‰) due to glacial
meltwater (GMW) inputs from the Amundsen Sea shelf. Modified Circumpolar Deep Water (mCDW) in the
Ross Sea, formed by mixing upwelled Upper Circumpolar Deep Water and ASCWW, has intermediate salinity
and δ18O values. High Salinity Shelf Water (HSSW) forms from mCDW during sea ice formation and is further
modified by mixing with GMW, resulting in distinctly low δ18O of <− 0.8‰. In 2020, HSSW δ18O averaged
0.25‰ lower than in 2000, suggesting freshwater from the Amundsen Sea and local ice shelf melting contribute
to the Ross Sea's freshening. This highlights the importance of understanding marginal sea interactions in
climate change.

Plain Language Summary Extensive evidence shows that the Ross Sea has been undergoing
continuous freshening over the past 50 years, yet the mechanisms behind this freshening remain unclear. This
study provides oxygen isotope evidence from both the Amundsen Sea and the Ross Sea, indicating that
freshwater input from the upstream Amundsen Sea significantly contributes to this freshening. The winter water
(WW) in the Amundsen Sea Antarctic Slope Current (ASC) has lower δ18O values, indicating its origin from the
continental shelf affected by glacial meltwater. The relationship between salinity and δ18O further suggests that
the modified Circumpolar Deep Water on the Ross Sea shelf is formed by the mixing of upwelled Upper
Circumpolar Deep Water and WW from the ASC. The recent increase in freshwater discharge from melting ice
shelves in the Amundsen Sea, transported through the ASC, contributes to the Ross Sea's freshening.
Additionally, the δ18O values indicate that local ice shelf melting plays an important role in the freshening of
High Salinity ShelfWater. This study offers a new perspective on the interactions among different marginal seas
of Antarctica in the context of climate change.

1. Introduction
The Antarctic Ice Sheet has the potential to raise global sea levels by 58 m if it were to melt completely (Fretwell
et al., 2013). Over the past two decades, mass loss from the Antarctic Ice Sheet has been accelerating, particularly
in West Antarctica (The IMBIE team, 2018). Significant mass loss from ice shelves in West Antarctica is pri-
marily due to basal melting, where warm modified Circumpolar Deep Water (mCDW) intrudes onto the conti-
nental shelves and reaches the bases of the ice shelves (Dutrieux et al., 2014; Nakayama et al., 2018; Pritchard
et al., 2012; Rignot et al., 2013). In the Amundsen Sea, glacial meltwater (GMW) from coastal ice shelves
promotes phytoplankton booms in coastal polynyas by providing bioavailable micronutrients, such as Fe, thereby
enhancing the efficiency of the biological carbon pump (Arrigo et al., 2012; Sherrell et al., 2015). Additionally,
the continuous release of GMWhas freshened seawater over the Amundsen Sea shelf (Hennig et al., 2024). Model
simulations suggest that freshwater from the Amundsen Sea spreads onto the Ross Sea shelf within 1 year,
facilitated by the Antarctic Slope Current (ASC) and the Antarctic Coastal Current (Nakayama et al., 2020).

The Ross Sea is a crucial region for the formation of Antarctic BottomWater (AABW), contributing 20%–40% of
AABW in the global ocean (Orsi et al., 2002; Schmidt et al., 2023). AABW (γn > 28.27 kg/m3) originating from
the Ross Sea is formed from a mixture of mCDW and Shelf Water (SW) (Orsi et al., 1999). SW in the Ross Sea is
primarily produced in coastal polynyas in Terra Nova Bay (TNB) and adjacent to the Ross Ice Shelf (RIS)
(Amblas & Dowdeswell, 2018). Persistent katabatic winds and strong sea ice formation generate cold, saline
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surface water, which sinks and aggregates to form new, dense SW (θ < − 1.85°C, S > 34.80) (Jacobs et al., 1970;
Orsi & Wiederwohl, 2009). Long‐term observations have shown a continuing decline in the salinity of High
Salinity Shelf Water (HSSW) from the 1950s to 2020 (Jacobs et al., 2022). This freshening is thought to be
associated with multiple processes, such as enhanced precipitation, weakened sea ice production, and melting of
theWest Antarctica Ice Sheet (Jacobs et al., 2002; Xie et al., 2025). Among these, freshwater released by theWest
Antarctica Ice Sheet is thought to play a dominant role in freshening the Ross Sea SW (Castagno et al., 2019;
Jacobs & Giulivi, 2010; Jacobs et al., 2022).

Seawater oxygen isotopes serve as reliable and sensitive tracers for freshwater inputs (Kim and Timmer-
mann, 2024; Weiss et al., 1979). These isotopes are typically used in combination with salinity (S) and mass
balance models to quantify freshwater proportions and sea ice formation intensities in the Southern Ocean (Jia
et al., 2022; Meredith et al., 2010; Qi et al., 2025). In the Amundsen Sea, GMW derived from basal melting of ice
shelves constitutes a major component of freshwater, as estimated by δ18O, dissolved oxygen, and physical
parameters (potential temperature θ, S) (Biddle et al., 2019; Chen et al., 2024; Randall‐Goodwin et al., 2015).
Measurements of δ18O and S for HSSW in the Ross Sea showed significantly reduced δ18O and S levels in 2000
compared to the previous century, indicating persistent freshening of Ross Sea SW (Jacobs et al., 2002). Influ-
enced by GMW from the upstream Amundsen and Bellingshausen Seas, the salinity of HSSW in the Ross Sea
declined by 0.17 from 1957 to 2020 (Castagno et al., 2019; Jacobs & Giulivi, 2010; Jacobs et al., 2022). Although
extensive spatiotemporal observations of physical oceanographic parameters exist for the Ross Sea (Castagno
et al., 2019; Orsi & Wiederwohl, 2009), studies involving δ18O are limited. As δ18O is a sensitive indicator for
freshwater inputs, investigations in the Ross Sea are crucial for monitoring the influence of the West Antarctic Ice
Sheet on the region.

In this study, we present δ18O values of seawater samples collected along a zonal transect at 75°S in the Ross Sea
and six meridional transects in the Amundsen Sea in January 2020 (Figure 1). Four of the six meridional transects
cross the continental slope allow us to verify the hypothesis that the ASC transports freshwater from the
Amundsen Sea to the Ross Sea shelf (Castagno et al., 2019; Guo et al., 2021; Jacobs & Giulivi, 2010; Nakayama
et al., 2020). We analyze δ18O and other physical parameters (θ, S) in the zonal transect in the Ross Sea to identify
water masses and investigate how the freshwater from the Amundsen Sea impacts the Ross Sea HSSW. Finally,
we illustrate the evolution of HSSW in terms of δ18O and S, indicating the persistent freshening of the Ross Sea
from 1977 to 2020.

Writing – original draft: Guanghui Chen
Writing – review & editing: Shunan Cao,
Jianfeng He, Min Chen

Figure 1. Map showing the sampling stations (red circles) for δ18O in this study. All transects are labeled. White areas denote
coastal ice shelves, with only the Ross Ice Shelf and Getz Ice Shelf specifically labeled. The yellow dashed line along the
coast represents the Antarctic Coastal Current. The thick and thin white lines represent the Antarctic Slope Current and the
Ross Gyre, respectively. The purple arrow indicates the path of UCDW intrusion onto the continental shelf through Jodies
Trough (Kohut et al., 2013). The black curve delineates the area of the Amundsen Sea Polynya in January 2020 (Chen
et al., 2024). The white arrow marks the location of Terra Nova Bay in the Ross Sea.
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2. Materials and Methods
2.1. Sampling and Measurements

Seawater samples for δ18O analysis were collected from Niskin bottles mounted onto a SeaBird 911plus
conductivity‐temperature‐depth (CTD) instrument aboard the R/V Xuelong in January 2020. Two‐milliliter glass
vials were rinsed three times with in situ seawater, then filled to overflow and sealed with silicone gaskets. The
sealed samples were stored at 4°C until analysis at Xiamen University.

The oxygen isotope ratios (18O:16O) of the seawater samples were analyzed using wavelength‐scanning cavity
ring‐down spectroscopy in a laser spectroscopy analyzer (Picarro L2140‐I, USA) (Chen et al., 2024; Hutchings &
Konecky, 2022; Li et al., 2017). Each sample was analyzed eight times, and to prevent contamination, only the
last five measurements were averaged to yield the final 18O:16O value. Oxygen isotopic compositions are
expressed in the delta‐notation (δ18O in per mil) relative to the Vienna Standard Mean Ocean Water:

δ18O (‰) = [
( 18O/16O)sample
( 18O/16O)VSMOW

− 1] × 1,000 (1)

To ensure measurement accuracy, three laboratory seawater references were included in the measurement
sequence of 20 samples. The seawater reference results were consistent within each measurement batch
(R2 > 0.99). Duplicate measurements indicate an analytical precision better than ±0.03‰.

2.2. Potential Temperature and Salinity

Seawater temperature and salinity were measured by the SeaBird 911plus CTD with precisions of ±0.001°C and
±0.0003 S/m, respectively. In this study, potential temperature (θ) was calculated using Gibbs function for
seawater thermodynamics (Feistel, 2008).

3. Results
3.1. Water Masses and δ18O in the Amundsen Sea

In Figures 2a and 2b, Upper Circumpolar Deep Water (UCDW) is identified by its elevated θ ranging from 0.5 to
2°C at depths of 200–1,500 m (Talley et al., 2011). Below the UCDW lies the Lower Circumpolar Deep Water,
characterized by slightly lower θ and higher density (28.18 kg/m3 < γn < 28.27 kg/m3) compared to UCDW (Orsi
et al., 1999; Talley et al., 2011). The densest AABW is found at γn greater than 28.27 kg/m3 (Orsi et al., 1999).
The cold waters above the UCDW are referred to winter water (WW), found at depths of ≥50 m with γn less than
27.80 kg/m3. WW extends down to 300 m along the density surface of γn = 27.80 kg/m3 at the continental slope
(Figures 2a and 2b and Figure S1 in Supporting Information S1). In comparison, offshore WW reaches a depth of
approximately 200 m.

The δ18O distribution, similar to θ, shows the highest values (− 0.4‰ to 0.1‰) in the deep waters and relatively
lower values in the WW (Figures 2c and 2d, Figure S2 and S3 in Supporting Information S1). In contrast to θ,
δ18O in WW is heterogeneous, with lower δ18O values at the continental slope and higher values in the northern
regions (Figures 2c and 2d and Figure S2 in Supporting Information S1).

3.2. Water Masses and δ18O in the Ross Sea

In the Ross Sea, the elevated θ and relatively low S in surface waters are caused by solar radiation
and sea ice melt (Figures 3a and 3b), consistent with the characteristics of Antarctic Surface Water (AASW)
(Chen et al., 2024). Beneath the AASW lies HSSW and mCDW, identified by their distinct hydrological prop-
erties. HSSW (γn > 28.27 kg/m3) has the highest salinity (S > 34.62) and the lowest θ (θ < − 1.85°C) (Orsi &
Wiederwohl, 2009), occupying the majority of the water column in TNB (Figures 3a and 3b). The presence of
HSSW aligns with previous studies indicating that TNB is a significant region for HSSW formation (Castagno
et al., 2019; Jacobs et al., 1985). The mCDW, characterized by relatively higher θ and lower S compared to
HSSW, is mainly observed in the water column between γn = 27.8 and 28.27 kg/m3 east of 173°E (Budillon
et al., 2011; Orsi &Wiederwohl, 2009). Stations with mCDW signals are near Jodies Trough, an important CDW
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intrusion path in the Ross Sea (Figure 1) (Kohut et al., 2013; Smith et al., 2014). The modified Shelf Water
(MSW), defined by (γn > 28.27 kg/m3 and θ > − 1.85°C), is found at the bottom layer west of 175°E (Figure 3a).

The subsurface distribution of δ18O resembles that of θ. δ18O values in HSSW are typically lower than those in
mCDW. For AASW, the δ18O values at stations in TNB are lower than those at stations to the east (Figure 3c).

4. Discussion
4.1. Freshwater Transported From the Amundsen Sea to the Ross Sea via ASC

The ASC is prevalent at the shelf break around Antarctica, playing a crucial role in the stability of Antarctic ice
sheets (Thompson et al., 2018). In East Antarctica, the strong ASC effectively blocks CDW from intruding onto
the continental shelf (Nakayama et al., 2021). Conversely, inWest Antarctica, especially in the Eastern Amundsen
and Bellingshausen Seas, the weak ASC allows CDW to easily intrude onto the shelf and enter ice shelf basal
cavities (Dutrieux et al., 2014; Nakayama et al., 2018). The strong ASC is characterized by the deepened iso-
pycnals at Antarctic slope (Thompson et al., 2018). Deepened isopycnals were observed at the shelf break along
transects A3, RA1, RA2, and RA3 (Figure 2 and Figure S2 in Supporting Information S1), indicating a strongASC
from 120°E to 150°E. To confirm this inference, we extracted water current velocities and directions from the
Hybrid Coordinate Model (HYCOM), a high‐resolution (1/12°) eddy‐resolving, data‐assimilative ocean circu-
lation model (https://www.hycom.org/). Model outputs showed a strong westward current (exceeding 0.1 m/s)
along the shelf break from 130°E to 160°E (Figure S4 in Supporting Information S1). Combined with our ob-
servations, we infer a strong ASC flowing from the Amundsen Sea to the Ross Sea. The ASC was relatively weak

Figure 2. Meridional distribution of θ (a, b) and δ18O (c, d) at 120°W (transect A3) and 150°W (transect RA1) in the
Amundsen Sea. White dots indicate the sampling depths at each station. White lines represent neutral density surfaces of
γn = 27.8, 28.18, and 28.27 kg/m3.
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in the eastern Amundsen Sea (Figure S4 in Supporting Information S1), where CDW typically upwells onto the
shelf (Biddle et al., 2019; Chen et al., 2024). In contrast, CDW signals were absent on the shelf in the eastern
Amundsen Sea (Figures S1 and S2 in Supporting Information S1), due to the ASC acting as a barrier to CDW
intrusion (Nakayama et al., 2021; Thompson et al., 2018).

The ASC is believed to play a key role in transporting freshwater from the upstream Amundsen and Belling-
shausen Seas to the Ross Sea, and even to East Antarctica (Guo et al., 2021; Jacobs & Giulivi, 2010; Nakayama
et al., 2020). Our δ18O observations support this hypothesis. The δ18O values in theWWof ASC (defined as depth
≥50 m and γn < 27.8 kg/m3) were comparable to those in theWW of the Amundsen Sea Polynya (ASP) (Figure 4;
Chen et al., 2024), implying that the WW of ASC originated from the Amundsen Sea shelf. Additionally,
northward GMW outflows in the Amundsen Sea shelf were observed at depths of <400 m (Biddle et al., 2019;
Chen et al., 2024). This depth range was consistent with the WW of ASC, which exhibited low δ18O values
(<− 0.7‰). In contrast, elevated δ18O in the WW layer north of the ASC was due to the influence of upwelling
CDW with high δ18O (Figures 2c and 2d, Figures S2 and S3 in Supporting Information S1).

Figure 3. Zonal distribution of θ (a), S (b), and δ18O (c) at 75°S (transect R1) in the Ross Sea. The white dots indicate the
sampling depths for each station. The white lines represent the neutral density surfaces of γn = 27.8, 28.18, and 28.27 kg/m3.
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4.2. Impacts of ASC WW and GMW on HSSW in the Ross Sea

In the Southern Ocean, S and δ18O are reliable proxies for water mass mixing
(Helly et al., 2015; Hennig et al., 2024; Jia et al., 2022; Weiss et al., 1979). In
Figure 4, S and δ18O exhibit a linear relationship (R2 = 0.86) in UCDW,
mCDW, and ASC WW, implying that mCDW in the Ross Sea is formed
through the mixing of UCDW and ASC WW. Despite the strong ASC at the
shelf break, abnormally high θ of mCDW has been observed on the shelf in
Prydz Bay, East Antarctica (Guo et al., 2019; Williams et al., 2016). Simi-
larly, UCDW can flow across the shelf break into the inner shelf through deep
troughs in the Ross Sea (e.g., Jodies Trough at 170− 175°E in Figure 3; Kohut
et al., 2013). The mCDW signals between 172 and 180°E are consistent with
previous studies (Kohut et al., 2013). Therefore, we propose that the
southward‐flowing UCDW encounters the westward ASC during its intru-
sion, producing the mCDW observed at 75°S in the Ross Sea (Figure 3a).

HSSW in Antarctica is primarily produced through intense sea ice formation
in polynyas during the austral winter (Jacobs et al., 1985; Williams
et al., 2016; Yoon et al., 2020). Sea ice formation simultaneously alters the
salinity and δ18O of seawater. The release of brine raises the salinity of
surface seawater, thereby enhancing vertical mixing. Additionally, isotopi-
cally heavy oxygen is preferentially incorporated into sea ice during forma-
tion, causing a relative enrichment of lighter oxygen isotopes in the surface
seawater (Kim and Timmermann, 2024; Melling & Moore, 1995). Conse-
quently, the precursor of HSSW is characterized by lower salinity and higher
δ18O compared to HSSW. Such surface seawater in TNB is likely sourced
from mCDW during the austral winter. The first piece of evidence is the
consistent characteristics of S and δ18O between mCDW and the precursor of
HSSW (Figure 4). The second piece of evidence is the presence of the mCDW
signal at depths of 50 and 75 m at 170°E in transect R1, identified by elevated
δ18O and corresponding densities (Figure 3). In Prydz Bay, Guo et al. (2019)

also reported mCDW upwelling to depth of 50 m. Based on these observations, we suggest that mCDW with
relatively low S and high δ18O upwells to the mixing layer in TNB, where it is transformed into newly formed
HSSW through sea ice formation during the austral winter. To model this process, an equilibrium fractionation
curve of seawater oxygen isotopes during sea ice formation was plotted in Figure 4. The slope of the fractionation
line is associated with the fractionation factor (α) of seawater oxygen isotopes during seawater freezing (Jacobs
et al., 1985; Weiss et al., 1979). Jacobs et al. (1985) used a slope of − 0.08‰ for the fractionation line, based on an
α value of 1.00270 determined by Craig and Hom (1968). Following Jacobs et al. (1985), we plotted the frac-
tionation line with a slope of − 0.08‰ passing through the mean δ18O‐S point of mCDW (Figure 4). The intercept
at the δ18O axis is 2.2‰, consistent with δ18O measurements of 2.1‰ for sea ice in Antarctica (Randall‐Goodwin
et al., 2015). However, only HSSW with relatively high δ18O (>− 0.8‰) is well interpreted by the process of sea
ice formation, suggesting that other processes may lower δ18O of HSSW in TNB (Figure 4).

In the Weddell Sea and Prydz Bay, where SW is produced, S and δ18O of SW decline due to mixing with GMW
(Jia et al., 2022; Weiss et al., 1979). Similarly, in the Ross Sea, the salinity and δ18O of HSSW adjacent to ice
shelves are somewhat lower due to the injection of glacial meltwater, compared to those farther from ice shelves
(Jacobs et al., 1985). Several studies have observed significant basal melting of the Nansen Ice Shelf and Dry-
galski Ice Tongue in TNB (Depoorter et al., 2013; Liu et al., 2015; Rignot et al., 2013). Kim et al. (2023) proposed
that newly formed HSSW in the austral winter intrudes into the cavity beneath the Nansen Ice Shelf, promoting
basal melt. Consequently, local GMW input has the potential to modify HSSW properties through water mass
mixing in the TNB. Besides local GMW,HSSW in the TNBmay also be influenced by GMW from the Amundsen
Sea and the area in front of the RIS, transported to the TNB by the Antarctic Coastal Current (Figure 1). To
evaluate the impact of GMW on HSSW properties, we assign values of 0‰ and − 32‰ for S and δ18O,
respectively, as endmembers for GMW, following Kim and Timmermann (2024). The observed HSSW with
δ18O < − 0.8‰ resulted from the mixing of fresh HSSW with GMW (Figure 4).

Figure 4. The relationship between S and δ18O in Upper Circumpolar Deep
Water (UCDW), Modified Circumpolar DeepWater (mCDW) and Antarctic
Slope Current (ASC) winter water (WW). Squares represent the average
values of reported High Salinity Shelf Water (HSSW) from other studies,
with one standard deviation (±1 SD). The dashed line indicates the linear
regression of S and δ18O in UCDW, mCDW, and ASC WW, with the
mathematic expression shown. The orange line indicates seawater oxygen
isotope fractionation during sea ice freezing (F). The light blue line
represents the mixing between fresh HSSW and glacial melt water with
S= 0 and δ18O= − 32‰ (Kim and Timmermann, 2024). Note that the S and
δ18O ranges of fresh HSSW are not precise.
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In addition to sea ice formation and GMW discharge, precipitation is generally considered an important factor
affecting the S and δ18O of seawater in Antarctica (Meredith et al., 2010). However, a recent study suggests that
the influence of net precipitation (precipitation minus evaporation) on mixed layer S and δ18O is negligible
compared to Antarctic ice sheet loss and sea ice formation/melting in the Ross Sea, due to the relatively lower
amount of precipitation with higher δ18O of − 18‰ compared to GMW (Kim and Timmermann, 2024).
Consequently, the influence of precipitation on the S and δ18O of HSSW is not considered in this study.

Overall, S and δ18O of HSSW in the TNB are primarily influenced by two processes: sea ice formation and GMW
inputs. During the austral winter, fresh HSSW is formed from mCDW through intense sea ice formation, which
leads to brine release and a slight enrichment of isotopically light oxygen isotopes in the fresh HSSW. Once
formed, the fresh HSSW directly mixes with GMW transported by the Antarctic Coastal Current and/or circulates
into the ice shelf cavities, where it mixes with local GMW beneath the ice shelves. This mixing with GMW leads
to declines in both S and δ18O of the fresh HSSW (Figure 4).

4.3. Variations in δ18O of HSSW in the Last Forty Years

HSSW in the Ross Sea has experienced freshening over the past ∼40 years (Figure 4). The most significant
decline in S occurred in the 1990s, with a rate of 0.007 per year. The δ18O of HSSW also decreased from
− 0.36 ± 0.06‰ to − 0.51 ± 0.02‰, at a rate of 0.015‰ per year (Dini & Stenni, 2000; Jacobs et al., 2002).
However, from 2000 to 2020, the salinity of HSSW only decreased by an average of 0.001, due to a rebound in
HSSW salinity in the Ross Sea starting in 2014 (Castagno et al., 2019; Jacobs et al., 2022). Castagno et al. (2019)
suggested that the shift to saltier HSSW could be attributed to enhanced sea ice formation and a reduction in
freshwater input. The mass loss of the West Antarctic Ice Sheet has indeed remained low since 2012 (Jenkins
et al., 2018), which would result in reduced freshwater discharge into the Ross Sea. However, during the period
from 2000 to 2020, the δ18O of HSSW continued to drop, averaging a decline of 0.25‰. The sharp decline in
δ18O is largely attributed to the impact of GMW (Figure 4).

Overall, both the salinity and δ18O of HSSW in the Ross Sea have decreased over the last approximately 40 years.
These variations in S and δ18O were largely controlled by freshwater input from the Amundsen Sea, sea ice
formation, and local GMW discharge. Under the influence of global warming, the ice shelves around the
Amundsen Sea and the Ross Sea continue to melt at an accelerating rate (The IMBIE team, 2018). Sea ice
coverage reached its lowest level in 2023 since 1980 and is predicted to continue decreasing (Purich & Dod-
dridge, 2023; https://earthobservatory.nasa.gov/world‐of‐change/sea‐ice‐antarctic). Increased GMW discharge
will contribute to the reduction of S and δ18O of HSSW.Weakened sea ice formation will similarly affect the S of
HSSW but will have a minor impact on δ18O of HSSW (Kim and Timmermann, 2024; Zhang et al., 2024).
Consequently, HSSW freshening will continue. Long‐term observations of δ18O in the changing Ross Sea are
required to investigate the influences of GMW discharge in the Amundsen and Ross Seas on HSSW freshening.

Although precipitation is not considered a factor in the decline of δ18O in HSSW, climate change‐induced in-
creases in precipitation and more intense precipitation events will decrease the δ18O of precipitation (Weisser
et al., 2024), potentially lowering the δ18O of HSSW in the Ross Sea. Conversely, a latitudinal effect will result in
more positive δ18O values for precipitation at higher latitudes due to the poleward shift of precipitation.
Therefore, the impact of precipitation on HSSW δ18O remains uncertain in the context of global warming.

The Ross Sea shelf contributes 20%− 40% of the AABW in the global ocean (Meredith, 2013; Oris et al., 2002).
The precursor of AABW, MSW, is formed by the mixing of HSSW and mCDW in the Ross Sea (Orsi &
Wiederwohl, 2009). Previous studies have observed that AABW is becoming fresher and less dense, attributing
this continuous freshening to the increasing melt of Antarctic coastal ice shelves (Menezes et al., 2017;
Rintoul, 2007; Williams et al., 2016; Xie et al., 2025). With persistent and increasing freshwater inputs from the
upstream Amundsen Sea and local ice shelves, mCDW and HSSW in the Ross Sea tend to become fresher,
thereby contributing to the further freshening of AABW.

5. Conclusions
The persistent freshening in the Ross Sea since the 1960s is closely linked to the rapid mass loss of West
Antarctica Ice Sheet. Freshwater discharged by the Amundsen Sea coastal ice shelves is entrained by the ASC and
flows westward to the Ross Sea. In this study, we utilized oxygen isotopes in seawater to trace the transport path
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of the ASC. The δ18O values in the WW of ASC were consistent with those in the ASP during the same year,
indicating that the origin of ASC WW is the Amundsen Sea shelf. The linear relationship between S and δ18O
suggests that the WW of ASC mixed with upwelled UCDW to form mCDW on the Ross Sea shelf. During the
austral winter, when sea ice production in the TNB polynya was significant, HSSW was formed from upwelled
mCDW at the surface and modified by mixing with glacial meltwater in the TNB. The variability in δ18O of
HSSW aligns with S, suggesting continuous freshening on the Ross Sea shelf over the past approximately
40 years. As a reliable and sensitive tracer for freshwater inputs, monitoring δ18O variations in the Ross Sea can
provide insights into the region's responses to global warming.
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