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Abstract In recent decades, the Southern Hemisphere westerly winds have strengthened and migrated
south, attributed to greenhouse gas emissions and stratospheric ozone depletion. However, the onset and
acceleration of these drivers is coincident with the start of the instrumental record, thus, hindering our ability to
determine the significance of the recent trends. Here, we present a novel wind reconstruction based on marine
diatoms preserved in an Antarctic Peninsula ice core, providing a unique record to reconstruct westerly winds
across the Pacific sector of the Southern Ocean (SO). The annually resolved record provides clear evidence that
a southward migration of the Pacific sector westerly wind belt occurred in the 1960s, coupled with a prolonged
strengthening trend. The poleward shift and acceleration of the westerly winds across this SO sector is
unprecedented in the context of the past 140 years and coincident with the anthropogenically induced increase in
greenhouse gases and ozone depletion.

Plain Language Summary The Southern Hemisphere Westerly winds are a key component of the
Earth's climate system, driving ocean circulation and changes in the Antarctic ice sheet that directly impact
global sea levels. In recent years, these winds have become stronger and moved south, likely due to greenhouse
gas emissions and ozone depletion. In this study we reconstructed past westerly wind variability in the Pacific
sector of the Southern Ocean using Antarctic ice core samples and found that the southward shift began in the
1960s, accompanied by a long-term strengthening of the winds. This change is unprecedented over the last
140 years and likely related to human activities.

1. Introduction

The Southern Hemisphere Westerly Winds (SHWW) play a crucial role in the global climate system by
modulating the upwelling of carbon-rich, and relatively warm, deep water in the Southern Ocean (SO) (Dutrieux
etal., 2014; Gille, 2014; Gruber et al., 2019; Landschiitzer et al., 2015; Le Quéré et al., 2018; Thoma et al., 2008).
Variations in the SHWW are represented by the Southern Annular Mode (SAM) (Marshall, 2003), which has
exhibited a positive trend since observations began, characterized by the strengthening and southward migration
of the SHWW belt (Fogt & Marshall, 2020; Marshall, 2003). The shift to more southerly and stronger SHWW is
considered among the main drivers of observed environmental changes in the Antarctic Peninsula (AP) and West
Antarctica. These include: (a) reduced sea ice cover in the Bellingshausen Sea sector (Parkinson, 2019); (b) higher
snow accumulation (Thomas et al., 2008; Van Wessem et al., 2016); (c¢) widespread warming (Steig et al., 2009;
Turner et al., 2020); and (d) accelerated melting of ice shelves and tidewater glaciers along the coastline of the
Amundsen-Bellingshausen Seas (Pritchard et al., 2012), most of them ultimately contributing to global mean sea-
level rise (Shepherd et al., 2012; Vaughan, 2006).

It is widely believed these changes in SHWW have occurred in response to the increased greenhouse gas (GHG)
concentrations in the troposphere and stratospheric ozone depletion (Arblaster & Meehl, 2006; Franzke
et al,, 2015; Thompson et al., 2011; D. W. J. Thompson and Solomon, 2002). However, the onset of
ozone depletion and the acceleration of GHG warming coincide with the time when multiple permanent mete-
orological stations at 40° and 65°S began measuring atmospheric parameters (hereafter instrumental period
(1958 CE-present)) (Marshall, 2003). Therefore, our understanding of the long-term shifts and influence of the
SHWW belt is limited by the short and sparse observational records. Numerous paleoclimate archives (e.g.,
marine sediments, lake sediments, peat-bogs, speleothems, ice cores) throughout the Southern Hemisphere have
been utilized to reconstruct past SHWW, but many are limited by their reliance on precipitation or temperature
proxies to infer SHWW changes (Browne et al., 2017; Hinojosa et al., 2017; Koffman et al., 2014; Laluraj
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Figure 1. Maps showing the location of the Jurassic ice core (JUR; yellow star) and other records included in this study (red
and orange colored symbols). (a) The JUR site in relation to the Southern Hemisphere Westerly Winds belt. Arrows in

(a) represent the direction of sea surface-level winds (10 m). Colors in (a) represent the annual sea surface-level (10 m) wind
speed from ERAS between 1979 and 2012. (b) The JUR site in relation to oceanographic zones around Antarctica. Gray
shaded area in (b) represents the source region of the Antarctic marine taxa group. WS = Weddell Sea, BS = Bellingshausen
Sea, AS = Amundsen Sea, RS = Ross Sea, PSIE = Perennial Sea Ice Edge, SSIE = Seasonal Sea Ice Edge, APF = Antarctic
Polar Front, SAF = Sub-Antarctic Front, MNI = Marion Island, MQI = Macquarie Island, WDV = WAIS Divide (Koffman
etal.,2014), JRI = James Ross Island (McConnell et al., 2007). ITASE = International Trans-Antarctic Scientific Expedition
(Dixon et al., 2012). IND-25/B5 = ice core (Laluraj et al., 2020). HAL = Halley Research Station.

et al., 2020; McConnell et al., 2007; Moreno et al., 2014; Moy et al., 2008; Schimpf et al., 2011; Waldmann
et al., 2010; Xia et al., 2018), or coarse temporal resolution (Browne et al., 2017; Moy et al., 2008; Waldmann
et al., 2010). While some recent studies have made considerable improvements to the resolution and employed
novel wind proxies (Perren et al., 2020; Saunders et al., 2018), all are based on the interaction of winds with fixed
locations. Thus, we cannot unequivocally differentiate between past wind strength and migration of the wind belt.
This limitation has prevented us from establishing whether the core of the westerly wind belt was already
migrating and/or strengthening by the time GHGs changed and ozone depletion occurred. Not knowing the timing
of SHWW changes limits our understanding of the causes of westerly wind variations and the roles they play in
driving recent environmental changes in Antarctica. The diatom records preserved in ice cores have the potential
to resolve the timing of SHWW migration and strengthening.

Diatoms, microscopic unicellular algae, inhabit aquatic environments worldwide (Smol and Stoermer, 2010).
Diatoms can be lifted from the sea-surface microlayer into the atmosphere by wind-induced bubble-bursting and
wave-breaking processes (Cipriano & Blanchard, 1981; Farmer et al., 1993), transported by winds over long
distances (Elster et al., 2007; Harper & McKay, 2010), and deposited over the Antarctic ice sheet (Budgeon
et al., 2012) where they can get buried by subsequent snowfall events. Recently, the diatom content of ice cores
from high-elevation inland sites in the southern AP has been shown to record key information about the variability
of SHWW, with no evident biases caused by preferential deposition, seasonality or sea ice dynamics (Allen
etal., 2020; D. R. Tetzner, Thomas, et al., 2022; D. R. Tetzner, Allen, & Thomas, 2022). This new proxy has been
tested at multiple sites in the region, providing a robust proxy for wind conditions in the Pacific sector of the
SHWW belt during the satellite-era (1979 CE-present) (Allen et al., 2020; D. R. Tetzner, Thomas, et al., 2022).
Here we present the first detailed study of an extended annually-resolved diatom record, spanning the past
140 years from the Jurassic ice core in the southern AP (Figure 1). We analyze the variability in the annual diatom
assemblage and abundance to reconstruct latitudinal shifts and changes in wind strength in the Pacific core of the
SHWW belt (hereafter Pacific SHWW).
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2. Methods
2.1. Ice Core Drilling Site and Age Scale

The Jurassic ice core (JUR) was drilled in the austral summer 2012/2013 CE to a depth of 140 m using the British
Antarctic Survey (BAS) electromechanical, 104 mm diameter drill. The JUR site is located on an ice plateau in the
south-western side of the AP (74.33°S, 73.06°W, 1,139 m a.s.l.), 40 km northwest of a local ice divide, 140 km
(>1,000 km) south of the austral summer (winter) sea ice edge (Figure 1b). The absence of topographic barriers
between the JUR site and the coastline directly exposes the JUR site to airmasses transported from the Amundsen-
Bellingshausen Seas. An ice chronology was established for this core based on the annual cycles of hydrogen
peroxide (H,0,) and the non-sea salt component of sulfate (nssSO,>7). The ice chronology was corroborated
using major enhancements in the nssSO,>~ signal caused by two large volcanic eruptions, Krakatoa (1883 CE)
and Pinatubo (1991 CE) (Cole-Dai et al., 1997; Emanuelsson et al., 2022). The estimated dating error was
<=7 months for each year and with no accumulated error.

2.2. Sample Preparation and Analyses

Ice core samples were cut using a band-saw with a steel blade. Discrete samples were cut from the inner part of the
ice core at annual resolution for diatom analyses (~6 cm? basal area and to the depth equivalent of each year). Ice
samples for diatoms analyses were melted and then meltwater was filtered through polycarbonate membrane filters
(pore diameter 1.0 pm). Filters were subsequently scanned in a Scanning Electron Microscope (SEM), following
the method and constraints presented in D. Tetzner et al. (2021), D. R. Tetzner, Allen, Thomas, et al. (2025).

Diatom identification and ecological associations were based on published SO databases and references therein
(Armand et al., 2005; Cefarelli et al., 2010; Hasle & Syvertsen, 1997; Zielinski & Gersonde, 1997). Observations
of diatom preservation were based on the visual recognition of characteristic frustule dissolution and degradation
features (Warnock & Scherer, 2015). Diatom frustules and fragments with a long axis less than 5 pm were
excluded from counting and identification. Diatom counts per sample integrated all diatom valves, partially
obscured diatom valves, and fragments with diatom ornamentation identified in each sample. Diatoms were first
identified to species level where possible. Diatoms that were impossible to identify unequivocally due to image
resolution were combined in genera/morphological groups. Among the reasons preventing the classification of
diatoms were the occurrence of valves partly obscured by insoluble particles lying on top, fragments with
undiagnostic features, and poorly ornamented or indistinctive fragments. The unclassified diatoms were omitted
from assemblage composition and ecological associations but were included in the total diatom counts. The
diatom record is presented as counts per sample (n), with each sample representing a year. The diatom abundance
parameter includes all diatoms and diatom remains identified on each sample, regardless of their potential source.

The main diatom assemblage composition was established from the identified species and groups with abun-
dances higher than 2.0% of the whole assemblage. Ecological associations were determined for the most abundant
species/groups. Based on ecological associations, diatoms were classified into two groups differentiated by their
Antarctic endemism (Armand et al., 2005; Cefarelli et al., 2010; Hasle & Syvertsen, 1997; Zielinski &
Gersonde, 1997).

2.3. Statistical Treatment and Analyses

The JUR diatom abundance record presented a log-normal distribution; therefore, data treatment and calculations
were performed using log-normal statistics. Once in the log-domain, the median and standard deviation were
calculated and used to define an outlier threshold. All values exceeding the average by two times the standard
deviation were considered outliers and not included for further calculations.

Changepoint analyses were performed on the JUR annual diatom abundance time series to identify the time when
the root-mean-square level of the power spectral density signal presented the most significant change.
Changepoint calculations were conducted using a 10-year window with nine overlapping data points (Killick
et al., 2012). Changepoint calculations were conducted using the “findchangepts” function in Matlab software
(MathWorks Inc, 2020).

Trends in the JUR diatom abundance record were identified using the empirical mode decomposition approach
(Franzke, 2009; Huang et al., 1998; Huang & Wu, 2008). EMD is an algorithm which decomposes a time series
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into a finite number of intrinsic mode functions and a nonlinear trend component. The statistical significance of
the nonlinear trend is estimated using the Monte Carlo approach (Franzke, 2009).

2.4. Climate Analyses

Monthly reanalysis fields from the fifth generation of the European Center for Medium-Range Weather Forecasts
(ECMWF), ERAS (Hersbach & Dee, 2016), were used to obtain spatial correlations between the JUR diatom
abundance and annual means of atmospheric circulation parameters (Mean sea level pressure, 10 m wind speed).
Spatial correlations were calculated over the satellite-era.

The Amundsen Sea Low (ASL) Actual Central Pressure Index (Hosking et al., 2013), which defines the atmo-
spheric pressure at the ASL location, was used to calculate the correlation between the annual mean ASL strength
and the JUR diatom abundance over the satellite-era.

3. Results
3.1. Environmental Correlations (1979-2012 CE)

Spatial correlation analyses revealed wide regions of statistically significant correlations (—0.3 < R or R > 0.3,
p < 0.1) between the JUR diatom abundance record and atmospheric parameters (mean sea level pressure and
wind speed) during the satellite-era. The JUR diatom abundance record is positively correlated with the mean
annual wind speed in the Pacific SHWW, centered at the northern limit of the Ross-Amundsen Seas (~120°W—
150°E, ~50-60°S) (R < 0.56, p < 0.01) (Figure 2a). The JUR diatom abundance record is negatively correlated
with the Mean Sea Level Pressure across the Ross-Amundsen-Bellingshausen Seas (—0.4 <R, p < 0.1). A weak
but not statistically significant correlation (p > 0.1) was observed between the JUR diatom abundance record and
the ASL Pressure Center (R = —0.26).

3.2. The JUR Diatom Record (1873-2012 CE)

A total of 4,530 diatom valves and fragments were found in the JUR between 1873 and 2012 CE. Diatoms were
well-preserved down-core, with no evidence of dissolution in their structures and delicate ornamentation still
present. Diatom colonies (linked chains of individual diatoms) were found along the whole core (deepest recovery
of colony from the 1879 CE layer). No clear trend or transition was identified in the proportion of fragments
relative to whole diatom frustules down-core.

The total annual diatom abundance presented a mean value of 30.2 + 17.3 diatoms (139.8 diatoms LY
(Figure 2b). The total annual diatom abundance exhibited a statistically significant (p < 0.05) nonlinear positive
trend over the whole record. Changepoint analyses revealed the total annual diatom abundance time series
exhibited two periods: (I) comparatively lower diatom abundance and variability (27.5 = 14.4 diatoms) between
1873 and 1964 CE; and (II) comparatively higher diatom abundance and variability (35.8 + 21.3 diatoms) after

1965 CE. Period (II) exhibits a statistically significant (p < 0.01) linear positive trend of 1 diatom yr™".

Of the total diatoms counted, 2,319 were identified to genus level or higher. Diatom ecological associations can be
used to split the assemblage into an Antarctic Marine Taxa Group (AMTG; 27.46% of the main diatom
assemblage) and a Combined Taxa Group (CTG; 72.54% of the main diatom assemblage) (Table S1 in Supporting
Information S1). The AMTG includes diatom species that are endemic and regular components of the SO's
permanently open ocean or seasonal sea-ice zones (Figure S1 in Supporting Information S1). The CTG is
comprised of diatoms with broad ecological affinities across marine, freshwater, and brackish environments. CTG
diatoms have been found north of the polar front but are not recognized as regular components of Antarctic marine
surface waters (Olguin & Alder, 2011; Olguin-Salinas et al., 2015; Pike et al., 2008). There is no evidence of CTG
in-situ growth or any local populations.

AMTG and CTG diatom abundance time series exhibited contrasting features that broadly align with the total
diatom abundance periods I and II. Changepoint analyses revealed major transitions during the 1960s, switching
from higher (lower) relative abundance and variability of CTG (AMTG) between 1873 and 1964 (1873-1968),
followed by a comparatively lower (higher) relative abundance and variability of CTG (AMTG) after 1965 (1969)
(Figure 2c). During Period I, the AMTG represents 3.2% of the main diatom assemblage, while during the positive
phase, it represents 62.1% (Period II) (Figure 2c).
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Figure 2. The Jurassic ice core diatom record (1873-2012 CE). (a) Regional map showing spatial correlations between the
JUR annual diatom abundance record and ERAS annual mean wind speed over the satellite-era. (b) Diatom abundance time
series (black) overlayed by statistically significant (p < 0.05) non-linear trend (blue, see Section 2.3 for calculation),
statistically significant (p < 0.01) linear trend during Period II (black dashed line) and 11-year moving average (red). The
asterisk symbols in (b) denote the position and magnitude of outlier values removed from the data set. (c) Timeseries of
Antarctic marine taxa group (AMTG) (blue line) and CTG (red line) relative contributions to the total annual diatom
abundance record. Total annual diatom abundance percentage in (c) represents the contribution from unclassified diatoms
(See Section 2.2; not shown in figure), AMTG and CTG. Pie charts in (c) represent the main diatom assemblage composition
of the Jurassic ice core during Period I and Period II. Percentages reported in the pie charts were normalized to the main
groups identified. Gray bar in (c) indicates the 1960s transition identified in the Jurassic ice core diatom record.

(d) Schematic representing the inferred strengthening of the Pacific Southern Hemisphere Westerly Winds (SHWW) belt and
its arrival to the Antarctic Surface Waters during Period II. Yellow shaded area in (d) represents the Pacific SHWW belt.
APF = Antarctic Polar Front.

4. Discussion
4.1. Robust and Regional Wind Proxy

Diatom assemblage composition uniquely identifies the source region of diatoms preserved in ice core records
(Allen et al., 2020; D. R. Tetzner, Allen, & Thomas, 2022; D. R. Tetzner, Thomas, et al., 2022). Diatom species in
the AMTG are exclusively sourced from the pelagic SO (D. R. Tetzner, Allen, & Thomas, 2022). Whilst we
acknowledge potential minor contributions from exposed diatom-bearing sediments (Barrett, 2013; McKay
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et al., 2008), the recovery of pristine fresh-looking diatoms from both groups, some still in colonies, suggests
rapid transfer from modern water sources. Complementary previous airmass trajectory analyses (Figure S2 in
Supporting Information S1) confirm the dominance of pathways across the Pacific sector of the SO to ice core
sites in the AP (Allen et al., 2020; Thomas and Bracegirdle, 2009, 2015), supporting aeolian transport over the
ocean (not landmasses) as the primary mechanism to rapidly transfer diatoms to the ice core site. Airmass tra-
jectory findings are further complemented by previous Antarctic moisture source simulations which suggest
moisture (and likely aerosols) reaching the JUR site is originated from the Pacific sector of the SO, in particular
the open ocean region, south of 46°S and between 120 and 150°W (Gao et al., 2024). Furthermore, the strong
spatial correlation between the diatom abundance and atmospheric circulation parameters draws a clear pathway
for Pacific SHWW air parcels to be transported to the southern AP, supporting the effective southward transport
of diatoms (Figure 2a). Thus, the Pacific sector of the SO is identified as the primary source of AMTG diatoms.
This diatom diversity is a robust regional feature, identified in multiple ice cores across the Southern AP,
exhibiting assemblages that are independent of local conditions (Allen et al., 2020; D. R. Tetzner, Allen, &
Thomas, 2022). The representativity of the diatom abundance and diversity is supported by the presence of well-
preserved AMTG diatom colonies and the constant proportion of fragments down-core, ruling out the possibility
of progressive degradation biasing the magnitude of the diatom abundance.

4.2. Increasing Strength of SHWW Since the 1960s

The total annual diatom abundance is directly linked to changes in wind strength across the Pacific SHWW
(Figure 2a), therefore, past changes in JUR diatom abundance can be used to reconstruct changes in wind strength
over the Pacific SHWW. Prior to the 1960s (Period I), the Pacific SHWW were comparatively weaker than after
the 1960s (Period II) (Figure 2b). The marked change in total diatom abundance from the 1960s onwards is
interpreted as the onset of the recent intensification of SHWW in the Pacific sector. This transition is unprece-
dented over the last 140 years. The intensification of winds in the Pacific SHWW since the 1960s is consistent
with the intensification of the Southern Hemisphere polar jet stream during the satellite-era (Goyal et al., 2021;
Korhonen et al., 2010; Mayewski et al., 2013; Turner & Marshall, 2011; Young & Ribal, 2019) and direct ob-
servations of surface wind strengthening on Macquarie Island, at the westernmost end of the Pacific SHWW,
since the mid-1960s (Adams, 2009; Saunders et al., 2018) (Figure 3c).

4.3. Southward Migration of the Pacific SHWW Since the 1960s

The enhanced relative abundance of AMTG during Period II (Figure 2¢) indicates a strong interaction between the
Pacific SHWW and the SO, with winds actively entraining diatoms from Antarctic Surface Waters. Conversely,
the reduced relative abundance of AMTG during Period I indicates that the Pacific SHWW were not strongly
interacting with Antarctic Surface Waters. Although we cannot ascribe a specific source region for the CTG, the
divergence in the abundance patterns of the AMTG and CTG between periods I and II ratify that CTG diatoms
were/are not sourced from Antarctic Surface Waters. Thus, we interpret the AMTG and CTG transitions during
the 1960's as evidence for the poleward migration of the Pacific SHWW over Antarctic Surface Waters
(Figure 2d). This poleward contraction is observed in the satellite record from 1979 onwards (Goyal et al., 2021;
Korhonen et al., 2010; Mayewski et al., 2013; Turner & Marshall, 2011), and consistent with longer SAM re-
constructions indicative of stable, weaker winds and a more equatorward position of the Pacific SHWW during
the 19th century and the first half of the 20th century (Abram et al., 2014) (Figure 3b). However, our record
uniquely identifies that the Pacific SHWW reached the SO as early as the 1960s, the first time this shift has
occurred persistently in the past 140 years.

4.4. Significance of the 1960s Transition

Increased GHGs and ozone depletion have been identified as potential drivers of the recent observed changes in
the SHWW (Arblaster & Meehl, 2006; Thompson et al., 2011; D. W. J. Thompson and Solomon, 2002; Wang
et al., 2014). Both can amplify the upper tropospheric and stratospheric thermal gradient between Antarctica and
the mid-latitudes, strengthening the polar vortex (Screen et al., 2018). Our results confirm that both the onset of
the acceleration and the southward transition of the Pacific SHWW coincide with the abrupt decline in strato-
spheric ozone and the sustained increase in GHG since early-1960s (Masson-Delmotte et al., 2021; Shan-
klin, 2007) (Figure 3g). The timing of these events suggests that both GHG radiative forcing and ozone depletion
may have driven the thermal imbalance in the atmosphere that led to the Pacific SHWW poleward strengthening.
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Figure 3. Comparison of the Jurassic ice core diatom record with multiple observed and reconstructed parameters. (a) JUR
total annual diatom abundance record and Antarctic marine taxa group relative contribution to JUR's total annual diatom
abundance record. (b) Southern Annular Mode (SAM) index obtained from meteorological observations (1958-present)
(Marshall, 2003) and SAM index reconstructed from proxy records (1000 CE-present) (Abram et al., 2014). (c) Wind records
from sub-Antarctic Islands. Inferred wind strength record (DI-conductivity) from Marion Island (46.9°S) (Perren et al., 2020)
and annual wind speed measured at Macquarie Island (54°S) (Saunders et al., 2018). (d) Wind proxies from West Antarctic
ice cores. Northerly Air Mass Incursions (NAMI) index from the International Trans-Antarctic Scientific Expedition ice
cores (Dixon et al., 2012) and coarse particle percentage from the WAIS divide ice core (Koffman et al., 2014). (e) Wind
proxies from ice cores in the Weddell sector. Dust flux from the James Ross Island ice core (McConnell et al., 2007) and from
the IND-25/BS5 ice core (Laluraj et al., 2020). (f) Position (inverted) and strength of maximum Southern Hemisphere surface
westerly winds for CMIP6 models (Goyal et al., 2021). (g) Observed and reconstructed changes in atmospheric composition.
The purple line indicates the total austral spring column ozone concentration (inverted) above Halley Station, Antarctica
(Shanklin, 2007). The gray line shows the temperature change caused by total anthropogenic greenhouse gas forcing, relative
to 1750 CE (Masson-Delmotte et al., 2021).
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While GHG favored the atmospheric imbalance throughout the year, ozone depletion enhanced the effects during
the austral summer (Fogt & Marshall, 2020; Thompson et al., 2011). Future climate change scenarios project a
sustained poleward migration and strengthening of the SHWW, regardless of the expected stratospheric ozone
recovery (Mayewski et al., 2015; Perlwitz et al., 2008). These projections highlight the greater importance of
GHG on SHWW over the seasonal effects of ozone depletion in the future.

The recent strengthening and poleward migration of the Pacific SHWW have been shown to severely impact ice
shelves along the Amundsen-Bellingshausen coast (Pritchard et al., 2012). The shift of the wind belt toward
Antarctica increases the occurrence of foehn events that induce surface melting of the ice shelves (Cape
etal., 2015; Turton et al., 2020), and enhance the upwelling of circumpolar deep water leading to basal melting of
the ice shelves (Pritchard et al., 2012). These both promote ice shelf collapse, leading to the acceleration of glacier
discharge, ultimately contributing to global mean sea-level rise (Pritchard et al., 2012). The strong relationship
and rapid response of ice shelves to changing wind patterns (Cape et al., 2015; Turton et al., 2020), suggest the
West Antarctic ice shelves could have been in a steady-state before the 1960s transition, with widespread thinning
triggered after the early-1960s, in line with evidence from Pine Island Glacier (Smith et al., 2017). Identifying
increased GHG emissions and ozone depletion among the main drivers of the Pacific SHWW transition and the
abrupt response of the wind belt to these forcings provides key information to better understand the role SHWW
have played in driving ice shelf instabilities and more accurately predict the fate of ice shelves under future
climate change scenarios.

4.5. How Does This Fit With the Hemispheric Picture?

The recent intensification and poleward migration of the Pacific SHWW are coincident with changes observed in
West Antarctic ice cores. The increasing trend in coarse particle percentage at WAIS (Koffman et al., 2014) and
the shift to a positive phase of the Northerly Air Mass Incursions (NAMI) index (Dixon et al., 2012), both reflect a
recent strengthening of the circum-Antarctic atmospheric circulation with greatest sensitivity to changes over the
Pacific SHWW (Figure 3d). A poleward migration of the wind belt since the early-1960s is also interpreted from
elevated conductivity in lake sediments from Marion Island, located in the Indian sector of the SO (Perren
etal., 2020) (Figure 3c). In contrast, dust flux records from the Weddell Sea sector suggest an earlier enhancement
in atmospheric circulation (Laluraj et al., 2020; McConnell et al., 2007) (~1930s) (Figure 3e). The offset between
these records (WAIS, International Trans-Antarctic Scientific Expedition and Marion Island vs. JRI and
IND25/BS5; Figure 3) could suggest a zonally asymmetric response of the SHWW (Fletcher & Moreno, 2012;
Waugh et al., 2020), where the Atlantic sector of the SO reacted before the Pacific and the Indian sectors of the
SO, or a strong dependence on source region conditions (e.g., South American aridity) on dust deposition, that is
not related to winds (Bullard et al., 2016; Lambert et al., 2008; Wolff et al., 2010). Additionally, the recent
poleward shift and strengthening of the Pacific SHWW validate results obtained from CMIP6 model runs (Goyal
et al., 2021) (Figure 3f). Similarly, the long-term stability of winds prior to the 1960s is consistent with results
obtained from data assimilation studies (Dalaiden et al., 2021; King et al., 2023; O’Connor et al., 2021).

5. Implications

The diatom record contained in the Jurassic ice core provides an unprecedented opportunity to track decadal
changes in the location and strength of the Pacific SHWW beyond the instrumental period (1958-present). Results
presented here will allow future attribution studies to constrain the behavior of the Pacific SHWW under future
climate scenarios, in order to better predict the consequences of changes in Antarctic ice sheet mass balance and
future sea level rise. Additionally, the extended wind record presented here can be used to determine the role that
winds have played in driving environmental changes in the AP over the past 140 years, filling a major gap in our
current understanding of regional climate change. The Jurassic ice core diatom record also demonstrates the
exciting potential for other existing AP ice cores to yield valuable Pacific SHWW reconstructions over the last
millennium.
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