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6 Abstract. During the austral ice advance season, sea ice expands across the Southern Ocean, significantly reducing

7 gas, heat, and moisture transfer between the atmosphere and ocean. Situated along the Antarctica coastline are areas

8 of open water, minimal sea ice concentration, or relatively thin ice - called coastal polynyas. Coastal polynyas

9 continuously reconnect the atmosphere and ocean. Antarctic coastal polynyas’ greatest geographic influence occurs
10 through their contribution to deep water formation and the global Thermohaline Circulation. Coastal polynya
11 impacts are partially controlled by their size. Larger polynyas allow greater rates of sea ice production, bottom water
12 formation, and total biological productivity. This study examines the role that large-scale atmospheric patterns play
13 in Antarctic coastal polynya size variability. The Southern Annular Mode (SAM), El Nino-Southern Oscillation
14 (ENSO), and the Amundsen Sea Low (ASL) together significantly influence the sizes of 20 of the 25 Antarctic
15 coastal polynyas in this study. The SAM exerts its strongest influence in East Antarctica, where a +SAM stunts
16 coastal polynya growth. ENSO, a tropical phenomenon with significant West Antarctica teleconnections, promotes
17 polynya growth during La Nifia. The ASL, an exclusively West Antarctica phenomenon, enhances polynya growth
18 in the Amundsen and Bellingshausen Seas as it intensifies and as it migrates northeast. In contrast, an eastward
19 migration of the ASL suppresses polynya expansion in the Weddell Sea. Variability in the SAM and in the ASL’s
20 intensity and latitudinal location impact monthly and seasonal polynya size variability. Variability in ENSO and in
21 the ASL’s intensity and longitudinal location impact annual, seasonal, and monthly polynya size variability,

22 respectively.

23 1. Introduction

24 Bvery year, during the austral ice advance season, the sea ice field expands to cover on average 19 million km? of
25 the Southern Ocean [Maksym et al., 2012]. This sea ice creates a barrier between the ocean and atmosphere,
26 significantly reducing gas, heat, and moisture transfers [Fiedler et al., 2010; Arrigo and van Dijken, 2003]. However,
27 situated around the Antarctic continent, in the pack ice and along the coastal regions, are polynyas, areas of open
28 water or minimal sea ice concentration and thickness surrounded by relatively thick ice [Nihashi et al., 2017;
29 Nihashi and Ohshima, 2015; Comiso et al., 2011; Drucker et al., 2011; Tamura et al., 2008; Martin et al., 2007;
30 Kwok et al., 2007; Arrigo and van Dijken, 2003]. Their formation, decay, and function are products of sea ice

31 production, melt, and transport processes.
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32 Coastal polynyas develop from wind-driven ice divergence away from a static feature such as a coastline, ice
33 tongue, or iceberg. Offshore polynyas are able to balance heat lost to the atmosphere with heat brought to the surface
34 from the subsurface ocean [Goosse and Fichefet, 2001]. However, most coastal polynya heat loss is not replaced
35 from below because the entire water column in shallow shelf regions is near freezing [Nicholls, 2001; Zwally et al.,
36 1985]. The net negative energy imbalance results in a change of state through freezing [Adolphs and Wendler,
37 1995]. Coastal polynyas are maintained through continuous rates of sea ice export that equal or exceed rates of sea
38 ice production. Static, or slow-moving, features form the windward boundary of these latent heat-induced polynyas.
39 The transported pack ice forms their leeward boundaries [Adolphs and Wendler, 1995; Smith et al., 1990]. Due to
40 the continuous ice advection, coastal polynyas are sites of continued rapid ice production throughout the ice advance

41 season [Ackley et al., 2001; Massom et al., 1998].

42 Coastal polynyas’ greatest geographic influence occurs through deep water formation. Most brine is rejected during
43 the freezing process. Thus, as the surface ocean layer cools, it becomes saltier and denser. Due to continued rapid ice
44 formation within coastal polynyas, surface waters become dense enough to sink to the continental shelf, contribute
45 to high salinity shelf water, and eventually spill into Antarctic Bottom Water [Yang et al., 2025; Mizuta et al., 2024;
46 Fiedler et al., 2010; Ushio et al. 1999; Smith et al., 1990]. Antarctic Bottom Water feeds into the Thermohaline
47 Circulation, also known as the Meridional Overturning Circulation, which gives Antarctic coastal polynyas global
48 influence. Deep ocean processes like the Thermohaline Circulation occur on the order of centuries and provide
49 important long-term storage for greenhouse gases, such as carbon dioxide [Kitade et al., 2014; Shadwick et al.,
50 2013; Beckmann et al., 1999]. The impacts that coastal polynyas have on the ocean’s thermodynamic, chemical,
51 biological, and gas processes are controlled by polynya size. Larger polynyas allow greater rates of sea ice
52 production, bottom water formation, and total biological productivity [Yang et al., 2025; Tamura et al., 2016]. Thus,

53 it is useful to understand the influences impacting changes in coastal polynya size.

54 Variability in coastal polynya size is linked to wind-driven sea ice advection created by katabatic winds and
55 thermodynamic processes that determine ice production rates [Holland and Kwok, 2012]. Surface winds may be
56 enhanced or dampened by the Southern Ocean sea level pressure field which is connected to large-scale atmospheric
57 patterns [Turner et al., 2016]. This paper examines the role that the large-scale atmospheric patterns play in

58 Antarctic coastal polynya size variability.

59 Coastal polynyas generate 5-10% of Weddell Sea ice, 20-50% of Ross Sea ice, and 10% of total Antarctic sea ice
60 [Tamura et al., 2008; Kwok et al., 2007]. With much of the Southern Ocean sea ice content originating at the coast,
61 variability in coastal polynya activity has the potential to influence significant changes in the sea ice field.
62 Furthermore, the interaction between large-scale atmospheric phenomena and the sea ice field is potentially

63 influenced by intermediary mechanisms that include coastal polynyas.

64 Current coastal polynya literature lacks deep investigation into the relationships between Antarctic coastal polynya
65 size variability and large-scale atmospheric circulation patterns. However, there are a few studies that suggest an
66 influence. Arrigo and van Dijken [2003], using a six-year dataset, pointed out that years of anomalously low Ross

67 Sea Polynya area appeared concurrent with a strong positive El Nifio-Southern Oscillation (ENSO) event.
2
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68 Montes-Hugo and Yuan [2012] found that the size of the phytoplankton bloom in the post-polynya region of
69 Dumont d’Urville was positively related to the Southern Annular Mode (SAM). It is important to note that
70 phytoplankton bloom production is most active during spring and summer, which creates a temporal disconnect

71 between the phytoplankton blooms and wintertime polynyas.

72 Using four years of automatic weather station data, Bromwich et al. [1998] linked ENSO to polynya-producing
73 katabatic surge events in the coastal Ross Sea. Park et al. [2018] compares nonlinear trends in the Ross Ice Shelf
74 Polynya’s (RISP) activity to the SAM and ENSO. They found that trends in RISP area and timing of the RISP’s
75 annual occurrence are influenced by trends in ENSO and the SAM, respectively. Tamura et al. [2016] correlated the
76 SAM and ENSO indices with circumpolar Antarctic coastal polynyas but found generally weak correlations with
77 both. As discussed below, our study found strong influences from the SAM and ENSO on coastal polynya size

78 variability around the continent.

79 Studies have identified a significant connection between the presence of polynyas near the Maud Rise region and a
80 negative SAM phase (-SAM). The upward transport of oceanic heat, which is associated with the basal sea ice melt
81 that opens the offshore polynyas, is prompted by the descent of relatively high salinity surface water [Silvano et al.,
82 2025]. This vertical instability is associated with -SAM conditions. In contrast, persistent reduction in surface
83 salinity, such as during a positive SAM phase (+SAM), reduces upward transport of the relatively warm water from
84 below, the associated basal sea ice melt, and subsequent formation of the offshore polynyas [Cheon and Gordon,
85 2019; Campbell et al., 2019]. Since these sensible heat-induced polynyas are associated with offshore sea ice melt,
86 they are not associated with ice production, which is promoted by wind-driven conditions at the coast. Jiang et al.
87 [2024] found a similar connection between a +SAM and enhanced chlorophyll concentration within the Marguerite
88 Bay Polynya, situated along the western coast of the Antarctic Peninsula. This relationship is not directly associated

89 with polynya size because it focuses on chlorophyll concentration, rather than total chlorophyll.

90 Not only are studies on coastal polynya responses to large-scale atmospheric activity scarce, but they are generally
91 limited to a few large and prominent polynyas — e.g., polynyas in the Ross, Weddell, and Amundsen Seas [Park et
92 al., 2018; Tamura et al., 2016; Arrigo and van Dijken, 2003; Bromwich et al., 1998]. Also, studies are often done at
93 annual or three-month seasonal average time scales and thus are too broad to capture much of the co-variability at

94 finer timescales.

95 The link between large-scale atmospheric circulation patterns and Antarctic coastal polynyas arises from the
96 atmospheric patterns’ influence on surface winds and the sea ice field. However, the connection is often complicated
97 by coastal geometry, which influences direction of growth [Nihashi and Ohshima, 2015; Shadwick et al., 2013;
98 Massom et al., 1998]. Here, we use a 26-year monthly polynya area dataset [Ward & Raphael, 2018] to investigate
99 the response of individual Antarctic coastal polynyas to large-scale atmospheric patterns, including the SAM,
100 ENSO, and the Amundsen Sea Low (ASL) (Fig. 1). We also provide brief commentary on the impact of local coastal
101 geometry on coastal polynya relationships with large-scale atmospheric phenomena. Section 2 of this paper
102 describes the datasets and methods used in the study. Section 3 presents the results. Section 4 provides a discussion

103 and summary.



https://doi.org/10.5194/egusphere-2026-1811
Preprint. Discussion started: 4 June 2026 EG U
sphere

(© Author(s) 2026. CC BY 4.0 License.

104

105

106

107

108 Figure 1: The scale, direction of motion, and
109 distribution of three prominent atmospheric
110 phenomena: the Southern Annular Mode
111 (SAM), El Niio-Southern Oscillation (ENSO),
112 and the Amundsen Sea Low (ASL). The SAM
113 circles Antarctica. ENSO and the ASL influence
114 West Antarctica.

115

118

119 2. Data and Methodology
120 2.1 Coastal Polynya Data

121 This study utilizes an Antarctic coastal polynya area dataset that ranges from 1992-2017 during the April-October
122 polynya season. The dataset was processed from daily coastal polynya area estimates. The daily estimates were
123 extracted using thin ice and fast ice detection methodologies [Tamura et al., 2007] applied to satellite imagery inputs
124 from the Defense Meteorological Satellite Program's Special Sensor Microwave Imager (SSM/I) series brightness
125 temperature data. SSM/I series data is distributed by the National Snow and Ice Data Center (NSIDC) in the ‘DMSP
126 SSM/I-SSMIS Pathfinder Daily EASE-Grid Brightness Temperatures, Version 2’ dataset [Armstrong et al., 1994].
127 The 25-polynya dataset is accessible through the Github data repository: Ward & Raphael [2018] - ACP25
128 (https://github.com/JWard3 1/atmos_poly/blob/e325c¢c43753bc6f2129a79bdabb57534887917b5/Ward%20and%20Ra
129 phael%20-%20ACP25%20-%2025%20Antarctic%20Coastal%20Polynyas%201992-2017.csv). ~ Ward  [2018]

130 provides a detailed application of the polynya detection algorithms used to create the dataset. While 70 polynyas
131 were identified, the dataset employed in this study focuses on the 25 polynyas with a minimum mean surface area of
132 1,562.5 km?® - the size of 10 12.5x12.5 km pixels - to capture non-negligible variability and at least 30% daily
133 occurrence - defined as a surface area greater than 0 km? (Fig. 2a). Tamura et al. [2007] identified 13 Antarctic
134 coastal polynyas as the largest contributors to Antarctic polynya sea ice production. All 13 are included in the
135 25-polynya dataset employed in the current study. Therefore, the vast majority of coastal polynya ice production

136 occurs in the largest 25 polynyas used here.
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137 Each daily coastal polynya time series was initially aggregated to annual means to highlight their long-term

138 tendencies. Linear trendlines were calculated from the initial annual means and regressed against the original daily

139 data series. Standardized deviations from the trendlines were aggregated to the monthly means that are utilized in

140 this study. This process is performed to eliminate the over-allocation of atmosphere-polynya correlation due to long

141 term trends.
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143 Figure 2: a) Locations of the largest 25 Antarctic coastal polynyas. Relevant oceanic and continental place
144 names are labeled. Light and dark grey areas represent landmasses and ice shelves, respectively. b) Mean
145 direction and magnitude of sea ice motion during the polynya season (April-October) from 1992-2017. The
146 color of the arrows indicate speed of motion with units in meters per hour.
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173

174 Figure 2b displays mean sea ice motion (i.e., direction and velocity) during the polynya season from 1992-2016. At
175 the time of the dataset creation, sea ice motion data availability only extended to February, 2017. The ice motion
176 data are distributed by the National Snow and Ice Data Center (NSIDC) in the “Polar Pathfinder Daily 25 km
177 EASE-Grid Sea Ice Motion Vectors, Version 3” dataset [Tschudi et al., 2016]. The greatest Southern Ocean ice
178 velocity occurs as southerly flow through the Ross Sea, after divergence from the Ross Ice Shelf. After ice exits the
179 Ross Sea embayment, it veers westerly and flows through the Ross Gyre. Weddell Sea ice motion flows in a
180 clockwise motion through the Weddell Gyre. East Antarctica sea ice motion is characterized by easterly flow within

181 its relatively short pack ice extent.

182 2.2 Atmospheric Data

183 Monthly mean indices that describe the Southern Annular Mode (SAM), El Nifio-Southern Oscillation (ENSO), and
184 the Amundsen Sea Low (ASL) were retrieved from multiple sources as subsets during the polynya season
185 (April-October) from 1992 to 2017. The SAM index, described by Marshall [2003], is housed at the British

186 Antarctic Survey [BAS; https://legacy.bas.ac.uk/met/gjma/sam.html]. A positive SAM index represents an increase

187 in the meridional pressure gradient and the corresponding intensification of circumpolar westerly winds. The
188 Southern Oscillation Index (SOI) used to quantify the sign and strength of ENSO is described and distributed by the

189 National Oceanic and Atmospheric Administration [https://www.cpc.ncep.noaa.gov/data/indices/soi]. Relatively

190 strong positive SOI anomalies are associated with the ENSO warm phase (El Nifo). Relatively strong negative SOI
191 anomalies are associated with the ENSO cool phase (La Nifla). The ASL dataset is also distributed by BAS, and it
192 was created using the method described by Hosking et al. [2013; https://scotthosking.com/asl_index]. Four indices,
193 which together completely characterize the ASL, are provided — actual central pressure (ACP), relative central

194 pressure (RCP), longitude (LON), and latitude (LAT).

195 To analyze the influence of large-scale atmospheric patterns on Antarctic coastal polynya size variability and
196 determine the temporal scales at which these relationships take place, the general trend of all polynya and
197 atmospheric data series were removed and the annual, seasonal, and monthly variability of the atmospheric data
198 series were isolated into distinct components. This was completed using a time series decomposition method that
199 successively applies multiplicative linear regression to the temporal components of each atmospheric index

200 [Faraway, 2014].

201 Since the atmospheric data are provided as monthly means, each monthly atmospheric index was initially
202 aggregated to annual means to highlight their long-term tendencies. Linear trendlines were calculated from the
203 initial annual means and regressed against the original monthly timeseries. Standardized deviations from the
204 trendlines were aggregated to monthly climatologies - hereafter referred to as seasonal variability. Standardized
205 deviations from the seasonal variability were aggregated to annual means, and their standardized deviations

206 represent the monthly variability utilized in this study. This stepwise regression process distinguishes uncorrelated
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207 temporal scales of variability - the trend, seasonal, annual, and monthly components are mutually exclusive (R>=0) -
208 and accounts for all of the variability within the original, complete data sets (R*=1). Thus, each temporal component
209 uniquely contributes to the total variability, which is important for identifying influential scales of variability. Figure

210 3 shows the percent contribution of each atmospheric pattern’s temporal components to its total pattern variability.
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212 Figure 3: Relative contributions of each temporal component (linear trend and exclusive monthly, seasonal,
213 and annual variability) to the total variability of large-scale atmospheric patterns.

214

215 The SAM index has a relatively weak positive trend that accounts for 0.6% of the total variability in the study period
216 (Fig. 3). Its exclusive annual, seasonal, and monthly variability account for approximately 24%, 4.5%, and 71% of
217 its total variability, respectively. The SAM’s seasonality has its winter minimum (maximum) in June (August) (not
218 shown). While ENSO (measured by the SOI) had a general decline through the latter half of the 20" century
219 [Nicholls, 2008], it exhibited a relatively strong positive trend during the study period, which accounts for 5.4% of
220 its total variability. It exhibits minimal seasonality with annual and monthly variability accounting for approximately

221 55.4% and 39% of its total, respectively.

222 Decomposition of the ASL’s actual central pressure index (ACP) reveals a negative trend, accounting for
223 approximately 2.6% of its variability. Exclusive annual, seasonal, and monthly scale variability account for
224 approximately 20%, 16.6%, and 61% of its total, respectively. The ASL’s location (i.e., LON, LAT) is highly
225 variable with exclusive annual, seasonal, and monthly variability accounting for approximately 10.5%, 3%, and

226 86.6% of total LON variability, respectively, and 17%, 3%, and 79% of total LAT variability, respectively.

227 The ASL’s central location experienced a southeastward trend over the study period. While the southward trend over
228 time agrees with Turner et al. [2013], the eastward trend in the current study opposes the westward trend found in
229 theirs. The difference is due to the different study periods, with theirs ranging between 1979-2008 and the current
230 study ranging between 1992-2017. Studies have found positive relationships between ENSO and LON, with El Nifio

231 promoting an eastward shift in the ASL’s longitude [Turner et al., 2013; Yuan, 2004]. A statistically significant
7
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232 positive relationship between ENSO and ASL’s longitude is discussed later in this paper (Fig. 8). With the positive
233 long term trend previously presented in this paper (Fig. 3), ENSO has a greater tendency towards El Nifio conditions
234 throughout the study period, which promotes the eastward ASL migration reported. However, the long term trends

235 found in the current study account for less than 1% of the location variability in both directions.

236 Seasonally, LON and LAT have concurrent extremes with northern and western maxima in June and southern and
237 eastern maxima in August. The seasonal variability of all ASL metrics are consistent with those found by Hosking et
238 al. [2013] and Turner et al. [2013], except their northern LAT maximum occurs in May. The temporal range covered
239 by Hosking et al. [2013] is different from that covered by the current study, which may contribute to the slight
240 discrepancy.

241 2.3 Polynya-Atmosphere Regression

242 This study quantifies the partial contribution of each atmospheric pattern’s annual, seasonal, and exclusive monthly
243 variability to the variations in Antarctic coastal polynyas’ sizes. To do so, multivariate regression analysis was
244 performed. Each polynya’s detrended time series was regressed against each atmospheric pattern’s exclusive annual,
245 seasonal, and monthly components (Eq. 1), identified by the stepwise decomposition described above. Each
246 multivariate regression model’s coefficient of determination (R?) is employed to measure the influence of the
247 atmospheric pattern’s temporal components on polynya size variability. The relative contribution of each temporal
248 component is calculated as the relative contribution of their individual t-values (provided in the regression model’s
249 output) to the total sum of t-values in the model. All statistically significant relationships are determined at the 90%
250 significance level. In Eq. 1, Polynyar,, is the inclusive monthly polynya variability (with annual and seasonal
251 variability included) and Atmosyuuy is an atmospheric pattern’s exclusive monthly variability (with annual and

252 seasonal variability removed).
253 P01ynyaTolal ~ AtmOSAnnual + AtInOSSeasonal + AtmOSMonlhly (1)

254

255 3. Results

256 As stated above, coastal polynyas develop from wind-driven ice advection from the coast, and other virtually static
257 features, as sea ice is continuously generated through heat lost to the atmosphere. Stronger surface winds flowing
258 away from the virtually static features increase coastal polynya size. Weaker surface winds flowing in the same
259 direction, or a reversal in wind direction, decrease coastal polynya size. Similar changes in ocean and sea ice
260 motion have similar effects on coastal polynya size. Thus, processes that impact the strength and direction of surface

261 winds along the coast, such as the large-scale atmospheric patterns discussed here, affect polynya size variability.
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262 3.1 Southern Annular Mode

263 Relationships between coastal polynyas and the SAM are particularly strong in East Antarctica from Adelie Land to
264 Prydz Bay (Fig. 4). This is consistent with the finding that, with respect to its impact on sea ice variability, the SAM
265 is the dominant large-scale atmospheric circulation pattern in that region. Eight of the eleven polynyas have
266 statistically significant negative relationships suggesting that under +SAM conditions they shrink in size. The strong
267 polynya relationships in that region are primarily driven by seasonal and monthly scale co-variability. The Haakon
268 VII Sea and West Antarctica regions contain only two strong SAM-polynya relationships. Their co-variability is
269 primarily driven at the monthly scale as well. In regions where coastal polynyas form along ice tongues and other
270 meridionally oriented ice features, anomalous zonal ice flow may have a larger effect on polynya size than
271 meridional anomalies. The increased westerly wind associated with +SAM contributes to westerly sea ice flow
272 anomalies. Thus, polynyas that grow with easterly winds, such as most East Antarctica polynyas [Nihashi and
273 Ohshima, 2015], will decrease with the enhanced westerly winds of +SAM and increase with the weakened westerly

274 winds of -SAM.

275 SAM
=]
276 "Monthly = Seasonal = Annual Figure 4: Coefficient of determination (R? of
277 7 multivariate regression model results for each of the 25
278 Antarctic coastal polynyas regressed against the
279 o Southern Annular Mode (SAM). Red, gold, and
280 turquoise represent relative contributions at the
281 exclusive monthly, seasonal, and annual scales of
282 variability, respectively. Dashed lines indicate statistical
283 significance at the 90% level. The data ranges from
284 April-October, 1992-2017.
13 5 7 9 11 13 15 17 19 21 23 25
285 Polynya

286 East Antarctica polynyas, particularly between Adelie Land and Prydz Bay, generally form along the western edge
287 of meridionally oriented features and, thus, grow westward toward more marginal ice areas. Two polynyas within
288 this region are not strongly influenced by the SAM. The first of the two, the Shackleton Ice Shelf Polynya (#8),
289 forms within a small bay of the Shackleton Ice Shelf and does not experience much zonal expansion. The second of
290 the two, the MacKenzie Bay Polynya (#12), forms along the eastern edge of a fast ice feature, which prevents
291 growth westward and allows growth eastward. However, its direction of growth is in competition with the direction
292 of mean ice flow (Fig. 2b), which limits the polynya’s eastward expansion as well. This supports the negative

293 relationships found in the nine statistically significant East Antarctica correlations.

294 Tamura et al. [2016] generally found negative relationships, except in three polynyas (one polynya along each of the
295 Ross, Weddell, and Adelie Land coasts) but report no statistically significant relationships between SAM and the
296 thirteen Antarctic coastal polynyas they studied. However, their analysis used annual cumulative sea ice, instead of
297 monthly polynya size as is done in the current study. To compare our analysis with theirs we calculated the

298 correlation between the polynyas and the SAM index at the annual timescale. As with the Tamura et al. [2016] study,
9
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299 no statistically significant relationships were found. This highlights the importance of examining these relationships
300 at different timescales of variability. In our analysis we find that most of the strong SAM-polynya relationships are
301 driven by seasonal and monthly variability, both of which are lost in the annual means and cumulative totals that are
302 popularly presented in other studies. We note also that monthly variability contributes the most to the total

303 variability of the SAM (Fig. 3).

304 Studies have revealed a late 20th/early 21st century tendency towards a more +SAM [Cheon and Gordon, 2019;
305 Thompson et al., 2011; Gillett et al., 2008; Turner et al., 2009; Arblaster and Meehl, 2006; Marshall, 2003]. The
306 Cape Darnley Polynya (#13) has a statistically significant negative trend in size, as well as a strong negative trend in
307 ice production [Tamura et al., 2016; Nihashi and Ohshima, 2015]. We found that its size variability has a statistically
308 significant negative relationship with the SAM. Thus, the long-term reduction in the Cape Darnley Polynya area

309 may support a possible connection to the long-term positive linear trend of the SAM.

310 3.2 El Nifio-Southern Oscillation

311 The relationships between coastal polynyas and ENSO are particularly strong in the Amundsen Sea where three of
312 the five polynyas (#19, 20, and 23) have statistically significant positive relationships (Fig. 5). This is the region
313 whose sea ice variability is most strongly affected by ENSO [e.g. Raphael and Hobbs, 2014; Stammerjohn et al.,
314 2008]. During La Niila events, when the Southern Oscillation Index (SOI) is anomalously positive, the subtropical
315 jet weakens and the polar frontal jet strengthens, directing more storms to the west of the Antarctic Peninsula. This
316 establishes a low pressure center in the Amundsen and Bellingshausen region, which directs southerly winds away
317 from the coast and promotes polynya expansion in the Amundsen Sea. During El Nifio events, when the SOI is
318 anomalously negative, more storm activity occurs east of the peninsula and a relatively high pressure center is
319 established in the Amundsen and Bellingshausen region [Montes-Hugo and Yuan, 2012; Knuth and Cassano, 2011;
320 Yuan, 2004; Yuan and Martinson, 2001], directing northerly winds toward the coast and limiting polynya growth in
321 the Amundsen Sea.

322

. ENSO
323 mMonthly " Seasonal = Annual Figure 5: Coefficient of determination (R? of
324 multivariate regression model results for each of the 25
325 Antarctic coastal polynyas regressed against the El Nifio
326 o Southern Oscillation (ENSO). Red, gold, and turquoise
327 & represent relative contributions at the exclusive
328 monthly, seasonal, and annual scales of variability,
329 - respectively. Dashed lines indicate statistical significance
330 T at the 90% level. The data ranges from April-October,
331 1992-2017.

183 5 7 9 11 13 15 17 19 21 23 25

332 Polynya

333 ENSO’s impact on coastal polynyas is also moderated by its influence on the Amundsen Sea Low (ASL). Due to its
334 impact on the pressure field west of the Antarctic Peninsula (Fig. 1), ENSO has statistically significant relationships

10
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335 with the ASL’s intensity and location. La Nifia promotes a stronger ASL - identified by lower actual central pressure
336 (ACP; Fig. 8). As discussed later in this paper, a relatively low ACP is also associated with larger polynyas in the
337 Amundsen and Ross regions (Fig. 6). During La Nifia, the center of the ASL tends to be in the Amundsen Sea, while
338 during El Niflo it sits in the Ross Sea [Yuan, 2004]. This produces a statistically significant positive correlation
339 between ENSO and the ASL’s longitudinal position (LON; Fig. 8). As also discussed later in this paper, an eastern
340 ASL location is associated with larger Amundsen and Bellingshausen coastal polynyas (Fig. 9). Thus, the
341 ENSO-ASL-polynya interaction may confound the significant ENSO-polynya relationships. However, we found that
342 the ENSO-polynya relationships are driven by annual variations, while the ASL’s ACP-polynya relationships are
343 driven by monthly and seasonal variations (Fig. 6). Utilization of the multi-temporal analysis in this study allows

344 distinction between coastal polynya responses to ENSO and the ASL.

345 Tamura et al. (2016) report a statistically significant positive relationship between ENSO and the Amundsen Sea
346 Polynya’s (#22 on Fig. 2a) sea ice production. Since they also report a statistically significant positive correlation
347 (r=0.82) between the polynya’s ice production and size, their results suggest a strong positive correlation between
348 ENSO and Amundsen Sea Polynya area as well. In our study, the ENSO-polynya area relationship narrowly failed to
349 reach the threshold significance level. However, three of the remaining four polynyas in the Amundsen Sea have
350 statistically significant correlations with ENSO (Fig. 5). Tamura et al. [2016] also reports a statistically significant
351 negative correlation between ENSO and the Cape Darnley Polynya’s (#13 on Fig. 2a) sea ice production. We found
352 a weak ENSO relationship with that polynya’s size. However, we found a statistically significant negative

353 relationship with the nearby Prydz Bay Polynya (#11 on Fig. 2a).

354 We did not find statistically significant correlations between ENSO and the Ross Ice Shelf Polynya (#1 on Fig. 2a).
355 However, other studies suggest a connection between ENSO and the overall Ross Sea coastal region. Park et al.
356 [2018] found that the long-term nonlinear trend in the RISP’s size is driven by the nonlinear trend in ENSO. Also,
357 Arrigo and van Dijken [2004] report a statistically significant negative annual relationship between ENSO and the
358 Ross Sea post-polynya. They correlate a multivariate ENSO index with total open water area within the entire Ross
359 Sea embayment. While their post-polynya analysis focused on accumulated springtime features, instead of the
360 smaller individual winter features we studied, their results support a connection between ENSO and the Ross Ice

361 Shelf coastal region.

362 3.3 Amundsen Sea Low: Actual Central Pressure

363 The Amundsen Sea Low’s intensity, measured through its actual central pressure (ACP), is the minimum pressure
364 within the ASL domain. Its central location ranges from 170-290°E longitude and 60-75°S latitude [Hosking et al.,
365 2013]. Relationships between coastal polynyas and ACP are particularly strong in the Amundsen and Ross Seas
366 (Fig. 6). Seven of the nine polynyas in the region have statistically significant negative relationships that are
367 primarily driven by variability at the monthly and seasonal scales. Two polynyas outside of the Ross-Amundsen

368 region have statistically significant positive relationships.

11
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372 Antarctic coastal polynyas regressed against the
373 Amundsen Sea Low’s actual central pressure (ACP).
374 Red, gold, and turquoise represent relative contributions
375 at the exclusive monthly, seasonal, and annual scales of
376 variability, respectively. Dashed lines indicate statistical
377 significance at the 90% level. The data ranges from
378 April-October, 1992-2017.
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381 Because the ASL’s domain is constrained to West Antarctica (Fig. 1), changes in its intensity are important for West
382 Antarctic climate variability. With its average central location in the Amundsen Sea, its southerly airflow promotes
383 greater Ross and Amundsen Sea ice extent to the west and its northerly airflow promotes smaller Bellingshausen Sea
384 ice extent to the east [Turner et al., 2013; Fogt et al., 2012; Turner et al., 2009]. Thus, the strength of the ASL is
385 expected to influence polynyas differently on either side of its mean central location. Raphael et al. [2019] reports
386 that anomalously intense ASL (identified by a large negative ACP anomaly) is associated with increased northerly
387 surface wind anomalies in the Bellingshausen region and southerly surface wind anomalies in the Ross-Amundsen
388 region. The ASL’s effect on meridional surface wind speed allows it to enhance coastal polynya expansion in the

389 Ross and Amundsen Seas and suppress polynya expansion in the Bellingshausen Sea (Fig. 6).

390 However, our results show no relationship between the Bellingshausen Sea Polynya (#18, Fig. 2a) and ASL’s ACP.
391 This may be due to confounding influences from the SAM and ENSO on the ASL and polynyas. When the influence
392 of other large-scale atmospheric phenomena, such as the SAM and ENSO, are removed from the ACP, the ASL’s
393 strong influence on the Bellingshausen Polynya’s size is identified. This is shown in the Bellingshausen Polynya’s

394 relationship with the ASL’s relative central pressure (RCP; Fig. 7), which is discussed later in this paper.

395 Periods of anomalously intense ASL are also associated with negative westerly surface wind anomalies along the
396 west Bellingshausen and Amundsen Sea coasts [Raphael et al., 2019]. With a northwest direction of maximum
397 expansion for the largest polynyas in that region [Nihashi and Ohshima, 2015], the easterly sea ice flow from the
398 Ross Gyre (Fig. 2b) promotes polynya growth. This also supports the negative ACP-polynya relationship, in which
399 an anomalously negative ACP (i.e an intense ASL) is associated with enhanced easterly ice flow and coastal

400 polynya growth.

401 3.4 Amundsen Sea Low: Relative Central Pressure

402 The Amundsen Sea Low’s relative central pressure (RCP) represents the regional effect of the ASL, with the
403 large-scale background influences removed. In contrast, the ACP is highly influenced by other large-scale processes

404 that impact conditions inside and beyond the ASL domain, such as the SAM, ENSO, and the Semi-Annual
12
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405 Oscillation [Coggins and McDonald, 2015; Fig. 8 of the current study]. RCP is computed as the difference between
406 the ACP and the actual sector pressure (ASP), which is the mean sea level pressure within the ASL domain
407 [Hosking et al., 2013]. Raphael et al. [2019] showed that the RCP is affected by a pressure ridge north of the ASL
408 domain, indicating the RCP is not completely decoupled from large-scale systems beyond the ASL domain. During
409 the study period, the RCP has a significant positive correlation with ACP (r=0.46; Fig. 8) and is uncorrelated with
410 ASP (1=0.00; not shown). ACP and ASP are highly correlated (r=0.88; not shown) because a decrease in sector

411 pressure includes a decrease in the ASL’s central pressure.

412 ) RCP

413 mMenthly = Seasonal = Annual Figure 7: Coefficient of determination (R?) of
414 multivariate regression model results for each of the 25
415 Antarctic coastal polynyas regressed against the
416 o Amundsen Sea Low’s relative central pressure (RCP).
417 & - Red, gold, and turquoise represent relative contributions
418 ! at the exclusive monthly, seasonal, and annual scales of
419 - variability, respectively. Dashed lines indicate statistical
420 T significance at the 90% level. The data ranges from
421 April-October, 1992-2017.
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422 Polynya

423 Since the ASL is defined as the lowest pressure center within the ASL domain, its central pressure (ACP) is always
424 lower than the mean background pressure (ASP) throughout the domain. During the study period, the ACP exhibited
425 greater variability than the ASP. When the ASL intensifies, the difference between its central pressure and the
426 background pressure becomes more negative, marking the RCP’s identification of an intense ASL anomaly. Thus, an
427 anomalously intense ASL is associated with a decrease in sector pressure (ASP), a larger decrease in ASL central
428 pressure (ACP), an increase in the ACP-ASP difference (in the negative direction), and an anomalously low RCP. A
429 reduction in the ACP that is associated with the ASP (r=0.88, not shown) does not automatically correspond to a
430 strengthening of the ASL’s RCP (r=0.46, Fig. 8). Thus, most of the ACP variability is not attributed to the ASL.
431 Since the RCP is an indicator of ASL strength separate from the influence of other nearby phenomena, it is a good
432 metric to utilize for analyses attempting to isolate the impacts of various environmental drivers within the ASL

433 domain.
434
435
436
437
438
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459 RCP-polynya relationships are statistically significant in the Amundsen and Ross Seas and are driven by seasonal
460 and monthly co-variability, respectively. Generally, RCP-polynya relationships are positive in the
461 Amundsen-Bellingshausen region (#18-24 Fig. 2a) with strong correlations along the northward-facing coastline
462 (#18, 22-24 Fig. 2a; Fig. 7) and statistically significant correlations in the central Amundsen Sea coastal region
463 (#22-23 Fig. 2a; Fig. 7). Those polynyas are east of the ASL's mean central location (224°E, 70°S) and, thus, are in
464 the region influenced by the northerly and easterly winds of the ASL. A strong ASL is characterized by anomalously
465 negative RCP, relatively strong northerly surface wind in the Amundsen-Bellingshausen coastal region, and strong
466 easterly surface wind along the Amundsen Sea coast [Raphael et al., 2019]. These reduce the strength of the
467 southerly katabatic flow away from the continent, and therefore polynya size. The rigid westward-facing Amundsen
468 Sea embayment’s coastline suppresses southerly growth of coastal polynyas but allows their easterly expansion
469 (#19-21 Fig. 2a). It reduces the ASL’s effect (as expressed through RCP) on southerly surface wind in that location.
470 In the Ross Sea, the statistically significant RCP-polynya relationship (#1 Fig. 2a; Fig. 7) is negative because of the
471 ASL’s impact on southerly surface wind. An anomalously strong ASL is associated with southerly Ross Sea wind

472 anomalies [Raphael et al., 2019] that push coastal sea ice northward and expand the Ross Ice Shelf Polynya.

473 The RCP and ACP indices present generally opposing polynya statistical relationships within the Amundsen and
474 Ross Seas. Significant positive RCP-polynya relationships correspond to non-significant negative ACP-polynya
475 relationships (#22-23 Fig. 2a). Non-significant positive RCP-polynya relationships correspond to significant
476 negative ACP-polynya relationships (#19-21, #24-25, and #2). Only the Ross Ice Shelf Polynya (#1) deviates from

14
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477 this pattern (Figs. 5-6). While the ACP and RCP indices are significantly correlated (r=0.46), the majority of ACP’s
478 variability is linked to the other large-scale atmospheric phenomena included in this study: SAM and ENSO
479 [Coggins and McDonald, 2015; Fig. 8 of the current study]. The ACP is a compilation of the RCP, SAM, ENSO,
480 and other smaller phenomena (Eq. 2). Thus, removing the influence of the SAM and ENSO from ASL’s ACP
481 variability would likely produce a higher correlation with RCP than that found in the current ACP-RCP relationship.
482 In fact, functionally removing the SAM and ENSO is part of the process that creates the RCP index.

483 ACP =RCP + SAM + ENSO + additional phenomena ?2)

484 There are significant ACP-polynya correlations around Antarctica, even outside of the ASL’s domain. This is
485 possible because the strong ACP-polynya correlations are partially a function of ENSO and the SAM’s influence on
486 ACP and the polynyas. Since ENSO and the SAM’s influences on coastal polynyas are dominant in West and East
487 Antarctica, respectively, their confounding impacts on the ACP-polynya relationships occur in corresponding
488 regions. For instance, an anomalously positive ENSO is associated with larger West Antarctica polynyas (#19-25 in
489 Fig. 5) and a weaker ACP (Fig. 8). Thus, due to the influence of ENSO, larger polynyas and a weaker ACP occur
490 simultaneously (Fig. 6). Likewise, an anomalously positive SAM is associated with smaller East Antarctica
491 polynyas (#3-16 in Fig. 4) and a weaker ACP (Fig. 8). Thus, due to the influence of the SAM, smaller polynyas and
492 a weaker ACP occur simultaneously (Fig. 6). This accounts for the statistically significant positive East Antarctica
493 ACP-polynya correlations, which would not exist without the SAM because they are beyond the ASL’s domain of
494 influence. Thus, removing the influence of the SAM and ENSO from the ASL’s ACP will result in an index that
495 more closely mimics the RCP and have polynya correlations that more closely resemble the RCP-polynya

496 correlations, which are positive in West Antarctica and not statistically significant in East Antarctica (Fig. 7).

497 The Ross Ice Shelf Polynya (RISP; #1 in Fig. 2a) is not influenced by the SAM nor ENSO. Therefore, the removal
498 of the SAM and ENSO’s influences from the ACP would not impact the ASL-RISP relationship. That is why the
499 ASL-RISP relationship is statistically significant and negative for both the ACP and RCP. Thus, the difference
500 between the ACP and RCP is not their physical functions, but rather, the difference is a result of statistical cleaning
501 of the ACP, which produces the RCP metric. A similar relationship is discussed for the influence of ASL’s latitudinal

502 location on East Antarctica coastal polynya size variability later in this paper.

503 3.5 Amundsen Sea Low: Longitude

504 The influence of ASL intensity (ACP and RCP) on surface conditions is complicated by the fact that the location of
505 the ASL is variable. Its central position ranges between 170-290°E longitude [Hosking et al., 2013]. During the cold
506 season, the ASL location (LON and LAT) controls the spatial variability of its influence [Coggins and McDonald,
507 2015]. Thus, understanding the relationship between ASL location and coastal polynya variability is important for a
508 fuller understanding of ASL-polynya relationships. The influence of ASL location on coastal polynya variability has

509 not been analyzed in previous studies.

510
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523 Relationships between coastal polynyas and the longitudinal location of the ASL (LON) are particularly strong
524 throughout much of West Antarctica. Statistically significant positive relationships exist in the Bellingshausen and
525 eastern Amundsen Seas, while statistically significant negative relationships exist in the Weddell and eastern Ross
526 Seas - all of which are driven by co-variability at the exclusive monthly temporal scale (Fig. 9). The longitudinal
527 location of the ASL (LON) dictates the location of the meridional flow associated with the ASL, which subsequently

528 affects polynya size.

529 During the study period, the ASL migrated between approximately 180-290°E longitude. A westward (eastward)
530 shift in LON promotes northerly (southerly) near surface wind anomalies in the Amundsen and Bellingshausen Seas
531 [Raphael et al., 2019], significantly contributing to the closing (opening) of polynyas in that region. LON has an
532 opposite effect in the Weddell Sea. When centered in the Amundsen-Bellingshausen region, the northerly flow on
533 the eastern flank of the ASL reduces southerly airflow along the Ronne Ice Shelf. Also, while centered in the
534 Amundsen-Bellingshausen region, ASL’s influence on Ross Sea winds is relatively weak [Coggins and McDonald,
535 2015]. However, as the ASL migrates westward, southerly flow on its western flank increases polynya growth in the
536 western Ross Sea. During the study period, the ASL seldom traveled west of 210°E, into the Ross Sea embayment,
537 maintaining the direct negative relationship between LON and the Okuma Bay Polynya (#25, Fig. 2a).

538 LON exerts a weak influence on wind variability along most of the Ross Ice Shelf during the sea ice advance season.
539 It only influences the meridional wind at the eastern edge of the ice shelf [Raphael et al., 2019; Hosking et al.,
540 2013], explaining its weak connection to polynyas in the western Ross Sea. LON has a statistically significant
541 negative correlation with westerly surface wind along the Bellingshausen Sea coast [Raphael et al., 2019]. However,
542 the relatively weak westerly wind associated with an eastward ASL position does not lead to increased polynya size,
543 even though coastal polynya growth along the Bellingshausen coast is greatest with southeasterly wind [Nihashi and

544 Ohshima, 2015].
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545 3.6 Amundsen Sea Low: Latitude

546 The relationship between coastal polynya size and the Amundsen Sea Low’s latitudinal position (LAT) is
547 particularly strong in two regions - the Amundsen-Ross region in West Antarctica (#19-25) and the region spanning
548 from Adelie Land to the Shackleton Ice Shelf in East Antarctica (#3-9). Northern (southern) ASL positions are
549 associated with enhanced (stunted) polynya growth, particularly at the monthly and seasonal scales (Fig. 10). The
550 ASL’s importance to coastal polynya size variability is found in its effect on surface wind conditions. Sea ice motion
551 along the Amundsen Sea coast is predominantly easterly, as it contributes to and is circulated by the Ross Gyre (Fig.

552 2b). Thus, the primary direction of sea ice motion during polynya expansion is easterly.

553
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564 Cyclonic flow around the ASL leads to easterly airflow on its southern flank, and westerly airflow on its northern
565 flank [Raphael et al., 2019]. During the study period, the ASL migrated between approximately 62-78°S latitude.
566 With an approximate mean ASL center location of 70°S, the geography of its easterly flow is generally aligned with
567 mean ice motion in this region. However, during its southern migration, the ASL’s easterly airflow shifts to lie over
568 the continent and the coastal Amundsen region is influenced by the westerly airflow north of the ASL’s center

569 [Raphael et al., 2019]. This reduces easterly surface airflow, sea ice motion, and polynya expansion.

570 The circumAntarctic correlations between LAT and coastal polynyas are also influenced by the confounding
571 SAM-LAT relationship. Given that East Antarctica is located outside of the ASL’s domain, the positive correlations
572 between LAT and East Antarctica polynya size are not due to a direct physical connection. Instead, they are most
573 likely created by the SAM-LAT relationship (r=-0.29; Fig. 8), in which a northward shift in the ASL is associated
574 with a more -SAM. Since the SAM-LAT relationship is negative, the negative SAM-polynya relationships in the
575 Adelie-Wilkes-Shackleton region (#3-9, Fig. 2a) produce strong positive LAT-polynya correlations. Removing the
576 influence of the SAM on ASL’s latitude, would most likely result in a circumAntarctic coastal polynya correlation
577 pattern that more closely resembles that of the ASL’s longitude (LON) and relative central pressure (RCP), with all
578 significant correlations concentrated in the ASL’s West Antarctica domain - particularly spanning the
579 Amundsen-eastern Ross region (#19-25, Fig. 2a). The absence of a statistically significant ENSO-LAT relationship
580 (r=0.10, Fig. 8) suggests that the West Antarctic LAT-polynya relationships are not driven by a confounding

581 influence of ENSO.
17
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582 4. Discussion and Summary

583 This study uses a time series decomposition method and a circum-Antarctic coastal polynya area dataset to
584 investigate the role that three large-scale atmospheric circulation modes - the Southern Annular Mode (SAM), El
585 Nifio-Southern Oscillation (ENSO), and the Amundsen Sea Low (ASL) - play in influencing the size of Antarctic
586 coastal polynyas at exclusive monthly, seasonal, and annual timescales. Twenty of the twenty-five polynyas
587 analyzed in this study are significantly influenced by at least one of the three atmospheric circulations. Three of the
588 remaining polynyas, one in Prydz Bay and two in the Haakon VII Sea, are not significantly influenced by any of the
589 atmospheric patterns. The final two polynyas, located in East Antarctica, are significantly correlated with the ASL.
590 However, given how remote they are from the ASL domain, their statistical relationships are likely moderated by the

591 SAM.

592 Large-scale atmospheric patterns are distinguishable features that possess distinct sizes, locations, and temporal
593 scales of variability. The location of significant polynya-atmosphere relationships is consistent with the location of
594 significant sea ice response to each atmospheric circulation. For example, the SAM is a circum-Antarctic
595 phenomenon with its strongest influence on coastal sea ice occurring in East Antarctica [Raphael and Hobbs, 2014;
596 Simpkins et al., 2012]. ENSO is a tropical phenomenon with strong global connections, and its strongest
597 extratropical connection being the Antarctic Dipole in West Antarctica [Yuan, 2004; Liu et al., 2002]. The ASL is an
598 exclusively West Antarctica phenomenon [Raphael et al., 2019; Hosking et al., 2013].

599 Coastal polynya size variability is an important function of the processes contributing to primary productivity, sea
600 ice production, deep water formation, and the Thermohaline Circulation [Yang et al., 2025; Mizuta et al., 2024;
601 Tamura et al., 2016; Kitade et al., 2014; Shadwick et al., 2013; Fiedler et al., 2010; Ushio et al. 1999; Beckmann et
602 al., 1999; Smith et al., 1990]. Coastal polynyas generate approximately 10% of total Antarctic sea ice and up to 50%
603 of ice produced in the Ross Sea [Tamura et al., 2008; Kwok et al., 2007]. With such a large proportion of Southern
604 Ocean ice deriving from coastal polynyas, changes in polynya size affect the overall Southern Ocean ice field and
605 the deep water generated during ice production. Since larger coastal polynyas provide more area over which
606 processes can occur, the processes that cause coastal polynya expansion contribute to greater cumulative amounts of
607 phytoplankton, sea ice, and deep water formation. Processes that restrict the expansion of coastal polynyas also

608 restrict the phytoplankton, sea ice, and deep water formation.

609 Building on past studies that found connections between large-scale atmospheric circulation phenomena and other
610 climate components, such as high salinity shelf water and Antarctic Bottom Water formation, we focus on the
611 intermediary role that Antarctic coastal polynyas play in some of those processes. The atmospheric circulations’
612 influence on coastal polynya size results from their influence on surface winds and oceanic currents. Each coastal
613 polynya expands in specific directions that align with the flow of surface winds and ocean currents away from
614 virtually static objects [Nihashi and Ohshima, 2015; Shadwick et al., 2013; Massom et al., 1998]. The large-scale
615 atmospheric circulation can enhance, diminish, and redirect surface winds that flow over the coastline [Raphael et

616 al., 2019; Coggins and McDonald, 2015; Raphael and Hobbs, 2014; Hosking et al., 2013; Turner et al., 2013; Fogt et

18
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617 al., 2012; Turner et al., 2009; Stammerjohn et al., 2008; Yuan, 2004]. As the atmospheric circulations experience
618 changes in their intensity and location, their impacts on surface wind and ocean currents are propagated to coastal

619 polynyas.

620 We show that East Antarctic coastal polynya size variability is most influenced by the SAM at all timescales, while
621 West Antarctic coastal polynya size variability is most influenced by ENSO and the ASL at the annual and monthly
622 timescales, respectively. The ASL’s influence is complicated by its variable intensity and location. Strong polynya
623 responses to the ASL’s actual central pressure (ACP) and location (i.e latitude) each occur at the monthly and
624 seasonal scales. Strong polynya responses to the ASL’s relative central pressure (RCP) and longitude occur primarily
625 at the seasonal and monthly scales, respectively. These findings help to contextualize artifacts such as the strong
626 ASL-polynya relationships in East Antarctica and the strong monthly SAM-polynya relationships hidden in previous

627 studies conducted at the annual scale.

628 Polynyas along the Ross, Ronne, and Amery Ice Shelves are the greatest contributors to Antarctic Bottom Water
629 (AABW) because of their cool, salty surface ocean layer. Other relatively prominent coastal polynyas, such as the
630 Amundsen Sea and Bellingshausen Sea Polynyas, make smaller contributions to AABW because the ice shelves
631 along the Amundsen and Bellingshausen Sea coasts add fresh melt water to the surface layer, increasing water
632 buoyancy and decreasing the rate of surface waters sinking to lower depths [Silvano et al., 2018]. Since the ASL and
633 ENSO are dominant influencers of environmental variability in the Ross and Weddell Seas, they are expected to be
634 linked to AABW formation as well. We found that while the ASL’s strength and location influences coastal polynya
635 size in the Ross and Weddell regions, their relationships with ENSO is weak. Thus, our results suggest that the ASL
636 may play a larger role in the variability of AABW formation than ENSO.

637 Future studies may further improve our general understanding of the relationships between Antarctic coastal
638 polynyas and large-scale atmospheric patterns by analyzing polynya relationships to other climate patterns. While
639 the SAM, ENSO, and ASL are considered great sources of Southern Ocean sea ice and wind variability, influences
640 from other phenomena, such as the Zonal Wave 3 pattern, Pacific Decadal Oscillation, and Semi-Annual Oscillation,
641 may also be explored. For future studies with multidecadal polynya data sets, the Pacific Decadal Oscillation,
642 Interdecadal Pacific Oscillation, and Atlantic Multi-decadal Oscillation are good candidates for analysis. Also, the
643 drastic change in sea ice variability beginning in 2016 highlights shifts in oceanic and atmospheric influence on the
644 sea ice field. Future studies focused on oceanic, atmospheric, and sea ice influences on coastal polynya variability
645 would provide great insight into the implications of the new Southern Ocean conditions, and related processes, on

646 polynya activity.
647

648
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649 Data availability

650 The 25-polynya dataset is accessible through the Github data repository:

651 https://github.com/JWard31/atmos_poly/blob/e325¢c43753bc6f2129a79bdabb575348879f7b5/Ward%20and%20Ra
652 phael%20-%20ACP25%20-%2025%20Antarctic%20Coastal%20Polynyas%201992-2017.csv.

653 The Southern Annular Mode index, described by Marshall [2003], is housed at the British Antarctic Survey (BAS;
654 https://legacy.bas.ac.uk/met/gjma/sam.html).

655 The Southern Oscillation Index (SOI) used to characterize the ENSO pattern is distributed by the National Oceanic

656 and Atmospheric Administration (https://www.cpc.ncep.noaa.gov/data/indices/soi).

657 The Amundsen Sea Low dataset is also distributed by BAS, and it was created using the method described by
658 Hosking et al. [2013; https://scotthosking.com/as]_index].
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