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Abstract. The climatic pressure dipole, formed by the Amundsen Sea Low (ASL) and the high-pressure area east of
the Antarctic Peninsula (AP), is a major contributor to weather variability in West Antarctica and the peninsula re-
gion. Under the ongoing climate change, the role of this pressure configuration often remains uncertain. Using ERAS
reanalysis data for 1991—2022, we investigated the response of precipitation types and near-surface meteorological
fields to variability in the climatic pressure dipole. A deepening eastward shift of the ASL increased snowfall over the
Amundsen and Bellingshausen Seas, particularly near the low-pressure center itself, while precipitation near the AP
tended to shift from solid to mixed or liquid phases. Strengthening of high pressure over the western Weddell Sea —
especially when displaced closer to the AP — led to an overall decrease in precipitation, but with more frequent
freezing rains and ice pellets over the northeastern AP. These relationships, however, were highly heterogeneous and
exhibited strong seasonal features. Near-surface meteorological parameters showed weaker responses to the pressure
dipole than precipitation. A deepened ASL generally lowered air temperature and saturation point over the eastern
Bellingshausen Sea, while its eastward displacement produced warmer conditions across the study area. A high-
pressure ridge east of the AP strongly influenced the thermal regime over the Weddell Sea and Dronning Maud Land,
and was associated with intensified southerly and westerly winds in the southern part of the AP. Overall, this study
enhances understanding of how surface meteorological conditions generally respond to atmospheric pressure variabil-
ity in the region.
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1 Introduction

Manifestations of climate change have become
increasingly evident in Antarctica, the coldest
continent (Wang et al., 2025), including the ad-
jacent waters of the Southern Ocean (Cai et al.,
2023). While economic activity in this region is
subject to strict regulation (Hughes et al., 2021;

Press & Constable, 2022), the global temperature
increase reflects a cause-and-effect relationship
driven by the long-lasting footprint of greenhouse
gases (IPCC, 2022).

The marine Antarctic region remains highly
vulnerable (Boothroyd et al., 2024), with pro-
nounced changes in meteorological conditions
(Naakka et al., 2021; Wang et al., 2025), particu-
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larly near the Antarctic Peninsula (AP) (Siegert
et al., 2019). Recent studies have identified signifi-
cant positive air temperature trends, temporarily
interrupted by a short pause (Carrasco et al., 2021);
variability in precipitation (Vignon et al., 2021),
including extreme events (Pysarenko et al., 2023);
changes in ice mass balance (Shepherd et al., 2018),
posing risks of a significant sea-level rise (Li et al.,
2024); alterations in ice-shelf dynamics (Worst-
er, 2014); and other changes.

Numerous ocean—land—atmosphere interactions
(Ayres et al., 2022) and regional circulation vari-
ability (Schlosser et al., 2011; Hepworth et al., 2024)
play important roles in driving current changes in
the maritime Antarctic region. Two stable pressure
patterns strongly influence the weather near the
AP and West Antarctica: the Amundsen Sea Low
(ASL) (Raphael et al., 2016) — climatological pre-
vailing low-pressure area; and the relatively high-
pressure zone along the AP over the western Wed-
dell Sea — formed as a result of air subsidence
and atmosphere-ice interactions and amplified
by orography (Turner et al., 2002; Zhang et al.,
2021; Ayres et al., 2024). In the current paper, we
use the term “climatic pressure dipole” to refer
to these two prevailing pressure areas. The Wed-
dell Sea Low (Zhang et al., 2021) is farther away
and has a weaker impact on weather patterns west
of the AP. The current pace of global warming is
expected to intensify the ASL (Gao et al., 2021;
Dalaiden et al., 2024), while distinct seasonal
changes are associated with the so-called “Foehn
phenomenon” in the western Weddell Sea (Orr
et al., 2008; Andres-Martin et al., 2024).

This study continues our previous work (Pysaren-
ko et al., 2023), which examined the relationships
between pressure parameters in the Amundsen
and Bellingshausen Seas and precipitation totals,
including extremes above the 95th percentile.
That study showed that the location and shifts of
ASL significantly affect precipitation over West
Antarctica and the AP. The deepening of the ASL
may lead to decreased precipitation over the Getz
Ice Shelf and increased precipitation over the west-
ern AP. The results were obtained using ERAS re-

analysis data, which is among the most accessible
and reliable datasets for the Antarctic region that
includes assimilation of observational data to in-
vestigate causal relationships between pressure
parameters and other meteorological elements.
However, previous studies highlighted the need
to enlarge the study domain to include not only the
Amundsen and Bellingshausen Seas and adjacent
ice basins, but also the Weddell Sea and surround-
ing regions. Furthermore, a deeper analysis would
require incorporating additional variables and pre-
cipitation types. The aim of this research is to in-
vestigate the spatio-temporal patterns of meteoro-
logical variables and precipitation types in response
to the climatic pressure dipole, particularly the in-
teraction between the ASL and the climatological
high-pressure region over the Weddell Sea. This work
seeks to advance understanding of atmospheric
processes in the Antarctic region, still relatively
understudied due to limited observational data.
The study starts by analysing the general cli-
matological distribution of pressure parameters
and other meteorological variables over the study
domain. It then focuses on the impact of the
climatic pressure dipole on meteorological con-
ditions, particularly certain precipitation types.

2 Data and methodology

The study is a logical extension of previous research
(Pysarenko et al., 2023), which focused on the
dependencies of the total extreme precipitation
patterns on ASL. To obtain more comprehensive
estimates, we expanded the study domain and
increased the sets of pressure parameters and the
dependent variables.

Since meteorological fields in the region are
influenced not only by the ASL (a relatively low-
pressure area) but also by persistent high-pressure
patterns over the Weddell Sea, the study area was
significantly enlarged (Fig. 1). Overall, the area of
interest extends from 160°W to 20°E longitude
and, as in the previous research, has the latitudinal
range from 62°S to 82°S. Within this domain, we
searched the area with the prevailing low pres-
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Figure 1. Study domain including two areas: with prevailing low (blue) and high pressure (red)

sure over the territory shown in blue in Figure 1,
with the high pressure in the area shown in red.

The following pressure parameters were used to
analyse cause—effect relationships with meteoro-
logical characteristics: (1) the minimum pressure
over Bellingshausen or Amundsen Seas; (2) the
maximum pressure over Weddell Sea or adjacent
areas (see the red area in Fig. 1); (3) longitude of
the minimum pressure; (4) longitude of the max-
imum pressure; (5) distance between the centers
of the minimum and maximum pressures; (6) spa-
tial gradient between the centers of minimum and
maximum pressures; (7) distance from each grid
point in the study area to the center of minimum
pressure; (8) distance from each grid point in the
study area to the center of maximum pressure.
For the calculations, longitudes were considered
as negative for western longitudes and positive
for eastern longitudes. If the central pressure was
outside this large domain, the computations used
the extremum at the edge of the domain. Distances
between grid cells and pressure centers were cal-
culated using the haversine formula (see details in
Pysarenko et al., 2023).

The meteorological characteristics analysed for
spatial correlations with the pressure parameters
were: (1) 2-m air temperature; (2) 2-m dew point;
(3) the u-component of 10-m wind; (4) the v-com-
ponent of 10-m wind; (5) total precipitation; (6)
frequency of specific precipitation types at the
surface — snow, wet snow (i.e., snow particles which
are starting to melt), rain, freezing rain (i.e., su-
percooled raindrops which freeze on contact with
the ground and other surfaces), snow pellets, mixed
precipitation, and no precipitation. The precipi-
tation phase in ERAS is given as instantaneous
values representing the dominant type at the mod-
el time step of 12-minute interval (ECMWEF, 2025a).
To determine precipitation types in ERAS, rain
and snow have been represented as separate prog-
nostic variables, while other types are diagnosed
from the profiles of rain and snow combined with
near-surface temperature from the model (ECMWE,
2025b). In particular, positive air temperature in
the lower atmosphere for rain and negative for
snow; a melting layer in the lower atmosphere
with a small amount (<20%) of liquid water for
wet snow; and for the mixed type (snow with 20—

ISSN 1727-7485. Yipaincoicui anmapkmuunuil acypran, 2025, T. 23, Ne 2, https.//doi.org/10.33275/1727-7485.2.2025.748 5


https://doi.org/10.33275/1727-7485.1.2025.000

Larysa Pysarenko, Mykhailo Savenets, Denys Pishniak: Linking weather variability and climatic pressure dipole

Mean sea level pressure

No precipitation

Snow

I

e

Lol

MSLP, hPa

< —
975 980 985 990 995 1000
(a)

Rain

Frequency, fraction

0.0 02 04 06 08 10

(b)

Mixed rain and snow

(©)

Wet snow

.;mdj-../*:-_ e
Seqeds -

0.00
(d)

Freezing rain

0.02

Frequency, fraction

0.04  0.06

(e)

0.08

>
0.10

®

2-m air temperature

A T

Frequency, fraction

| ——— |
0.000 0.002 0.004 0.006 0.008 0.010

(®

2-m dew point

(h)

10-m u-wind component

B °C
30.0

<4
—30.0 —18.0 —6.0 0.0 6.0

@)

18.0

—30.0 —18.0 —6.0 0.0 6.0

(@

18.0

10-m v-wind component

—5.0

(k)

3.0 —1.0

=

e = e

1.0 3.0 5.0

0

Figure 2. Multi-year (1991—2022) mean fields over the region of study for mean sea level pressure (a), no precipita-
tion (b), snow (c), rain (d), mixed rain & snow (e), wet snow (f), freezing rain (g), and ice pellets (h), 2-m air tem-
perature (i), 2-m dew-point (j), 10-m u- (k) and v- (I) wind components
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80% liquid water), the melting layer intercepted
the ground (ECMWEF, 2025b). Ice pellets appear
if there is a warm layer above a near-surface sub-
zero layer: the snow aloft is only partially melted
in the warm layer (20—80% snow at its base) and
re-freezes in the underlying cold air (ECMWEF,
2025b). For freezing rain, the conditions are sim-
ilar, but the snow is almost entirely melted in the
warm layer (ECMWEF, 2025b). The frequency of
precipitation types was calculated for each month
as the number of time steps with phenomena
divided by the total number of time steps.
Source data for 1991—2022 were taken from
the ERAS reanalysis (Hersbach et al., 2023) with
hourly values at a 0.25° x 0.25° horizontal reso-
lution for the study domain, retrieved from the
Climate Data Store (CDS, https://cds.climate.
copernicus.cu/datasets/reanalysis-era5-single-
levels?tab=overview, accessed 15.08.2025). As not-
ed in Pysarenko et al. (2023), in-situ observations
in Antarctica are scarce and point-like; therefore,
modelling and data assimilation uncertainties can
influence the atmosphere—ocean—land interactions
and should be taken into account during results anal-
ysis and interpretation. While ERAS, in general,
showed accurate results for the Antarctic Penin-
sula region (Tetzner et al., 2019), it has known
biases in precipitation (Roussel et al., 2020; Vignon
et al., 2021). These biases include underestimation
of rain occurrences (Vignon et al., 2021) and a
positive bias of up to 30 mm - year™! for precipita-
tion over complex terrain (Roussel et al., 2020).
The analysis was performed on monthly data de-
rived from the hourly values. For most meteoro-
logical variables, monthly averages were calculated;
for precipitation and its types, monthly accumu-
lated values were used. The frequency of each pre-
cipitation type was computed as the fraction of time
steps in which it occurred at a given grid cell. As
in our previous research, we used the Spearman
rank correlation coefficient (95% confidence lev-
el). It is more suitable for the data than the Pearson
correlation coefficient, as the latter assumes that
the time series are approximately normally distribut-
ed. All the relationships were investigated both

as a whole multiannual period and broken down by
season: austral winter, spring, summer, and autumn.

3 Results

3.1 Basic characteristics of the pressure
parameters in the region

The typical mean sea level pressure (MSLP) field
in the study region is clearly divided by the AP.
To the west, lower pressure dominates, covering
the Bellingshausen and Amundsen Seas, with mul-
ti-year averages below 980 hPa (see Fig. 2a). In
contrast, higher MSLP values, around 990 hPa,
are observed over the Weddell Sea east of the AP.
This high-pressure area is narrower than the low-
pressure region and is mostly confined to the area
up to 40°W. Beyond this, another zone of low
pressure is observed.

The multi-year average position of the lowest-
pressure center (976 hPa) is located at 70°S 136°W.
The highest-pressure center (994 hPa) is at 67°S
50°W. The positions of these two baric extremums,
2935 km apart, result in an average pressure gra-
dient of 6.42 hPa per 1000 km.

The pressure minimum (corresponding to the
ASL) generally ranged from 970 to 985 hPa (see
Fig. Ala). The most extreme monthly MSLP val-
ues were observed in 1991—1994 and 2007 (over
990 hPa), and in 1998, 2008, 2011, and 2016,
dropping as low as 960 hPa. The maximum pres-
sure typically ranged between 990 and 1000 hPa.
The highest monthly values exceeded 1005 hPa in
1995, 2000, 2009, 2011, and 2016, while the lowest
fell below 985 hPa in 1998, 2000, 2001, 2006, 2008,
2012—2014, 2018, and 2022. As shown, in certain
months the pressure extremes can be atypical — for
example, the ASL, usually a low-pressure pattern,
may exhibit unusually high pressure, while the Wed-
dell Sea, typically a high-pressure area, may show
lower values. Nevertheless, there were no months
with a reversed pressure distribution: even at the
highest MSLP in the ASL region, the pressure
over the Weddell Sea remained higher.

The longitude of the elements of the climatic
pressure dipole pinpoints their position and is a
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key factor influencing the pressure gradient across
the region. The position of the pressure minimum
is more variable than that of the maximum pres-
sure east of the AP (see Fig. Alb). This is expect-
ed, as the ASL represents a climatological pres-
sure pattern, whereas the high-pressure area over
the Weddell Sea results from ice-atmospheric feed-
backs (Ayres et al., 2024) and is amplified in its
western part by orographic influence of the AP on
atmospheric circulation (Turner et al., 2002; Zhang
et al., 2021). The ASL is rarely located east of 80°W
and occasionally shifts to the western edge of the
study domain, indicating that the actual pressure
minimum may lie even farther west. In contrast,
the high pressure over the Weddell Sea is often
near the eastern coast of the AP and is geograph-
ically constrained by land. In certain months, its
easternmost position can reach as far as 0°E.

The distance between high- and low-pressure
patterns is crucial for determining pressure gra-
dients and the frequency of warm air mass trans-
port toward the Antarctic coast. Monthly values
of this distance range from 1000 to 5000 km (see
Fig. Alc), with the majority falling within the
2500—3500 km interval. Spatial pressure gradients
can vary from 2 hPa to over 12 hPa per 1000 km
(see Fig. Ald). Notably, the pressure gradient is
negatively correlated with the distance between
pressure centers (correlation coefficient: —0.50).
The correlation with the pressure minimum within
ASL is —0.45, while the correlation with the max-
imum pressure over the Weddell Sea is only 0.24.
This indicates that the ASL plays a more signifi-
cant role in generating stronger pressure gradients.

There are no statistically significant trends in
most pressure parameters (see Fig. Al). There were
slight downward trends in the minimum and max-
imum pressures (see Fig. Ala). The magnitude of
these trends is 0.9—1.5 hPa per decade.

3.2 General spatial distribution
of the meteorological variables
The study region is characterised by a predomi-
nantly meridional gradient of meteorological pa-
rameters over marine areas, interrupted by the

Antarctic coast and the influence of orography. On
average, the area to the west of the AP was warm-
er than the area to the east. The —10 °C isoline
followed the Antarctic coastline from the west up
to the AP (Fig. 2i), but extended over the marine
areas of the Weddell Sea, located slightly north of
70°S, to the east of the AP. Similar spatial patterns
were observed for the dew-point temperature, with
the —20 °C isoline following the coast from the west
to the AP, and over marine areas to the east (Fig.
2j). The influence of orography on air tempera-
ture distribution is clearly visible in Figure 2i, j.

A significant westerly wind was observed from
the north to about 70°S over the Amundsen and
Bellingshausen Seas (Fig. 2i), where the average
u-component of wind exceeded 2 m - s”!. Over the
Weddell Sea, westerly winds were less pronounced.
Most coastal areas experienced strong easterly winds,
with the u-component reaching —4 m - s~'. The
role of the AP mountain ridge is evident, with
opposite u-component wind directions on its west-
ern and eastern sides. The western part of the
study domain (to the west of the AP) is charac-
terised by prevailing northern winds (negative v-
component), while southern winds are more typi-
cal to the east of the AP (Fig. 2j). However, these
prevailing wind differences are relatively small,
mostly within =1 m - s7'. The highest wind-com-
ponent values were observed over certain parts of
the continent and its coastal areas (Fig. 2i, j).

Marine areas of Antarctica within the study
domain are characterised by a high frequency of
precipitation, in contrast to the interior continen-
tal regions. Figure 2 shows the frequencies of dif-
ferent precipitation types (Fig. 2c—h) as well as
the frequency of no-precipitation periods (Fig. 2b).
At each grid point, the sum of the fractional val-
ues from the presented maps equals 1.0 (or 100%).
Over marine areas, precipitation occurs more than
80% of the time. Due to the orographic effect of
the AP, the region to the east is somewhat drier,
with the frequency of no-precipitation cases reach-
ing about 30% (Fig. 2b).

Snow is the dominant precipitation type. Its spa-
tial distribution has a typical zonal pattern. In
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most marine areas near Antarctica, the frequency
of snow exceeds 75%. It must be considered that
the observed snowfall frequency might be slightly
overestimated by the ERAS datasets in Antarctica
(Hellmuth et al., 2025). It decreases notably near
the coast, except in the northern part of the AP.
Apart from snow, three other precipitation types
can reach a frequency of up to 0.1 in certain parts
of the study domain — rain, mixed rain and snow,
and wet snow (Fig. 2d—f). Wet snow is observed
furthest south, while rain is less frequent in these
southern regions. As with other meteorological
variables, the AP significantly influences the spa-
tial distribution of precipitation types. Overall, the
Weddell Sea exhibits weaker zonal precipitation
patterns, largely due to the orographic impact of
the AP on air masses.

Freezing rain and ice pellets are rare, with max-
imum frequencies of about 1% (Fig. 2g, h). Two
regions within the study domain exhibit local max-
ima for these types. Their highest probability is
near the eastern coast of the AP, illustrating its strong
orographic effects. They are also more frequent in
the northwestern part of the study domain, rela-
tively far from Antarctica.

3.3 Dependence of meteorological
variables on the pressure extrema

3.3.1 Impact of pressure parameters
on precipitation and its specific types

Precipitation totals

Some aspects of the influence of pressure charac-
teristics on total precipitation were presented in
our previous research (Pysarenko et al., 2023). The
current paper focuses on additional pressure driv-
ers, such as the high-pressure area in the western
Weddell Sea and its distance and spatial pressure
gradient to the ASL.

The highest central pressure results in negative
correlations with total precipitation up to —0.5 that
are typical over the Weddell Sea, whereas positive
correlations are observed along Getz Ice Shelf,
Thwaites Glacier, and adjacent marine areas of the
Amundsen Sea, annually (Fig. 3a). Seasonally, neg-

ative relationships of about —0.4 to —0.6 expand
to cover the northern part of the AP and the
adjacent marine area of the Bellingshausen Sea
(Fig. 3e) in winter and the northern part of the
Weddell Sea (Fig. 3f) in spring; the impact de-
creases markedly during the summer (Fig. 3g).
In autumn, there are the most significant statisti-
cal relationships and contrasts between the above-
mentioned regions (Fig. 3h): negative correlations
over the Weddell Sea and positive (up to 0.7)
over the Getz Ice Shelf and Thwaites Glacier. In
general, the strengthening high-pressure center
over the Weddell Sea leads to a decrease in pre-
cipitation in this region. Over the southern part
of the Amundsen Sea and the Getz Ice Shelf, the
relationship between total precipitation and high
pressure is direct and unexpectedly strong, repre-
senting a noticeable teleconnection between sep-
arate atmospheric processes. In contrast to the
value of high pressure, its longitude contributes to
all seasonal and annual values. Yearly precipita-
tion totals respond positively to the longitude of
high pressure over the eastern part of the AP
(correlation up to 0.4) and negatively along the
coastal areas over the Getz Ice Shelf, Marie Byrd
Land, and partially along the western side of the
AP (Fig. 3c). Seasonally, the direct effect of the
longitude of the high pressure grows and expands
during winter from both marine areas of the AP
(Fig. 3i), with a stronger spatial correlation (up
to 0.6) across the entire Weddell Sea and neg-
ative correlation over the Abbot Ice Shelf in spring
(Fig. 3j). For the summer season, the positive feed-
back of precipitation remains along the eastern
coastline of the AP, while a negative correlation
occurs in some areas of the Amundsen Sea (Fig. 3k).
The autumn area with a positive total precipitation
relationship expands around the AP with values
of about 0.4 to 0.5 (Fig. 31).

The distance between the lowest and highest pres-
sures has a direct average impact with correlation
up to 0.5 over the southern part of the Amund-
sen Sea and near the Getz Ice Shelf on annual
(Fig. 3b) and seasonal (Fig. 3m—p) precipitation
totals, with the exception of the autumn, where
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Figure 3. Spatial distribution of the Spearman correlation coefficient between precipitation totals and pressure param-
eters with the most significant dependences: the highest pressure in the center (a, e—h) and its longitude (c, i—1),
distances between pressure centers (b, m—p), and spatial gradient between pressure centers (d, q—t)
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such values are typical for the AP. Moreover, dur-
ing the autumn and winter seasons, the opposite
effect prevails over the eastern side of the AP with
a correlation of —0.4 to —0.5. Overall, a larger dis-
tance results in greater precipitation on the west-
ern side of the studied polygon, where the domain
is mainly under the influence of the ASL. Mean-
while, in areas adjacent to the AP, an opposite effect
is observed during autumn and winter. In contrast
to the distance between the lowest and the highest
pressures, the gradient has demonstrated a signifi-
cant effect on precipitation totals over the whole
Bellingshausen Sea for annual values (Fig. 3d) and
during spring (Fig. 3r) (correlation up to 0.6). A
stronger pressure gradient is associated with higher
precipitation totals (Fig. 3q—t). The inverse rela-
tionship is typical for the southwestern parts of the
Amundsen Sea, near the Getz Ice Shelf and Marie
Byrd Land, for the winter and spring (Fig. 3q, r).

In addition to total precipitation, it is necessary
to evaluate the influence of pressure characteris-
tics on the frequency of various phases.

The frequency of snow

The frequency of snow has a negative relation-
ship with correlations up to —0.6 with the lowest
pressure in the center (Fig. 4a, c—f), especially
over the marine area of the Amundsen Sea, where
the ASL climate pattern prevails. Additionally,
this influence covers the neighbouring Thwaites
Glacier, Pine Island glaciers, Abbot Ice Shelf, Ells-
worth Land, and the AP with the strongest spa-
tial correlation on an annual basis (Fig. 4a) and
in spring (Fig. 4d). Notably, positive correlations
of up to 0.7 were observed over Marie Byrd Land
for yearly, spring (Fig. 4d), summer (Fig. 4¢) and
autumn (Fig. 4f) values. This indicates that a more
intense low pressure is associated with a reduc-
tion in snowfalls. Moreover, during winter (Fig. 4c)
and spring (Fig. 4d), moderate positive relation-
ships (up to 0.6) were also observed over the Bell-
ingshausen Sea, adjacent to the northwestern side
of the AP (the Weddell Sea), and near the north-
eastern part during spring and summer.

The highest pressure exerts a moderate influ-

ence, being positively correlated (up to 0.4) with
the frequency of snow in Marie Byrd Land, Getz
Ice Shelf, Thwaites Glacier, and Dronning Maud
Land but negatively correlated in the southern
Weddell Sea annually (Fig. 4b). During winter
(Fig. 4g) and autumn (Fig. 4j) such inverse cor-
relations strengthen and expand in the aforemen-
tioned area of the Weddell Sea. Meanwhile, in
autumn (Fig. 4j), positive correlations are also
observed along the marine coastline of the Getz
Ice Shelf, Thwaites Ice Shelf, and the northern
and eastern parts of the Weddell Sea. During win-
ter (Fig. 4g) and summer (Fig. 4i), the highest pres-
sure has the opposite effect on the frequency of
snow with correlations up to —0.5 in the Amund-
sen Sea and in the northern, western, and south-
ern areas of the AP and also up to —0.4 in the
Bellingshausen and Weddel Seas in spring (Fig. 4h).

The longitude of low pressure has a regional and
uneven impact on the frequency of snow (Fig. 4k,
I). On an annual and autumn scales, the frequency
of snow days correlates negatively over the coast
of the Getz Ice Shelf, Marie Byrd Land, and ma-
rine areas adjacent to the AP (localised areas of the
Bellingshausen and the Weddell Seas). Through-
out the year and in almost all seasons, positive
relationships (up to 0.6) are observed in the north-
ern and southern parts of the AP and over the Ab-
bot Ice Shelf. The most contrasting season is win-
ter (Fig. 4k): the eastward shift of the low-pres-
sure center caused a decrease in the frequency of
snow over the Getz Ice Shelf and an increase over
the main areas of the Amundsen Sea, the Abbot
Ice Shelf, and the south of the AP, with some
adjacent regions of the Weddell Sea.

The annual relationship of the frequency of
snow with the longitudinal position of the high-
pressure center shows a similar spatial pattern of
correlations with the longitude of the low-pres-
sure center across the continent, but with lower
values. They are around —0.4 over the Getz Ice
Shelf and 0.4 over the Abbot Ice Shelf, southern
parts of the AP, and adjacent areas of the Weddell
Sea. There are positive links with the longitude
of the high pressure during winter and spring over
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Figure 5. Spatial distribution of the Spearman correlation coefficient with the most significant dependences between
pressure parameters and frequency of rain (a—h), wet snow (i—n), and mixed rain and snow (o, p)

the Amundsen Sea, with the most profound im- | marine territories of the Weddell Sea are affected
pact on snow in the summer (Fig. 4m). The bigger | by positive correlations. Thus, an increase in the
part of the AP, the Abbot Ice Shelf, and adjacent | longitudinal position (i.e., eastward shift) of the
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Figure 6. Spatial distribution of the Spearman correlation coefficient with the most significant dependences between pres-
sure parameters and frequency of freezing rain (a—c), ice pellets (d—f), and the period with no precipitation (g—1)

high-pressure center can lead to more snow days;
meanwhile, in some areas of the Weddell Sea, it
could have the opposite effect during the summer.

Overall, the frequency of snow is negatively cor-
related (up to —0.6) with the distance to the low-
pressure center over Thwaites Glacier, the Abbot
Ice Shelf, part of the Filchner-Ronne Ice Shelf,
northern and eastern AP, and the southern part
of the Weddell Sea, both annually and across all
seasons (Fig. 4n).

In addition, during the winter (Fig. 4n) and
spring (Fig. 40), a zone of moderate negative cor-

14

relations forms over the Amundsen Sea, where
the ASL is located, and in adjacent areas such as
the Getz Ice Shelf. This implies that the shorter
distance to the low-pressure center contributes
to the growing frequency of snow. However, the
opposite effect is observed in the marine areas of
the Amundsen and Weddell Seas. These values
of up to 0.5 are typical for the entire year, spring
(Fig. 40), and autumn (Fig. 4p). Therefore, a
shorter distance could cause a decrease in snow.
These regions could be affected by orographical
conditions.
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In contrast to the distance to the low-pressure
center, the distance to the high-pressure center is
likely to have the opposite effect concerning the
AP and nearby territories. Correlations are gener-
ally moderate to moderately high (0.4—0.6), with
the strongest impact on snow frequency during
summer and autumn (Fig. 4q—r). A larger dis-
tance is associated with an increased frequency of
snow events. Notably, a negative correlation zone
(down to —0.5) emerges in summer along the
eastern coast of the AP (Fig. 4q), whereas posi-
tive correlations persist east—northeast of the AP
in winter, spring, and autumn, peaking in autumn
(Fig. 4r). These spatial patterns partly mirror those
linked to the distance from the low-pressure cen-
ter in spring and autumn. However, over the Amund-
sen Sea, the relationship with the high-pressure
center remains positive during winter and spring,
in contrast to the low-pressure signal.

The distance between the lowest and highest
pressures has an inverse effect on the snow fre-
quency only along the eastern marine coast of the
AP during winter, with values up to —0.4. There
is no significant influence either annually or sea-
sonally. The pressure gradient directly affects the
frequency of snow over the Thwaites Ice Shelf,
Pine Island Glaciers, and Abbot Ice Shelf, with
positive correlations for all seasons. Snow days are
more strongly positively influenced by pressure gra-
dients spatially during winter and spring, including
the northern part of the AP. However, during these
seasons, there are also negative relationships up
to —0.5 in the Bellingshausen Sea, and the same
values over Marie Byrd Land, but only in winter.
Positive correlations are found for the area of the
Amundsen Sea on an annual basis and for spring
and summer. It means that an increase in the
pressure gradient predominantly causes a rise in
the frequency of snow, although in some areas it
may have the opposite effect.

The frequency of rain

The frequency of rain shows a moderate to mod-
erately strong association (0.4 to 0.6) with the ASL

central pressure over the Amundsen Sea across
all seasons (Fig. 5a, b). However, there is a nega-
tive correlation near the northern part of the AP
during the winter season. That implies that an in-
crease in low pressure could lead to more frequent
rain. The highest pressure positively influences the
rain occurrence mostly during winter and sum-
mer over the Amundsen Sea (Fig. 5¢), with an
opposite dependence in autumn over the north-
ern part of the Weddell Sea (Fig. 5d).

The longitude of the low-pressure center has a
direct, moderate influence on the rain occurrence
with an annual correlation of 0.4 over most of
the Weddell Sea and adjacent areas of the Bell-
ingshausen Sea near the AP. A similar pattern,
but with smaller spatial coverage, was observed
during the transitional seasons of spring and au-
tumn (Fig. 5e). This suggests that an eastward
shift of ASL can cause an increase in frequency
of rain for the aforementioned regions through-
out the year, in spring and in autumn. In winter,
spring, and summer, the longitudinal position of
low pressure over the Amundsen Sea leads to the
opposite effect, with average negative correlations
up to —0.5.

The frequency of rain is negatively correlated
with the longitudinal position of high pressure
across all seasons, resembling the relationship ob-
served with the longitude of the low-pressure cen-
ter. The strongest influence is also evident in the
spring season, with the occurrence of rain respond-
ing positively to the longitude of the high-pres-
sure center (Fig. 5f). These dependences partially
coincide with the spatial correlations associated
with the longitudinal position of the low-pres-
sure center.

Regarding the distance to the low-pressure cen-
ter, it generally has an inverse effect on rainfall
compared to its longitudinal position. The marine
parts of the Bellingshausen and Weddell Seas near
the AP show negative correlations up to —0.4 an-
nually, during spring (see Fig. 5g) and autumn,
and positive correlations in the Amundsen Sea dur-
ing winter and summer. The frequency of rain had
a negative relationship with the distance to the
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high-pressure center in some areas of the Amund-
sen and Weddell Seas across all seasons, but with
varying spatial coverage. Additionally, in summer,
there is a positive relationship near the eastern
part of the AP (Fig. 5h).

The distance between the lowest and highest
pressures has demonstrated no significant effect
on the rain occurrence, except in some localised
marine areas of the Bellingshausen Sea during sum-
mer. The pressure gradient had a moderate nega-
tive correlation of —0.4 over some localised areas
of the Amundsen Sea across all seasons, except
winter. Also, the frequency of rain positively cor-
relates with pressure gradient in the Bellingshaus-
en Sea during spring and in the northern part of
the Weddell Sea in summer.

The frequency of wet snow

Across all seasons, the lowest pressure in the cen-
ter has average positive impact on the frequency of
wet snow over the marine region of the Amundsen
Sea, governed by the ASL climate pattern (Fig. 5i,
j)- The lower the central pressure, the more frequent
wet snow is. Meanwhile, during winter and spring,
negative correlations (up to —0.5) were detected
over the northeastern regions of the Bellingshaus-
en Sea (Fig. 5j). Similarly to the lowest pressure,
the highest pressure impacts positively on the
frequency of wet snow, being localised in spe-
cific areas over Amundsen Sea (at seasonal basis,
not annual). In the northern part of the Weddell
Sea, an inverse correlation of up to —0.5 was
observed (Fig. 5k); there, an increase in pressure
can lead to a decrease in the frequency of wet
snow (apart from the summer season).

A higher longitude of the low-pressure center
(eastward shift) has a positive effect on the fre-
quency of wet snow over a broad area of the
Weddell Sea, with an average correlation of 0.4
annually. The same pattern, but to a lesser extent,
is common for spring, summer, and autumn
(Fig. 51). During spring and autumn, the longi-
tudinal position of low pressure also influences
the eastern part of the Bellingshausen Sea near

the west coast of the AP. During winter and spring,
the number of days with wet snow shows an av-
erage negative correlation across some locations
in the Amundsen Sea. Thus, an increase in the
longitude of the low pressure could lead to a de-
crease in wet snow occurrence in the Amundsen
Sea. The longitude of high pressure also shows a
direct impact on the frequency of wet snow (sim-
ilar to the longitude of low pressure in spring);
however, the more profound impact is in summer
with correlations up to 0.6 in the Weddell Sea and
near the eastern marine coast of the AP (Fig. 5m).
Similarly to the low pressure, the longitude of
the high pressure has also negative average rela-
tionships in the area of the Amundsen Sea.

The distance to low pressure had a moderate
negative impact (up to —0.5) on the frequency of
wet snow over the eastern Bellingshausen Sea
and the northern Weddell Sea, both annually and
in winter and spring. Meanwhile, for the Amund-
sen Sea, reverse correlations were obtained. The
annual distance to the high pressure has a local
negative influence on the frequency of wet snow
over the Amundsen and Weddell Seas. However,
this impact was observed in the northern part of
the Amundsen Sea and near the AP during sum-
mer and autumn.

The frequency of wet snow weakly correlates
with the gradient between the lowest and highest
pressures. On an annual basis, the gradient be-
tween the lowest and highest pressures produces
the opposite effect on the frequency of wet snow
in parts of the Amundsen and Weddell Seas, with
correlations up to —0.5. Such impact persists in some
localised areas in spring and summer (Fig. 5n),
whereas in winter and spring in the Bellingshaus-
en Sea, there is a moderate positive relationship.

The frequency of mixed rain and snow

Overall, the frequency of mixed rain and snow
weakly correlates with the lowest pressure and its
longitude across seasons, except in some localised
areas on an annual basis. Regarding the highest pres-
sure, some areas of the Amundsen, Bellingshaus-
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en, and Weddell Seas exhibit both moderate pos-
itive and negative correlations in spring and autumn.
The longitude of the highest pressure does not in-
fluence the frequency of mixed rain and snow.
Distances to the low-pressure center and be-
tween the lowest and the highest pressures demon-
strate a positive impact on the frequency of mixed
snow and rain in certain areas of the western
Amundsen Sea, both annually and during winter,
with correlations of 0.4 (Fig. 50). Meanwhile, the
distance to the highest pressure center shows no
influence. The pressure gradient between the lowest
and highest pressures has a positive impact on the
frequency of mixed snow and rain in the southern
Bellingshausen Sea and over areas of the Wed-
dell Sea and near the eastern coastline of the AP

(Fig. 5p).

The frequency of freezing rain

The lowest pressure in the center influences the
frequency of freezing rain mainly in the marine
area of the Amundsen Sea either on an annual or
seasonal basis (Fig. 6a). Overall, the freezing rain
correlates with the highest pressure with the most
significant relationship (up to 0.5) in the eastern
part of the Bellingshausen Sea (Fig. 6b). Thus, low-
er central pressure may result in a reduced frequen-
cy of freezing rain in the Amundsen Sea during
certain seasons, whereas higher pressure — in the
increased frequency in the eastern part of the Bell-
ingshausen Sea near the western coast of the AP
for transition seasons.

The frequency of freezing rain is moderately
positively correlated with both the longitude and
the distance to the low-pressure center in spring,
but in different regions: correlations of 0.4 over
the Weddell Sea for the longitude and 0.5 over the
Amundsen Sea for the distance to the ASL cen-
ter. There is also a moderate link for the autumn
for the latter characteristic (Fig. 6¢). It should be
noted that the distance to high pressure does not
have any significant impact on the frequency of
freezing rain. The same is relevant for the dis-
tances to the high-pressure center and between

the lowest and the highest pressures, as well as
for their pressure gradient (except for localised
areas in the Amundsen Sea in spring).

The frequency of ice pellets

The lowest pressure center exerts a moderate in-
fluence on the frequency of ice pellets in the north-
ern parts of the Amundsen and Bellingshausen
Seas, demonstrating a negative relationship of —0.4
for both annual and seasonal values (Fig. 6d),
except in summer. Therefore, a deepening of the
low pressure in the center may induce an increase
in the frequency of ice pellets over the northern
areas of the aforementioned seas. Additionally, in
winter, some areas with positive correlations are
seen in the central part of the Amundsen Sea.
There is a similar pattern for the highest pressure
in the center, but for winter and summer.

The longitudinal positions of the low- and high-
pressure centers have an average influence on ice
pellets only in winter, but with the reverse corre-
lation of —0.4 (Fig. 6¢) in the same region, in con-
trast to the effect of the central lowest pressure.
Also, during spring, there are scattered spots with
positive correlations in the Weddell Sea. The dis-
tance to low pressure has an effect on the fre-
quency of ice pellets similar to that of the lowest
pressure in the center; however, it holds only for
winter. Meanwhile, the distance to high pressure
in winter shows a positive correlation (around 0.4)
in the northern part of the Amundsen Sea that
has a pattern similar to the longitudinal position
of the high pressure. For autumn, there are neigh-
bouring areas in the Weddell Sea with contrasting
influence: —0.4 in the northern sector near the
AP and 0.4 in the more southern sector (Fig. 6f).
The frequency of ice pellets shows either no cor-
relation or only weak correlations with the pres-
sure gradient between the lowest- and highest-
pressure centers, as well as with their distance.

Frequency of periods with no precipitation

The most pronounced and contrasting effect of
the lowest pressure on precipitation-free periods
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is observed in summer (Fig. 6g). Notably, a deep-
ening pressure may contribute to the shortening
of the no-precipitation period with moderate-high
correlations up to 0.7 in areas adjacent to the Bell-
ingshausen Sea near the west coast of the AP and
to the north of it. Meanwhile, near the northeast-
ern coast of the AP, the influence is opposite. Thus,
a pressure decrease causes a reduction in the fre-
quency of no-precipitation periods. It can also be
related to the AP orography. The highest pressure
in the center exerts a direct impact on the pre-
cipitation-free period more in autumn and over
the Weddell Sea (Fig. 6h). The longitudinal posi-
tions of the low- and high-pressure centers both
affect the no-precipitation period in opposite ways,
but during different seasons: the low-pressure cen-
ter in winter and the high-pressure center in sum-
mer with correlation up to —0.5 (Fig. 6i, j). Thus,
the higher longitudes of these pressures cause a
decline in the no-precipitation period, but for
different seasons. Distance to the low-pressure
center during winter has a positive impact with
correlations up to 0.6 on the frequency of peri-
ods with no precipitation in the southern part of
the AP and the Abbot Ice Shelf and the southern
Weddell Sea (Fig. 6k). The longer the distance,
the longer the precipitation-free period. The dis-
tance to high pressure has an opposite influence
on this meteorological characteristic over all the
AP and the adjacent northeastern marine areas of
the Weddell Sea during autumn (Fig. 61). Con-
sequently, a shorter distance to the high-pressure
center results in a higher frequency of the no-pre-
cipitation period.

3.3.2 Impact of pressure parameters
on near-surface air temperature and dew point

The correlations between pressure parameters and
near-surface air temperature and the dew point
were generally weak to moderate and varied across
seasons. Overall, annual near-surface temperature
has shown a small direct association with the low-
est pressure in the center (Fig. A2a). However,
moderate correlations are found in specific areas

of the ASL, as well as in the eastern part of the
Bellingshausen Sea close to the AP. Thus, in some
separate areas, the deepening of the low pressure
can lead to a slight increase in air temperature
on an annual basis (Fig. A2a). Meanwhile, there is
no significant link between seasonal values. At the
same time, the highest pressure has an opposite
effect in the Weddell Sea and adjacent continen-
tal territories of Dronning Maud Land, including
an area to the south from the AP (Fig. A2b). For
the transition seasons (spring and autumn), mod-
erate negative correlations are also observed in dif-
ferent locations. For the autumn, most correla-
tions are associated with the northern parts of
the Amundsen and Bellingshausen Seas, Abbot Ice
Shelf, and Pine Island Glaciers (Fig. A2c). Thus,
in high latitudes, higher pressures correspond to
lower temperatures.

The annual longitude of low pressure exerts
both weak and moderate impacts on the 2-m air
temperature. The most profound effect with a
value of 0.4 is for the western part of the Amund-
sen Sea, Getz Ice Shelf, Mary Byrd Land, and
the marine coast of the Weddell Sea (Fig. A2d).
The seasons showed either no connection or a very
weak one. The exception occurred in summer,
when the longitude of the high pressure positively
affects the near-surface temperature of Dronning
Mode Land, especially along the marine coast
(Fig. A2e).

The annual distance to the low-pressure cen-
ter has a positive dependence on the 2-m air tem-
perature, with a value of about 0.4 only in the
western part of the Amundsen Sea, the adjacent
Getz Ice Shelf, and Marie Byrd Land (Fig. A2f).
For the summer, such positive relationships are
defined for marine areas to the northeast of the
AP and in the Amundsen Sea (Fig. A2g). This im-
plies that a greater distance to the low-pressure
center induces the annual temperature increase
and vice versa. Meanwhile, a bigger distance to
the high pressure might contribute to decreasing
air temperature for the eastern part of the Wed-
dell Sea with coastline in winter and summer
(Fig. A2h, i).
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The spatial distribution of correlations for the
dew point often shows patterns similar to those
for the air temperature; however, some depen-
dencies are more or less pronounced. Overall, the
lowest central pressure itself makes a weak posi-
tive impact on the dew point annually. Moderate
correlations were observed only in some spots of
the ASL location and near the western part of the
AP (Fig. A2j). The same is also relevant for the
winter season. Compared with its association with
the minimum pressure, the highest pressure exerts
a more significant spatial influence, exhibiting a
moderate negative correlation both annually and
during the spring and autumn transitions (Fig. A2k).
It covers rather big areas, especially on the an-
nual scale, including the Weddell Sea and adja-
cent continent territories to the south of the AP
and Dronning Maud Land. A stronger air pres-
sure leads to stronger downward air movements
and a lower dew point. During the transitional
seasons, such spatial relationships are more het-
erogeneous, as shown for autumn.

Overall, the annual 2-m dew point demonstrat-
ed positive weak and moderate correlations (with
values up to 0.4) with the longitudinal position
of the low-pressure center that, for this particu-
lar region, is associated with the climate pattern
of ASL, including the nearby Getz Ice Shelf and
Mary Bird Island (Fig. A2l). It means that shift-
ing the ASL center towards the east causes the
growth of 2-m dew points (for the annual scale).
The longitude of high pressure has shown a pos-
itive mean impact on the 2-m dew point only in
summer along the marine coast of the Weddell
Sea and in Dronning Maud Land (Fig. A2m).

The distance to the low-pressure center moder-
ately affects the 2-m dew point with positive cor-
relation in the field of ASL location (Fig. A2n).
During the summer, the distance to the low pres-
sure (Fig. A20) demonstrated the opposite effect
in the northeastern marine area near the AP com-
pared to the center’s longitude. For the distance
to high pressure, negative relationships have been
detected only in the eastern localised marine area
of the Weddell Sea during winter and along its

coastline during summer (Fig. A2p). The latter
outcome is the opposite of the obtained positive
links found with the longitude of high pressure
(see Fig. A2m) and at the same time resembles
the spatial pattern for the 2-m air temperature.

The distance between the lowest and highest
pressures demonstrated opposite effects and dif-
ferent spatial impacts on the 2-m dew point during
the spring and summer seasons. For spring, we
detected correlations up to —0.4 for the southern
marine areas of the Amundsen Sea, the adjacent
Getz Ice Shelf, Marie Bird Land, the southern
waters of the Weddell Sea, and the area to the
south of the AP (Fig. A2q, r). In contrast, the 2-m
dew point in summer has a positive link with the
maritime area of the Weddell Sea, east of the AP.
This suggests that the decrease in distance between
the lowest and highest pressures resulted in the
growth of the 2-m dew point in the above men-
tioned regions for spring. The inverse dependence
was observed in the northwestern part of the Wed-
dell Sea near the AP for summer.

The gradient between the lowest and the high-
est pressures (Fig. A2s) showed negative correla-
tions (up to —0.4) with the 2-m dew point on an
annual basis. It implies that the 2-m dew point
variability depends on the highest pressure, espe-
cially over the Weddell Sea and adjacent territo-
ries such as AP and Dronning Maud Land. More-
over, the dependence of the 2-m dew point on
the highest pressure determined its dependence on
the pressure gradient. Throughout the summer sea-
son, the negative correlation persists in the Wed-
dell Sea, reaching even stronger values of up to
—0.5 in some areas.

3.3.3 Impact of pressure parameters
on wind components

Similarly to the air temperature and dew point,
there are moderate and weak correlation coeffi-
cients between pressure parameters and wind com-
ponents. Generally, there are no significant rela-
tionships between the wind’s u-component and the
lowest and the highest pressures. However, lo-
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calised positive moderate correlations up to 0.4
were found annually along the eastern coast and
on the south of the AP (Fig. A3a, b). Also, changes
in the u-component are not strongly associated
with the longitudes of either low- or high-pres-
sure centers (Fig. A3c), except for summer when
negative correlations appeared to the south from
the AP and on the eastern part of the Weddell Sea,
Dronning Maud Land (Fig. A3d).

The distance to the low-pressure center affects
the u-component of wind, with a positive connec-
tion on the marine coast of the Getz Ice Shelf
and Mary Bird Island for annual values (Fig. A3e)
and for the Dronning Maud Land in summer.
The high-pressure center has an average positive
impact on the u-component of the wind in the
eastern coastline of the Weddell Sea during the
winter season (Fig. A3f).

In the spring season, the greater the distance
between the lowest and highest-pressure centers,
the greater the increase in the u-component of
the wind (western winds) in the localised areas of
the Amundsen Sea and the southern part of the
Weddell Sea, which is supported by correlations
of up to 0.4 (Fig. A3g). In contrast to the relation-
ship with the distance between the lowest- and
highest-pressure centers, the u-component demon-
strates a reverse moderate negative dependence
on the pressure gradient along the narrow marine
coast of the Weddell Sea, both in summer and on
an annual basis.

The wind’s 10-m v-component has no significant
spatial link with the minimum central pressure,
either annually or seasonally (for example, see
Fig. A3h). Contrary to that, these relationships are
found for the maximum central pressure (up to —0.4)
in the western part of Marie Byrd Land annually
and along the coast to the south from the AP an-
nually and in spring) (Fig. A3i). This fits with the
intensification of the high-pressure center causing
a decrease in the v-component (more northern winds)
in the western regions and an increase (more south-
ern winds) near the AP, respectively.

The wind’s v-component generally shows no or
a very weak correlation with the longitudinal po-

sition of the minimum pressure center (Fig. A3j),
except for the transitional seasons having nega-
tive dependences in the sectors to the south of
the AP and in the western part of the Amundsen
Sea (Fig. A3k).

The distance to the low pressure causes mod-
erate changes (approximately with correlation up
to 0.4) in the wind’s v-component over the west-
ern parts of the Getz Ice Shelf and Marie Byrd
Land on an annual basis (Fig. A3l). This is expect-
ed, as this region is influenced by the ASL climate
pattern. Additionally, during the winter season, a
localised area with negative values appears in the
Weddell Sea near the eastern coastline of the AP.
The v-component showed a localised positive cor-
relation with distance to the high-pressure center
in winter, particularly near the western side of
the AP.

Links between the v-component and the distance
between areas of the lowest and highest pressures
are generally weak, with the exception of the south-
eastern part of the AP (Fig. A3m). In contrast,
the pressure gradient has a greater impact on the
near-surface v-component in some areas for an-
nual characteristics. Overall, annual dependency
has rather mosaic moderate correlations (Fig. A3n).
Relationships are negative in the west of the Getz
Ice Shelf and Marie Byrd Land in some locations,
indicating that a larger pressure gradient leads to
a decrease in the wind’s v-component (less south-
ern winds). In contrast, positive relationships are
observed along the southern marine coastal sector
of the AP. In this case, a stronger pressure gradient
results in a growing v-component in these specific
zones. To the east of the AP, near the coastline,
both negative and positive moderate annual cor-
relations are found. However, seasons showed weak
statistical relationships.

4 Discussion

This study was conducted to estimate relationships
between pressure parameters and meteorological
characteristics, which may improve the quality of
weather forecasting and enhance the understand-
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ing of atmospheric processes, particularly in the
Antarctic region, which remains insufficiently ex-
plored due to the scarcity of meteorological ob-
servations.

As shown in our analysis, the climatic pressure
dipole consisting of the ASL and the high-pres-
sure area in the western Weddell Sea plays a sig-
nificant role in weather variability over the AP and
adjacent marine regions. Their interaction is par-
ticularly important in West Antarctica and the AP,
where thermodynamic processes are the main con-
tributors (Turner et al., 2025; Wang et al., 2025).
It has been suggested that the ASL itself results
from the interaction between Antarctic topogra-
phy and the westerly wind jet (Goyal et al., 2021),
and that it is deepening (Raphael et al., 2016). Our
analysis confirmed this, showing that ASL deep-
ening is the only statistically significant trend among
a range of pressure parameters.

Wang et al. (2021) demonstrated that a deeper
ASL is associated with increased rainfall in the
Amundsen and Bellingshausen Seas. However, our
results suggest a more complex pattern, which we
attribute to two additional features beyond ASL
depth: its geographical location and the distance
of a region from the low-pressure center. Specifi-
cally, closer to the ASL, snowfall can increase over
marine areas, whereas nearer the AP, precipita-
tion tends to shift to mixed or liquid phases, and
overall precipitation becomes more frequent. This
indicates that the influence of the ASL on mete-
orological conditions is not spatially homogeneous
and varies by season (Raphael et al., 2019). More-
over, regional pressure patterns that strongly im-
pact weather are themselves driven by larger-scale
processes (Lim et al., 2016; Orr et al., 2023).

Considering these results, the possible biases
in the representation of precipitation types in ERAS
should be taken into account. While the general
distribution and dependencies are unlikely to be
strongly affected, certain features and quantitative
estimates may be biased. These biases may be re-
lated both to precipitation parameterisations and
to the representation of temperature conditions
(Vignon et al., 2021). The latter is particularly im-

portant for the indirectly estimated precipitation
types such as wet snow, freezing rain, snow pel-
lets, and mixed precipitation. In particular, biases
in determining the melting layer and in estimat-
ing liquid water content may be among the main
reasons for the occurrence of biases in the quan-
tification of precipitation types (ECMWE, 2025b).
Overall, the longitudinal position of the ASL af-
fects the spatial distribution of thermal regimes
across West Antarctica and the AP (Clem et al.,
2017). Previous research (Pysarenko et al., 2023)
identified several key dependencies: a westward
ASL shift decreases precipitation over the Amund-
sen Sea and increases it over the AP; ASL deep-
ening reduces precipitation over the Getz Ice Shelf
but enhances it over the western AP. The results
presented here expand on those findings, revealing
additional dependencies crucial for weather for-
mation over the Amundsen and Bellingshausen Seas,
including the coastal areas of West Antarctica.

The AP acts as a barrier that modifies precipi-
tation formation depending on its windward and
leeward sides (Turner et al., 1998). Differences in
snowfall formation have been linked to frontal
depressions and to northern flow under blocking
conditions. We also identified a chain-like inter-
action between the ASL and regional meteorol-
ogy: the ASL affects winds northwest of the AP,
which in turn modulate foechn winds and advec-
tion, leading to air temperature changes, includ-
ing those responsible for warming (Zhang et al.,
2021). Depending on pressure configurations, how-
ever, cooling effects may also arise from other
wind directions.

The spatial configuration of the climatic dipole
further contributes to extreme events. For instance,
pressure patterns favourable for the formation of
Antarctic atmospheric rivers often trigger large
precipitation events (Wille et al., 2021). Warm-air
intrusions increase the frequency of rainfall days
over the western AP, whereas in the eastern AP,
rainfall is less frequent (Vignon et al., 2021). West-
erly winds in the region can develop into two dis-
tinct regimes — “blocked” and “flow-over” — both
of which act as warming mechanisms (Orr et al.,
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2008). Conversely, anomalous southerly winds ad-
vect colder and drier air into the Bellingshausen—
Weddell Seas and the AP, reducing precipitation
(Chen et al., 2023). These pressure-driven pro-
cesses also affect sea ice: for example, a negative
correlation has been reported between moisture
sinks and sea-ice concentration (Reboita et al.,
2019). This implies that the observed changes in
precipitation amount and phase may cause sig-
nificant variability in sea ice across the region.
Among the factors influencing precipitation,
orography is particularly important. For example,
steep terrain can intensify the rainfall events due
to the interaction of atmospheric rivers with com-
plex orography (Gilbert et al., 2025). In contrast,
higher temperatures are frequently associated with
orographic influences via foehn warming with less
precipitation (Turner et al., 2021). Orography
appears to be crucial for the spatial distribution
of freezing rain and ice pellets. Although these
phases occur infrequently, our results show that
they strongly depend on the orography of the AP.
The formation of freezing rain in polar regions
requires warm-air advection combined with oro-
graphic effects (Kochtubajda et al., 2017). Although
that study was conducted in the Arctic, the north-
ern AP exhibits similar conditions favourable for
freezing rain. Ice pellets, by contrast, require re-
freezing processes (Tobin et al., 2023), which can
also occur over the complex orography of the AP.

5 Conclusions

This study, based on the ERAS reanalysis, fo-
cused on analysing the spatio-temporal patterns
of meteorological variables and precipitation types
in relation to the climatic pressure dipole (the ASL,
with a climatological mean MSLP of 980 hPa,
and the relatively high-pressure area over the Wed-
dell Sea, with a mean MSLP of 990 hPa). Despite
variability in the endpoints’ locations, the dipole
forms an average pressure gradient of 6.42 hPa
per 1000 km, which defines the intensity of atmo-
spheric zonal winds and meridional air penetration.
No clear interannual tendencies were detected in

the pressure parameters, except for a slight deep-
ening of the ASL in recent decades.

The interaction between these relatively stable
pressure patterns and the ocean—land distribution
produces spatial variations in the thermal and wind
regimes across the Amundsen—Bellingshausen—
Weddell Seas domain. Consequently, precipita-
tion types in the region are typically dominated
by snow, with lower precipitation frequency in the
interior of the continent and more frequent rain-
fall in the north. The presence of the AP further
modulates precipitation distribution, contribut-
ing to an increased frequency of ice pellets and
freezing rain, and a lower frequency of wet snow,
particularly on its north-eastern side.

The ASL variability corresponded to changes
in the frequency of snow, wet snow, and rain.
Under a deeper ASL, the frequency of snowfall
increases over the Amundsen and Bellingshausen
Seas (while rainfall decreases), and precipitation
shifts from snow to wet snow near the AP. A strong
relationship was found between precipitation oc-
currence over the Weddell Sea and high pressure
near the eastern part of the AP. The higher the
pressure, the less precipitation is observed, especial-
ly during the transition seasons, with a significant
decrease in snowfall and wet snow over the Wed-
dell Sea and south of the AP, and a decrease in
rain and freezing rain to the northeast of the AP.

Eastward shifts of the ASL, closer to the AP,
led to increased snowfall over the Amundsen Sea
and in the southern part of the AP, and to increas-
es in rain and wet snow to the north and north-
east of the AP. When the center of high pressure
shifted eastward from the AP, precipitation over
the Weddell Sea increased, mainly in the form of
rain and freezing rain, with snow over marine ar-
eas often replaced by wet snow. In this situation,
however, snowfall increased over the southern part
of the AP. In general, more snow was observed
in areas closer to the local pressure extrema: over
the Amundsen Sea, closer to the ASL, and near
the AP, closer to high pressure. Specifically, the
closer the high-pressure center is located to the
north of the AP during autumn, the more ice pel-
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lets occur in the region of their maximum frequen-
cy near the AP. Moreover, the closer the loca-
tion and the stronger the pressure gradient in the
region, the more snowfall occurred, especially
over the Bellingshausen Sea.

In comparison to precipitation changes that
respond strongly to the variability of the climatic
pressure dipole, near-surface meteorological pa-
rameters exhibited less pronounced effects. In gen-
eral, the deepening of the ASL tends to lower the
air temperature and the saturation point over the
eastern Bellingshausen Sea; however, ASL’s east-
ward displacement mainly results in warmer con-
ditions across the study region. A ridge of high
pressure east of the AP can significantly influence
the thermal regime over the Weddell Sea and Dron-
ning Maud Land. In particular, colder conditions
occur during periods of stronger pressure and its
westward shift toward the AP. When the distance
between the ASL and local high pressure over the
Weddell Sea decreases, warmer conditions are ob-
served across several regions, including the Getz
Ice Shelf, Marie Byrd Land, the southern Wed-
dell Sea, and areas south of the AP.

The most stable relationships for wind param-
eters were detected with the high pressure over
the western Weddell Sea and with atmospheric
circulation around the AP. Higher pressure was
associated with the intensification of southerly and
westerly winds in the southern part of the AP.
The dependencies with the ASL were mostly re-
lated to the distance from the pressure center, with
greater distances resulting in stronger westerly and
southerly winds along the marine coast of the Getz
Ice Shelf and Marie Byrd Land. However, addi-
tional smaller-scale dependencies were also iden-
tified, typically characteristic of certain seasons.

The obtained results can contribute to a better
understanding of precipitation variability in the
region. The present study, together with previously
obtained results (Pysarenko et al., 2023), provides
a detailed historical analysis that can serve as a basis
for future investigations of precipitation changes,
complementing existing analyses based on CMIP6
projections (Bracegirdle et al., 2020). As a signifi-

cant factor influencing ecosystem formation in
maritime Antarctica, precipitation variability in
the region may also support studies of ice-shelf
vulnerability in the Antarctic Peninsula (ViSnjevié¢
et al., 2025).
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3B’A30K MiK MiHJIMBICTIO MOroJM Ta KJIIMATHYHUM JHIO0JIEM aTMOCHEPHOTO THCKY
B AHTapKTHYHOMY perioHi MopiB AMyHaceHa, Bemincraysena ta Bennenna

Jlapuca Ilucapenko > *, Muxaiino Casenenp', Iennc ITimmusk?
! YKpaiHChKUii TimpomMeTeopooTiyHuil iHCTUTYT JepkaBHOi ciayx0u YKpainu
3 HaJ3BUYalHUX cuTyaliii Ta HauioHanbHoi akagemii Hayk Ykpainu, M. Kuis, 03028, Ykpaina
2 lepxaBHa ycraHoBa HauioHanbHUIT aHTapKTUYHKUI HaykoBuil LeHTp MOH Ykpainu,
M. Kuis, 01601, Ykpaina
* ABTOp A1 KopecnoHeHnii: lolinal@ukr.net, larpys@uhmi.org.ua

Pedepar. Kitimatnunuii 1unosib atMochepHOro TUCKY, 110 cpOpMOBAHUI MMOJEM HU3bKOTO TUCKY MOPsSI AMYHICeHA
(TMA) Ta 06y1acTIO BUCOKOTO TUCKY Ha CXiJl Bill AHTapKTU4YHOTO miBocTpoBa (All), € oqHUM i3 TOJJOBHMX YNHHMKIB
MOTOHOT MiHJIMBOCTI y 3axigHiit AHTapkTuai Ta perioHi AIl. B ymoBax nmoTtouyHux KiaiMaTMUYHUX 3MiH POJIb 1€l KOH-
(irypatiii TUCKY YacTO 3aIMIIAETHCS HeBU3HaYeHO. BukopucrtoBytoun aaHi peaHanizy ERAS 3a 1991—2022 pp., mu
TIOCTIIVIM BiATYK Pi3HOTO (Da30BOro CTaHy OIAMiB Ta IIPU3EMHUX METEOPOJIOTIYHUX MOJIB Ha Bapiallil KJIIIMAaTUIHOTO
nurofsg Tucky. [locunenHs Ta cxigHe 3milneHHs1 TMA 3yMOBIIOBaIM 3pOCTaHHS KiIbKOCTI CHIromaaiB Hag MOPSIMU
AmyHnceHa i bestiHcrayzeHa, 0coOJIMBO MOOIM3Y CaMOro LIEHTPY HU3bKOrO TUCKY, TOAi K oranu Oinst AIl manu
TEHIIEHIIil0 TIEPeXOIUTH 3 TBEPAUX y 3MilllaHi abo piaki da3u. [TocuieHHs BUCOKOTO TUCKY Hajl 3aXiTHOI YaCTUHOIO
Mops Bennenna, oco6imBo y Butaakax ioro 3MmiteHHs oskue g0 All, Oyino nmoB’si3aHe i3 3araibHUM 3MEHIIEHHSIM
KiJIbKOCTi OmajiB, MPOTe CYMPOBOKYBAIOCS YaCTIlIMMU BUIIaJKaMU JIbOASHOTO JIOILY Ta KPUXKaHOT KPYIU HaJl TiB-
HiuHO-cXximHo0 yacTrHoIo All. 1li 3B’43k1 Manm BupaxkeHy IIPOCTOPOBY HEOMHOPIAHICTD i YiTKy Ce30HHICTh. [Ipn3emHi
METEOPOJIOTiUHI MapaMeTpu 3arajoM AEMOHCTPYBaIM cJIallily peakililo Ha JUMOJIb TUCKY, HixX onaau. IlornubiaeHuit
TMA 3a3Buyaii Npu3BOAMB 0 3HWXKEHHSI MPU3EMHOI TEMIIEpaTypy MOBITPs Ta TeMIIepaTypu TOUKU POCU Hal CXif-
HOIO YacTMHOIO Mopsl bemtiHcrayseHa, ToAi gK WOro CXigHe 3MIlIEHHS MPU3BOAWIIO A0 TEIUIIIMX YMOB y MexXax
JOCHiIKyBaHO1 o0sacTi. [pediHb BUCOKOTO THCKY, po3TallioBaHOTO Ha cXif Bix All, icTOTHO BIIMBaB Ha TEPMIiUHUIA
pexxuM Han MopeM Benmerna ta 3emuti KoposneBu Mogp i OyB moB’si3aHmii 3 iHTeHCHUiKAlIi€Io MiBASHHUX i 3aXiTHIX
BiTpiB y miBoeHHii yacTuHi AlIl. 3aramom, 1ie JOCTIIKEHHS PO3LIMPIOE PO3YMIHHS TOTO, SIK IIPU3EMHI METeOpOJIO-
TiYHi YMOBHU y 3axigHiii AHTapKTUIiI pearyloTh Ha Bapiallii perioHaJbHOTO AMUIIOJS aTMOC(EPHOIo TUCKY.

Kimouosi cioBa: AHTapkTHIa, aTMOC(HEPHUI TUCK, METEOPOJIOTIYHI XapaKTepUCTUKH, OIaau, 1Mojie HU3bKOTO TUCKY
MODsSI AMYHJICEHA, peaHai3
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Figure Al. Time series of the monthly values and linear trends for pressure in the centers (a), their longitudes (b), dis-

tance between centers of the pressure systems (c) and spatial pressure gradient (d) for 1991—2022
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Figure A2. Spatial distributions of the Spearman correlation coefficient between the pressure parameters and 2-m air

temperature (a—i) and dew point (j—s)
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Figure A3. Spatial distribution of the Spearman correlation coefficient between pressure parameters and the 10-m

u- (a—g) and v- (h—n) components of wind

ISSN 1727-7485. Yipaincokuii anmapkmumnuil wcypran, 2025, T. 23, Ne 2, https.//doi.org/10.33275/1727-7485.2.2025.748 29


https://doi.org/10.33275/1727-7485.1.2025.000

