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ABSTRACT

We show that low-level jets (LLJs) occurred in 11 out of 22 radiosonde profiles in late austral summer over the coastal
region of the Amundsen Sea Embayment, with ten of the LLJs directed offshore. The LLJs had core speeds from 9 to
32 m s, jet core heights from 80 to 800 m, and were associated with strong, low-level temperature inversions. Seven of
the observed offshore LLJs were reasonably simulated by the polar-optimized Weather Research and Forecasting (Polar
WRF) model, with output from the model subsequently used to elucidate their generation mechanisms. This study shows
that one of the offshore LLJs simulated by the Polar WRF was caused by katabatic winds, while the remaining six were
caused by the enhancement of katabatic winds by synoptic forcing in response to a low-pressure system over the
Bellingshausen Sea, i.e., the offshore wind component associated with this system plays a crucial role in the enhancement
of the katabatic LLJ. Examination of the Polar WRF output further shows that the LLJs extended over large areas of the
Amundsen Sea Embayment, resulting in substantially enhanced near-surface wind speeds over both the Thwaites and Pine
Island ice shelves, as well as the open ocean over the continental shelf. The wind-driven forcing associated with the LLIJs
could perhaps have important impacts on the redistribution of snow over the ice shelves significantly, as well as to affecting
sea-ice and ocean circulation variability, including the transport of relatively warm water over the continental shelf to the
ice shelf cavities and extension basal melting.

Key words: low-level jets, temperature inversion, katabatic winds, synoptic forcing, Amundsen Sea Embayment, Pine
Island Glacier, Thwaites Glacier

Citation: Chittella, S. P. S., A. Orr, and P. Deb, 2025: Radiosonde measurements and Polar WRF simulations of low-level
wind jets in the Amundsen Sea Embayment, West Antarctica. Adv. Atmos. Sci., https://doi.org/10.1007/s00376-025-4398-5.

Article Highlights:
¢ Low-level wind jets (LLJs) occur in the Amundsen Sea Embayment, including over the Thwaites and Pine Island ice

shelves and the open ocean.

¢ The LLIJs are caused by katabatic winds, as well as the enhancement of katabatic winds by synoptic forcing.

1. Introduction

Low-level jets (LLJs) are a relatively common feature
within the stably stratified atmospheric boundary layer of
the polar regions and are defined as a maximum in the vertical
profile of the horizontal wind speed (e.g., Heinemann and
Rose, 1990; Andreas et al., 2000; Renfrew and Anderson,
2006; Seefeldt and Cassano, 2008; Vihmaet al., 2011; Tastula
et al., 2012; Ebner et al., 2014; Tuononen et al., 2015; Jones
et al., 2016; Heinemann and Zentek, 2021). The strong verti-
cal wind shear associated with LLJs can influence the turbu-
lent structure of the boundary layer and hence the exchange
of momentum, heat, and moisture between the atmosphere
and the surface (e.g., Heinemann and Rose, 1990; Smedman
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etal.,, 1993; Owinoh et al., 2005; Webber et al., 2017).
These LLIJs can exist over relatively narrow regions that
extend for many hundreds of kilometers, which can influence
sea ice and ocean circulation variability (Langland et al.,
1989; Webber et al., 2017; Guest et al., 2018; Wang et al.,
2021), as well as the horizontal transport of heat and moisture
by the atmosphere (Higgins et al., 1997; Seefeldt and Cas-
sano, 2008). They also often occur in the presence of strong,
low-level temperature inversions (e.g., Andreas et al., 2000;
Renfrew and Anderson, 2006; Vihma et al., 2011; Jones
et al., 2016; Heinemann and Zentek, 2021; Orr et al., 2021).

In the Antarctic, LLJs can occur due to localized kata-
batic winds that form over the slopes of its ice sheets and
glaciers (Heinemann, 1999; Renfrew and Anderson, 2006;
Ranjha et al., 2013; Heinemann and Zentek, 2021). Katabatic
winds can also extend far away from the slope region, includ-
ing over ice shelves and the open ocean (Bromwich et al.,
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1994; Wang et al., 2021). For example, Heinemann and Zen-
tek (2021) showed that LLJs associated with katabatic
winds can occur with frequencies as high as 70% over the
Weddell Sea sector of Antarctica during winter and can last
for several days and have speeds between 10-20 m s~! and
heights mostly below 200 m. Also, in the Antarctic, the off-
shore wind component associated with the southern or west-
ern flanks of synoptic-scale and mesoscale cyclones can
play a crucial role in the enhancement of katabatic winds,
resulting in the generation of severe strong wind events
(Parish and Bromwich, 1987; Van den Broeke and Van
Lipzig, 2003; Steinhoff et al., 2008; Turner et al., 2009; Orr
et al., 2014; Chenoli et al., 2015).

The Amundsen Sea Embayment sector of West Antarc-
tica is recognized as an important area for katabatic wind con-
vergence (e.g., Parish and Bromwich, 1987; Yu and Zhong,
2019) and the formation of LLJs (Jones et al., 2016). This
region is also important because it drains a large part of the
West Antarctic Ice Sheet into the ocean. For example,
despite their small size, a substantial amount of ice discharge
drains into the Amundsen Sea through ice streams such as
the Pine Island and Thwaites glaciers (Mouginot et al.,
2014; Turner et al., 2017). In recent decades, the ice discharge
from outlet glaciers such as these has accelerated due to
increased thinning of the ice shelves that buttress them, result-
ing in rising sea levels (Mouginot et al., 2014; Reed et al.,
2024). These changes in ice shelf melting are due to
increased incursions of relatively warm water onto the conti-
nental shelf of the Amundsen Sea Embayment, which is
forced by changes in the regional atmospheric circulation
over the continental shelf edge region (Jacobs et al., 2011;
Pritchard et al., 2012; Jenkins et al., 2016). However, a thor-
ough understanding of the local wind forcing over the conti-
nental shelf region of the Amundsen Sea Embayment in
response to katabatic LLJs and their enhancement by synop-
tic-scale forcing is currently lacking, despite the possible
influence that this could have on driving local oceanic vari-
ability and the transport of relatively warm water over the con-
tinental shelf to the ice shelf cavities, and by extension basal
melting (Turner et al., 2017; Webber et al., 2017).

Radiosonde-based profiles of the atmosphere have been
used in many studies to identify the occurrence and properties
of LLIJs in polar regions (e.g., Andreas et al., 2000; Vihma
etal.,, 2011; Jones et al., 2016). However, these measure-
ments are limited to a relatively small area and also are
often only available from occasional research campaigns.
Therefore, output fromregional climate model (RCM) simula-
tions, which include comprehensive spatial and temporal cov-
erage, are also employed to investigate LLJs, including their
climatological characteristics (Seefeldt and Cassano, 2008;
Tastula et al.,, 2012; Ebner et al., 2014; Tuononen et al.,
2015; Heinemann and Zentek, 2021). Moreover, the smaller
grid spacing employed by RCMs allows an improved repre-
sentation of the critical dynamical and physical processes
responsible for LLJs, such as the stably stratified boundary
layer and the complex and steep coastal orography of Antarc-
tica (Orr et al., 2014).

This study uses radiosonde profiles of temperature and
wind from the coastal region of the Amundsen Sea Embay-
ment that includes the Pine Island and the Thwaites glaciers
to gain a better understanding of how frequent LLIJs are in
this region, as well as some of the properties of the jets and
their associated temperature inversions. The measurements
are further used to assess the representation of LLJs in an
RCM simulation using the polar-optimized Weather
Research and Forecasting (Polar WRF) model. Finally,
results from the Polar WRF simulation are used to investigate
the generation mechanisms associated with the observed
LLJs, with a special focus on the enhancement of katabatic
LLJs by synoptic-scale forcing. Finally, as well as being of
use in understanding the local wind regime, our results are
also helpful in improving the ability of weather forecasters
to predict severe and hazardous wind events to ensure the
safety of aircraft, which are used for scientific and logistical
operations in this area.

The remainder of this paper is structured as follows. Sec-
tion 2 describes the data, model and methodology. Section 3
presents the results, and section 4 provides a discussion and
a conclusion.

2. Data, model, and methods

A set of 38 radiosondes were launched during the
cruise over the continental shelf region of the Amundsen
Sea between 1 February 2014 and 4 March 2014 by the
research vessel James Clark Ross [see Fig. 1 of Jones et al.
(2016)]. Typically, one radiosonde was launched each day
at around 1200 UTC, with the exception of three days that
included several launches (on 13, 18, and 23 February
2014). This study uses data from 22 of these radiosondes
that were chosen because they were launched around the
coastal regions (see Fig. 1 for locations) and thus are more
likely to be influenced by katabatic winds. Full details of
the radiosonde launches are included in Jones et al. (2016).
Note that low concentrations of sea ice occurred during the
cruise over the period of interest (Jones et al., 2016).

The RCM simulation uses version 3.5.1 of Polar WRF,
which was shown by Deb et al. (2016) to realistically simulate
summer near-surface meteorological conditions over the
Amundsen Sea Embayment. The model's inner domain
includes the Amundsen Sea Bay sector at a grid spacing of
15 km, which is nested within a larger domain that includes
much of West Antarctica and the adjacent ocean at a grid
spacing of 45 km. Both domains have 70 vertical levels
between the surface and the model lid at 10 hPa, with nine
vertical levels between the surface and a height of around
1500 m. The model employed physics options that include a
boundary layer scheme, which is particularly important for
representing LLJs and temperature inversions (Tastula
et al., 2012). Here, we use the Mellor-Yamada-Janjic bound-
ary scheme (Janjic, 2002), which was shown by Deb et al.
(2016) resulted in a much improved diurnal representation
of temperature and wind observations over the Amundsen
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Fig. 1. Map of the coastal region of the Amundsen Sea
Embayment showing the locations of the 22 radiosonde
profiles examined in this study, as well as Thwaites and Pine
Island glaciers and their ice shelves. The locations of the 11
radiosonde profiles that include an LLJ according to our
detection criteria are shown as solid-red dots and labeled
(including case studies 1 and 4 that are the focus of enhanced
investigation), and the 11 that do not include an LLJ according
to our detection criteria are shown as solid-magenta dots. The
number of locations is less than 22, as some locations contain
multiple profiles. The terrain height (shading, m), ice mask,
and coastline (both continuous black lines) are taken from the
Polar WRF simulation. The area in white is the continental
shelf region of the Amundsen Sea.

Sea Embayment compared to either the Mellor-Yamada-
Nakanishi-Niino or Yonsei University boundary layer
schemes. Note that Tastula et al. (2012) showed that Polar
WRF simulations with the Mellor-Yamada-Janjic scheme
were relatively unsuccessful at simulating LLJs over the ice-
covered Weddell Sea region of Antarctica, with only around
half the number of simulated jets observed. The model is
driven by ERA-Interim reanalysis data every 6 hours, daily
satellite-based observations of sea surface temperature
(Casey etal., 2010), and sea ice concentration (Comiso,
2000). The model also uses high-resolution orography from
Bedmap?2, as well as spectral nudging from around 1.5 km
above the surface to the model top, which is a way of ensuring
that the large-scale model fields in the interior domain are con-
sistent with ERA-Interim. For further details of the model
setup, please see Deb et al. (2016, 2018). The model was
run from 0000 UTC 1 February 2014 to 4 March 2014. Out-
puts from the interior domain of the model were archived
every hour.

Following Tuononen et al. (2015), a local maximum in
the wind profile is classified as an LLIJ if it is at least
2 m s! (absolute criteria) and 25% (relative criteria)
stronger than the local minimum value above and below the
maximum, and also occurs below a height of 1500 m above

the surface. This definition prevents the incorrect classifica-
tion of LLJs for both weak (absolute criteria) and strong (rela-
tive criteria) wind conditions. In the case that multiple local
maximums in the wind profile exist below 1500 m, the LLJ
is simply chosen as the maximum that is closest to the sur-
face. The speed and height of the local maximum identified
are referred to as the wind speed of the jet core and height
of the jet core, respectively. The jet strength is defined as
the difference between the wind speed of the jet core and
the wind speed minimum above the jet (Vihma et al., 2011).

Additionally, we use the definition of Andreas et al.
(2000) to identify temperature inversions. This involves scan-
ning the temperature profile from bottom to top, with the
height of the inversion base identified as the level where the
sign of the vertical gradient of temperature changes from neg-
ative to positive (i.e., a local minimum). As we continue to
scan upwards, the height of the inversion top is identified as
the level where the temperature gradient switches again
(i.e., a local maximum). Thin temperature inversions (50 m
or less in thickness) that were contained within a deeper inver-
sion were ignored. The temperature inversion strength is
defined as the difference between the temperature at the inver-
sion top and the inversion base.

3. Results

3.1. Properties of LLJs

Using our detection criteria, LLJs were identified in 11
out of the 22 radiosonde profiles examined (see Fig. 1 for
locations). Table 1 shows the dates and times of these 11 pro-
files, which include three profiles on 13 February and three
on 18 February. The 11 profiles are labeled Case Study 1
(CS1), Case Study 2 (CS2), ..., Case Study 11 (CSI11).
Figure 2 displays the radiosonde wind speed profiles for
each of the 11 cases showing LLIJs, showing core speeds
between 9 to 32 m s~! and core heights from around 80 to
800 m. Also shown in Fig. 2 are the corresponding
radiosonde temperature profiles, indicating the occurrence
of temperature inversions for all 11 cases, with inversion
base heights from around 80 to 800 m. Additionally, ten of
the LLJs were directed offshore, with only the CS11 jet
onshore.

Figure 3 shows how some of the properties of the
observed LLJs and temperature inversions are related. This
demonstrates that the speed of the jet core broadly increases
with core height, although this relationship is less robust for
core wind speeds below around 15 m s-! (Fig. 3a). The
results also show that the height of the jet core was either
around or slightly lower than the inversion base, suggesting
that the jets are typically embedded in the inversion layer
(Fig. 3b). The exception to this relationship is CS11, which
has a jet core height of 486 m and an inversion height base
of 237 m and inversion height top of around 300 m, suggesting
that this jet was embedded above the inversion layer. Exami-
nation of the wind speed profile for CS11 shows that it actu-
ally has a relatively well-defined ‘second’ jet at a lower
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Table 1. The direction, speed, and height of the LLJ core obtained from the 11 radiosonde profiles that observed a jet, as well as the time
and date of the radiosonde launches. Also shown is the height of the associated temperature inversion from the measurements, as well as
whether the jet formation mechanism was due to katabatic winds (Katabatic), enhanced katabatic winds due to strengthening by cyclones
(Katabatic + cyclone), or inhibition of katabatic winds by cyclones (Katabatic — cyclone). The corresponding properties simulated by the
Polar WRF model are shown in brackets. N/A is shown if either the LLJ or temperature inversion is not simulated by Polar WRF.

Time (UTC) and

date of Direction of LLJ Speed of LLJ Height of LLJ Height of
radiosonde core (offshore or core core temperature
launch onshore) (m s71) from (m) from inversion base (m)
Case (Polar WRF from radiosondes radiosondes radiosondes from radiosondes Formation
study simulation) (Polar WRF) (Polar WRF) (Polar WRF) (Polar WRF) mechanism
CS1 1300 12 Feb Offshore (Offshore) 14.9 (19) 181 (183) 241 (183) Katabatic
(1300 12 Feb)
CS2 1330 13 Feb Offshore (Offshore) 23.9 (27) 534 (623) 543 (440) Katabatic +
(1300 13 Feb) synoptic
CS3 1620 13 Feb Offshore (Offshore) 29.7 (28.4) 797 (623) 826 (623) Katabatic +
(1600 13 Feb) synoptic
CS4 2045 13 Feb Offshore (Offshore) 32 (30) 767 (847) 810 (623) Katabatic +
(2100 13 Feb) synoptic
CS5 1120 15 Feb Offshore (Offshore) 13.2 (13.9) 115 (183) 131 (93) Katabatic +
(1600 15 Feb) synoptic
CS6 2230 16 Feb Offshore (Offshore) 18 (18.7) 438 (297) 616 (N/A) Katabatic +
(2300 16 Feb) synoptic
CS7 1130 17 Feb Offshore (Offshore) 14.3 (21.6) 367 (297) 326 (27) Katabatic +
(1200 17 Feb) synoptic
CS8 0800 18 Feb Offshore (No jet) 10.5 (N/A) 82 (N/A) 82 (93) Katabatic +
synoptic
CS9 1145 18 Feb Offshore (No jet) 9.1 (N/A) 105 (N/A) 315 (93) Katabatic +
synoptic
CS10 2130 18 Feb Offshore (No jet) 12.6 (N/A) 448 (N/A) 473 (N/A) Katabatic +
synoptic
CS11 1210 22 Feb Onshore (Offshore) 9.5(12) 486 (182) 237 (N/A) Katabatic —
(0900 22 Feb) synoptic
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height of around 150 m (Fig. 2), which is more consistent

with the accompanying inversion layer. However, this jet

Fig. 2. Vertical profiles of (a) wind speed (m s~!) and (b) temperature (K) from the 11 radiosonde profiles
that observed an LLJ. Each line color refers to a particular case study. The solid-black dots show (a) the
height of the LLJ core and (b) the height of the temperature inversion base and top.

was not selected as it failed the relative criteria test. Finally,

the results also show that the jet strength broadly increases
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with the inversion strength (Fig. 3c). However, two outliers
failed to adhere to this relationship, CS2 and CS7, with CS2
having a much larger inversion strength relative to its jet
strength compared to the other cases, whereas CS7 has a
much smaller inversion strength relative to its jet strength.

3.2. Comparison with the Polar WRF

Table 1 compares LLJ properties between the
radiosonde profiles and the Polar WRF simulation, which
shows that the model simulates an LLJ for eight of the
eleven cases where jets were observed, with the exceptions
of CS8, CS9, and CS10. However, for two out of these eight
cases (CS5 and CS11), the LLJ simulated by the Polar WRF
occurred either three hours before or after the time of the
observed jet. For the eight profiles where the Polar WRF sim-
ulated an LLJ, the speed of the jet core was typically higher
than the measurements, with the overprediction varying
from 1 m s~! (CS3, CS5, CS6, CS11), to 3-4 m s~! (CS1,
CS2), to a maximum of 7 m s~! (CS7). The only case study
that underpredicted the speed of the jet core was CS4 (by
—2 m s71). For the height of the jet core, the Polar WRF values
were typically within around 100 m of the measured values.
The exception to this was CS1, where the height of the jet
core was accurately represented, and CS11, where it was
underestimated by around —300 m. For CS11, the simulated
height of the jet core was actually 182 m, which is more con-
sistent with the ‘second’ jet at a height of around 150 m
(Fig. 2), as explained above. Note that for the Polar WRF, little
relationship is apparent between the size of the biases for
the jet core speed and core height. For the height of the tem-
perature inversion base, the Polar WRF values are either
around the simulated height of the jet core (CS1, CS3) or
around 100-200 m lower (CS2, CS4, CS5, CS7),i.e., suggest-
ing that the jets are either embedded in the inversion layer

or just below. For case studies CS6 and CS11, no temperature
inversion was simulated. Finally, for the eight profiles
where the Polar WRF did simulate an LLJ, it correctly repre-
sented the offshore direction of the jet in seven of these.
The exception to this was CS11, where the observations
showed an onshore jet and the Polar WRF an offshore jet.

To further elucidate the Polar WRF performance, Fig. 4
compares the Polar WRF and radiosonde profiles for CS1
and CS4 (see also Table 1). For CS1, the radiosonde profiles
show a pronounced offshore LLJ with a core speed of
15 m s~! at a height of around 181 m (Fig. 4a), which is asso-
ciated with a sharp temperature inversion with a base height
of 241 m and top around 300 m (Fig. 4b). The shape of the
wind and temperature profiles are broadly captured by the
Polar WREF, although the simulated wind speeds are around
5 m s~! higher compared to the observations (from the surface
to a height of 600 m), while the simulated temperatures are
around 4 K lower. The simulated inversion strength is also
stronger than the measured value, which is a plausible expla-
nation as to why the simulated jet core speed is higher. For
CS4, the radiosonde profiles show both a stronger and
higher-altitude offshore LLJ compared to CS1. The observa-
tions show a core speed of 32 m s~! at a height of around
767 m (Fig. 4c) and a sharp temperature inversion with a
base height of 810 m and a top around 900 m (Fig. 4d). The
wind profile and LLJ is well captured by the Polar WRF,
but the temperature profile and inversion layer less so. The
remainder of the results section will focus on investigating
the formation mechanisms related to both of these LLIJs, as
well as their influence on the local-scale near-surface wind
regime.

3.3. Katabatic LLJs

Figure 5a examines the synoptic conditions associated
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Fig. 3. Scatterplots based on measurements from the 11 radiosonde profiles that observed an LLJ in terms of the (a) speed of
the LLJ core (m s~!) versus height of the LLJ core (m), (b) height of the temperature inversion base (m) versus height of the
LLJ core (m), and (c) LLJ jet strength (m s~!) versus temperature inversion strength (K). The color of each solid dot refers to
a particular case study. The linear regression estimate based on the data is shown as the black line.
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Fig. 4. Vertical profiles of wind speed (left; m s~!) and temperature (right; K) based on measurements from
radiosondes (solid line) and Polar WRF simulations (dashed line) for CS1 (top), CS4 (bottom). The solid-
black dots shown in (a, c) indicate the height of the LLJ core and (b, d) the height of the temperature
inversion base and top. The observational profiles for CS1 and CS4 are at 1300 UTC 12 Feb and at 2045
UTC 13 Feb, respectively. The model output times are at 1300 UTC 12 Feb and at 2100 UTC 13 Feb. Note

the different scales for the x-axis.

with CS1 by showing the associated 500-hPa geopotential
height and horizontal wind fields from the Polar WRF simula-
tion. The geopotential height field shows a weak north-
south dipole pattern to the east of the radiosonde launch loca-
tion, with a weak low-pressure region occurring over the
Bellingshausen Sea region (minimum in 500-hPa geopoten-
tial height of 5040 m), which acts to generate the band of
southerlies over the eastern section of the West Antarctic
ice sheet and the Amundsen Sea Embayment. An examination
of the geopotential height at other pressure levels shows that
this low-pressure region is apparent throughout much of the
troposphere (not shown).

To examine the local-scale conditions associated with

these synoptic conditions, Fig. 6a shows the Polar WRF simu-
lated winds along a vertical cross-section that passes
through the location of the CS1 radiosonde launch and
aligned in the direction of the observed offshore jet (shown
as the line A-B in Fig. 5a). This transect begins (upwind)
over the coastal slopes, passes over the Pine Island ice shelf,
and finishes (downwind) over the open ocean. Over the
coastal slopes, there is an enhancement of both the along-
and cross-transect wind speeds over a relatively shallow
layer above the surface. In contrast, the winds at upper levels
are relatively weak (<5 m s7!). In the along-transect direc-
tion, the winds in the near-surface layer accelerate downslope
to speeds exceeding 20 m s~!, with a peak speed of around
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Fig. 5. Polar WRF simulation of the 500-hPa geopotential height (shading, m) and 500-hPa horizontal wind (vectors,
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the radiosonde launch for each case study. The thick line labeled A-B indicates the vertical transects that are
examined in Fig. 6, which pass through the respective launch location of the radiosonde and are aligned in the
direction (broadly northwest orientation) of the observed LLJ. The coastline is denoted by the continuous black line.

24 m s~! occurring around 153 km along the transect, which
coincides with the steepest local topography gradient. The
associated cross-transect wind speeds are positive (i.e., to
the right of the along-transect direction, looking downwind)
and much weaker (2—4 m s~1), which is likely due to the influ-
ence of the synoptic-scale forcing. Examination of the associ-
ated vertical cross-section of temperature over the downslope
region shows an inversion layer at around 200 m above the
surface (not shown). Therefore, these downslope winds are
consistent with katabatic winds and a relatively low-level
inversion layer trapping colder (and therefore heavier) air
below, which acts to intensify the winds.

Due to the close proximity of the radiosonde launch loca-
tion to the calving front of the Pine Island ice shelf, it is evident
from Fig. 6a that the observed LLJ occurs due to the katabatic
winds extending across the ice shelf and eventually over the
open ocean. It is also apparent that although the katabatic
winds begin to decelerate over the open ocean, they still main-
tain their identity over the entire transect, i.e., some distance
seaward of the edge of the ice shelf. The signature of a kata-
batic LLJ over the ice shelf and open ocean regions of
Amundsen Sea Embayment is also apparent in the 10-m
wind speed field simulated by the model (Fig. 7a). This
shows wind speeds reaching 18 m s~! over parts of the
Thwaites and Pine Island ice shelves and the ocean immedi-
ately adjacent to them. Moreover, a region of enhanced
wind speeds of around 10 m s~! is shown over a large part
of the Amundsen Sea Embayment, with much weaker wind

speeds over the eastern and western sections of the coast-
line. However, it is likely that Polar WRF could be overpre-
dicting the strength and reach of these winds, as Fig. 4a
showed a positive wind-speed bias for CS1.

3.4. Enhancement of katabatic LL]s by synoptic forcing

Figure 5b shows the synoptic conditions associated
with CS4, which occurred around 32 hours after CS1
(Table 1). During this period, the low-pressure system over
the Bellingshausen Sea region remained stationary and sub-
stantially deepened (minimum in 500-hPa geopotential
height of 4920 m), which again acts to generate the band of
southerlies situated over the Antarctic ice sheet and Amund-
sen Sea Embayment. Although there is comparatively little
difference in strength of the southerlies at 500 hPa between
CS1 and CS4, further examination shows that 850-hPa wind
speed over the coastal region of the Amundsen Sea Embay-
ment increases from around 15 m s~! for CS1 to around 30
m s~! CS4 (not shown), i.e., consistent with a deepening of
the low-pressure system.

Figure 6b shows the Polar WRF simulated winds along
a vertical cross-section that passes through the location of
the CS4 radiosonde launch (shown as line A-B in Fig. 5b).
Over the coastal slopes, there is a clear maximum in the
along-transect winds around 700 m above the surface, with
wind speeds reaching up to 36 m s~!. Consequently, strong
vertical wind shear above and below the region of peak
winds is also apparent. The cross-transect wind speeds are rel-
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Fig. 6. Polar WRF simulation of the vertical cross-section of
the along-transect wind speed (shading, m s~!) and cross-
transect wind speed (contours, m s~1) along the A-B transect
shown in Fig. 5 for (a) CS1 at 1300 UTC 12 Feb and (b) CS4
at 2100 UTC on 13 Feb. The red cross on the x-axis represents
the location of the radiosonde launch in each case study, which
was close to the calving front of the Pine Island ice shelf (see
Fig. 1). Consequently, the region to the right of this location in
each panel is mostly over the open ocean.

atively weak over the coastal slopes (<5 m s~!). Examination
of the associated vertical cross-section of temperature over
the downslope region also shows an inversion layer around
800 m above the surface (not shown). These downslope
winds are therefore consistent with a substantial strengthening
of the katabatic LLJ in CS1 in response to a deepening of
the low-pressure system over the Bellingshausen Sea, i.e.,
the offshore wind component associated with this system
plays a crucial role in the enhancement of the katabatic LLJ.

Due to the close proximity of the radiosonde launch loca-
tion to the calving front of the ice shelf, it is yet again evident
that the observed LLJ occurs due to the enhanced katabatic
wind extending across the ice shelf and eventually over the
open ocean (Fig. 6b). The LLIJ is subsequently shown to atten-
uate over a distance of 100-150 km over the open ocean.
Figure 7b shows that the 10-m wind speed associated with
the LLJ reaches up to 24 m s~! over the coastal slopes,
which is over twice as strong as the winds in this region during
CS1 (Fig. 7a). These enhanced 10-m winds continue over
the ice shelves and open ocean, with speeds of up to 18 m s~!
over much of the eastern section of the Amundsen Sea
Embayment (Fig. 7b).

Finally, for the remaining five cases where the Polar
WRF model correctly simulated an offshore LLJ (CS2,
CS3, CS5, CS6, and CS7), examination of the associated
500-hPa geopotential height and horizontal wind fields
showed that in each case, the jet was due to a substantial
strengthening of the katabatic LLJ in response to a deepening
of the low-pressure system over the Bellingshausen Sea
[Fig. S1 of electronic supplementary file material (ESM)].
Moreover, in each of the five cases, this resulted in
enhanced 10-m winds over the ice shelves and open ocean,
especially over the eastern section of the Amundsen Sea
Embayment (Fig. S2 in the ESM). Note that the observations
showed an onshore LLJ in CS11, which was due to onshore
winds associated with the eastern flank of a cyclone, which
acted to dampen/inhibit the katabatic wind at the same time
(not shown).

4. Discussion and conclusions

In this study, we have shown that LLJs occurred in 11
out of 22 radiosonde profiles that were launched close to the
coastal region of the Amundsen Sea Embayment, including
the Pine Island and Thwaites glaciers. The profiles further
show that the jets were predominately offshore (in 10 out of
11 profiles), had core speeds from 9 to 32 m s, jet core
heights from around 80 to 800 m, and are accompanied by
strong, low-level temperature inversions (Table 1, Fig. 2).
Our results further show that: (1) the jet core heights were
around or slightly lower than the inversion base, suggesting
that the jets are typically embedded in the inversion layer
(also shown by Andreas et al., 2000), (2) the speed of the jet
core broadly increases with core height, and (3) the jet
strength broadly increases with the inversion strength
(Fig. 3). We further show that a simulation using the Polar
WRF model at a grid spacing of 15 km is able to correctly
simulate LLJs for eight of the eleven profiles, and temperature
inversions for nine of the eleven profiles. However, the
speed of the jet core simulated by the Polar WRF was typically
higher than the measurements (positive bias of between 1
and 7 m s~1), while the height of the simulated jet core was
typically within around 100 m of the measurements
(Table 1, Fig. 4). This level of accuracy for the height of the
simulated jet core is likely reasonable given that the vertical
resolution of the model was comparatively limited (and
much coarser than the observations).

Output from the Polar WRF model was subsequently
used to elucidate the generation mechanisms of the seven off-
shore LLIJs that were successfully simulated. Although the
Amundsen Sea Embayment sector of West Antarctica is
already recognized as an important area for katabatic wind
convergence (e.g., Parish and Bromwich, 1987; Yu and
Zhong, 2019), this study showed that one of the offshore
LLJs simulated by the Polar WRF was caused by katabatic
winds, while the remaining six were caused by the enhance-
ment of katabatic winds by synoptic forcing from a low-pres-
sure system over the Bellingshausen Sea (Table 1, Figs. 5,
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6, S1 in the ESM).

We also examined the wind speed profiles of the other
11 radiosonde soundings that did not exhibit LLJs according
to our detection criteria. Among these, five profiles still
showed an offshore LLJ, but these were not identified by
our criteria because they failed to meet the relative criterion,
which aims to prevent the misidentification of LLJs during
strong wind conditions (not shown). Analysis of the local
and synoptic conditions simulated by the Polar WRF for
these cases suggests that three of the five cases were caused
by katabatic winds, while the remaining two cases were
caused by the enhancement of katabatic winds by synoptic
forcing associated with a low-pressure system. In the other
six profiles, jet-like features were not observed, likely due
to both weak katabatic winds and/or weak synoptic forcing.

Output from the Polar WRF simulation was further
used to show that the LLJs extend over substantial areas of
the Amundsen Sea Embayment, including both the
Thwaites and Pine Island ice shelves and the open ocean
(Figs. 6, 7, S2). These results are consistent with other stud-
ies, such as Bromwich et al. (1994) and Wang et al. (2021),
which also showed that katabatic winds can extend many hun-
dreds of kilometers out from the slope region. Over the ice
shelves, the enhanced near-surface wind speeds associated
with the LLJs could be responsible for the redistribution of
snow over the ice shelves and enhanced snow sublimation,
which could influence the surface mass balance (Mottram
et al., 2021). Additionally, the redistribution of snow could
also possibly affect thresholds for surface melting of the ice
shelves, as this has been found to be controlled by snow accu-
mulation (van Wessem etal.,, 2023). Additionally, the
strong vertical wind shear/mixing associated with katabatic

winds (evident in Fig. 6b) is often associated with warm signa-
tures over ice shelves, which could facilitate melting (Heine-
mann et al., 2019; Orr et al., 2023). Over the open ocean,
the enhanced near-surface winds speeds could potentially
affect the local ocean circulation, formation of polynyas,
and advection of sea-ice (Langland et al., 1989; Webber
etal., 2017; Guest etal., 2018; Wang et al., 2021). Cru-
cially, over the continental shelf of the Amundsen Sea Embay-
ment, the local wind forcing could, therefore, influence the
transport of relatively warm water over the continental shelf
to the ice shelf cavities, serving to enhance basal melting
(Turner et al., 2017; Webber et al., 2017).

Finally, the period examined was mainly during February
2014, i.e., late austral summer. Although our results suggest
that LLJs are fairly ubiquitous in the Amundsen Sea Embay-
ment during this period, it would be expected that they
might be even more frequent during austral winter, as kata-
batic winds are strongest during this season (e.g., Parish and
Bromwich, 1987; Yu and Zhong, 2019). However, although
the density of cyclones is typically greater in Antarctica dur-
ing winter, this is not the case for the Amundsen Sea and
Bellingshausen Sea (Simmonds et al., 2003). This is due to
the annual cycle of the longitudinal position of the Amundsen
Sea Low, which shifts westward between summer and winter
(Hosking et al., 2013). Therefore, it is suggested that further
work should focus on producing model-based climatologies
of LLJs for this region for different seasons.
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