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Abstract

Monitoring extreme precipitation records (EPRs), that is, the most extreme

precipitation events, is a challenge in Antarctica due to the reduced number of

stations available in the continent and the limitations of the instrumentation

for measuring solid precipitation. Still, extreme precipitation events may con-

tribute substantially to the variability of ice sheet snow accumulation and even

may cause important ecological impacts. This article presents the Antarctic

EPRs at different temporal scales, studying the relationship between precipita-

tion amount and temporal duration through a power scaling law, ranging from

1 day to 2 years. This is achieved using precipitation datasets from the ERA5

reanalysis and the RACMO2 regional climate model. Moreover, we present a

selection of EPRs case studies examining the synoptic mechanisms that pro-

duce such events in Antarctica. Despite ERA5 EPRs are usually lower than

those found in RACMO2, they present similar scaling exponents. EPRs are

found in Loubet and south Graham Coasts, in the central section of the Ant-

arctic Peninsula, and in the north of Alexander Island, where orographic

enhancement increases precipitation amounts. As expected, Antarctic EPRs

are much lower than world-wide EPRs, ranging from 6 to 10% at short tempo-

ral scales (from 1 to 10 days) and from 10 to 20% at long temporal scales (from

90 days to 2 years) in ERA5. Regional variability of extreme precipitation scal-

ing exponents show similar spatial patterns than previously calculated precipi-

tation concentration. On the other hand, the lack of summer events in

Antarctic EPRs evidences that stronger fluxes in winter play a key role on

extreme precipitation during EPR events, which are mainly produced by long-

range transport of moisture by atmospheric rivers impinging on Antarctic

mountains.
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1 | INTRODUCTION

Monitoring extreme weather records is of paramount
importance to assess Earth's climate change and, particu-
larly, to determine possible trends in extreme events
(Cerveny et al., 2007), which have the potential for
impacting ecological systems (McPhillips et al., 2018).
For this reason, the World Meteorological Organization
(WMO) Commission for Climatology created a database
to archive and verify the world weather record extremes
(WMO, 2022). To date, the only continental value in this
database that has not been determined yet is the highest
average yearly precipitation in Antarctica, which is esti-
mated to exceed 800 mm according to a modelling study
performed by Bromwich et al. (2004). The unavailability
of this measure is due to the unique combination of diffi-
culties that lead to large uncertainties in precipitation
estimates in Antarctica. On one side, limited accessibility
and the harsh climate affect the unmanned instrumenta-
tion and limit the automatic measurement of precipita-
tion (Tang et al., 2018a). On the other side, the deflection
of snow particles over the gauge at high wind speed pro-
duce a large undercatch of the precipitation making it
difficult to measure using traditional methods
(Folland, 1988; Kochendorfer et al., 2017). The lack of in
situ measurements produces a great discrepancy in the
precipitation amounts in the different reanalyses on the
continent (Behrangi et al., 2016).

Temporal scaling of extreme precipitation records
(EPRs) is also by itself a relevant research topic since
Jennings (1950) presented the world extreme rainfall
records for different durations between 1 min and
2 years. The study showed a linear relationship between
the maximum precipitation amount P and the temporal
duration D in a log–log space so that data followed a
power law equation:

P=aDb, ð1Þ

where b is the scaling coefficient. Paulhus (1965) con-
firmed this relationship and fitted an updated list of
records to an envelope curve with a scaling exponent of
0.475. A formal mathematical approach to estimate the
envelope was proposed by Gonzalez and Bech (2017).
This power law function, often referred to Jennings'
power law, has been the object of analysis by studies
using point gauge measurements (Hubert et al., 1993;
Galmarini et al., 2004; Zhang et al., 2013b), satellite pre-
cipitation estimates (Breña-Naranjo et al., 2014), weather
radar data (Pöschmann et al., 2021) or climate models
(Zhang et al., 2013a). Regional and seasonal variability of
extreme precipitation in mid-latitude countries has also

been studied using extended databases (Gonzalez and
Bech, 2017) or single stations (Casas et al., 2010; Pérez-
Zan�on et al., 2016). The scaling of precipitation has been
explained in a framework of physical complex systems as
a self-organized critical process, such as other natural
processes like earthquake magnitude, landslides and hur-
ricane dissipation (Hubert et al., 1993; Peters et al., 2002;
Peters and Christensen, 2002; Corral et al., 2010).

Evaluating records in Antarctica is important because
they determine the limits of the atmospheric system of
the continent. Precipitation is a major positive compo-
nent of the surface mass balance (SMB) of the ice sheet
and glaciers (Lenaerts et al., 2012; Frieler et al., 2015;
Gorodetskaya et al., 2015) and climate model projections
predict an increase of the Antarctic precipitation over the
continent by the end of the 21st century (Krinner
et al., 2007; Uotila et al., 2007; Ligtenberg et al., 2013;
Lenaerts et al., 2016). This increase is expected to be dom-
inated by synoptic scale events, which will carry more
moisture from lower latitudes with increasing air temper-
ature following the Clausius–Clapeyron relation
(Dalaiden et al., 2020). The most extreme synoptic scale
events contribute significantly to the total annual precipi-
tation (Turner et al., 2019) accounting for 70% of the
explained variance of the annual precipitation in the
whole continent (Turner et al., 2019). The majority of
extreme precipitation events at the coast is associated
with atmospheric rivers, which consist of anomalous
moisture flux organized in narrow and long corridors typ-
ically in the pre-cold front zone of the extra-tropical
cyclones' warm sector (Gorodetskaya et al., 2014; Wille
et al., 2021). The frequency and intensity of the atmo-
spheric rivers is projected to increase in the future
(Espinoza et al., 2018; O'brien et al., 2022), and thus it is
important to explore their association with extreme pre-
cipitation. Extreme precipitation events in Antarctica
have been analysed on an event basis (Schlosser
et al., 2010; Yu et al., 2018), while the most extreme pre-
cipitation records for different temporal durations in this
continent have not been analysed yet.

As the observational datasets of surface precipitation
in Antarctica are very limited, in this article, we study
the most extreme precipitation records at different tem-
poral scales from 1 day to 2 years based on reanalysis and
numerical modelling datasets. We estimate the scaling
law relationship that associates Antarctic precipitation
extremes to different temporal periods and analyse the
spatial distribution of the scaling exponent in the Antarc-
tic continent comparing our results with the extreme pre-
cipitation events calculated by Turner et al. (2019).
Finally, we briefly analyse a selection of case studies cov-
ering the most extreme precipitation events occurred in
the continent.
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2 | DATA AND METHODS

2.1 | Datasets

This subsection presents the two datasets used for the
analysis—ECMWF Reanalysis 5th generation (ERA5;
Hersbach et al., 2020) and Regional Atmospheric Cli-
mate Model v2.3 (RACMO2; van Wessem et al., 2014)—
in the Antarctic domain (poleward of 60�S) for the
period from January 1979 to July 2017.

ERA5 is the fifth generation of meteorological reana-
lysis of the European Centre for Medium-Range Weather
Forecasts (ECMWF), has a horizontal resolution of 0.25�

(about 30 km), and is based on the Integrated Forecasting
System (IFS) Cy41r2. The large-scale precipitation param-
etrization used is an improved version of the Tiedtke
(1993) scheme, with independent liquid and ice water
contents and a single-moment microphysics scheme. A
recent evaluation of the large-scale performance with
respect to the CloudSat satellite-borne radar-derived pre-
cipitation measurements indicates that ERA5 presents a
positive bias in annual precipitation, especially over the
plateau but it captures well the observed seasonality
(Roussel et al., 2020). Another evaluation over the South-
ern Ocean indicates that ERA5 shows more snowfall and
less rainfall than other reanalysis, but the precipitation
patterns are, in general, well captured (Boisvert
et al., 2020).

The same analysis has also been performed using the
RACMO2 regional climate model precipitation outputs
for the same period. The RACMO2 version used in this
study combines the dynamical core of the HIRLAM
model version 6.3.7 with the ECMWF IFS physics cycle
Cy33r1 forced by the ERA-Interim reanalysis data as
boundary conditions (Van Wessem et al., 2014).
RACMO2 has a horizontal resolution of 27 km, compa-
rable to the ERA5. With other regional climate models
driven by ERA-Interim, it increases the precipitation of
the forcing model (Mottram et al., 2021). Evaluations of
the SMB (precipitation minus evaporation and sublima-
tion) show that RACMO2 represents well the snow
accumulation over the Antarctic Plateau but presents an
overestimation at some coastal regions (Wang
et al., 2016).

To interpret the results, we included the global EPRs
(the greatest observed point) precipitation values for the
world from the Hydrometeorological Design Studies Cen-
ter of the National Oceanic and Atmospheric Administra-
tion (NOAA-HDSC) (NWSa, 2022a). We also included
comparisons with compilations of extreme precipitation
records for different durations available for Australia
(BOM, 2022), Spain (Gonzalez and Bech, 2017) and
United States (NWSb, 2022b).

2.2 | Determination of EPR and
scaling law

Extreme precipitation records at different temporal aggre-
gation levels were computed using rolling sums applied
over moving windows from 1 day to 2 years for each grid
point of the domain considered. EPRs were obtained
picking the maximum value of each temporal aggrega-
tion. The scaling law of the extreme precipitation records
is expressed as in Equation (1). We estimate the coeffi-
cients of the scaling law by using the equivalent linear
expression:

log Pð Þ=a+b log Dð Þ ð2Þ

and the ordinary least squares method of regression esti-
mation (Rawlings et al., 1998). We also calculated the
envelope line with the same slope as the fitting line, so
that P was equal or greater than all observations, as
described in Gonzalez and Bech (2017). This scaling law
has been also evaluated for each grid point of ERA5
below 60�S, and to facilitate the comparisons we focused
on 10 locations selected after Turner et al. (2019) using
the closest grid point in ERA5 (see Table S1.1, and for
further details Table 1 in Turner et al., 2019). Those sta-
tions were proposed as representative of different regions
of Antarctica and because some of them are close to an
ice core-drilling site (see their Table S1.1).

3 | PRECIPITATION RECORDS IN
ANTARCTICA

Table 1 lists Antarctic EPRs from 1 day to 2 years from
January 1979 to July 2017 found in ERA5 and RACMO2.
Both datasets present large discrepancies in magnitude,
with RACMO2 roughly doubling ERA5 EPR precipitation
amount (RACMO2 to ERA5 EPR ratio ranges from 1.7 to
2.5 on all temporal scales). As there are no systematic
observations of the extreme events in Antarctica to com-
pare with, we cannot assess the performance of the EPRs
found. However, RACMO2 and ERA5 sometimes agree
on the EPR date for some durations, such as 3-day (15–17
July 2016) or 270-day (3 March to 27 November 2010).
Despite the differences in magnitude exhibited by both
datasets, they present a similar scaling exponent. To sim-
plify the discussion, in the remainder of the manuscript
we will focus only on the ERA5 dataset unless specified.

As expected, EPRs found in Antarctica in both data-
sets are much lower than EPRs based on the global point
measurements for every duration. The proportion of the
Antarctic EPRs with respect to the global EPRs in ERA5
ranges from 6% at short temporal scales to 20% at long
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temporal scales. All global EPRs for scales over 1 day are
located in the tropics (Paulhus, 1965; Quetelard
et al., 2009). At temporal scales from 1 to 15 days, the
combination of deep moist convection, strong moisture
advection and convergence into the tropical convective
storms provide enough moisture to exceed rainfall
amounts of 1,000 mm in 24 hr (Galmarini et al., 2004;
Koutsoyiannis and Papalexiou, 2017). At scales over
1 month, high air temperatures allow for greater water
vapour content in the atmosphere while large-scale tropi-
cal circulations such as monsoons provide a constant
input of moisture that favours heavy rainfall amounts
(Galmarini et al., 2004). Meteorological factors involved
in precipitation processes leading to such extreme
amounts do not exist in Antarctica. In contrast, precipita-
tion is governed by large-scale moisture advection associ-
ated with extra-tropical cyclones with the strongest
poleward moisture transport occurring during atmo-
spheric blocking events which favours persistent lows
(Schlosser et al., 2010; Yu et al., 2018; Turner et al., 2019;

Wille et al., 2021). The majority of extreme precipitation
events in Antarctica have been linked with atmospheric
rivers, transient belts of anomalous poleward moisture
transport sometimes linked to a series of extra-tropical
cyclones typically blocked by a high pressure ridge on the
east (Gorodetskaya et al., 2014; Wille et al., 2021). Due to
low temperature, precipitation mostly occurs as snowfall
with only sporadic and small amounts of rainfall or driz-
zle recorded in the Antarctic Peninsula and some coastal
sites (Vignon et al., 2021). However, anomalous warm
events might trigger extensive rainfalls that can reach to
the interior of the continent as in January 2016 (Nicolas
et al., 2017).

All EPRs identified in Antarctica using ERA5 occur
in two regions of the west side of the Antarctic Peninsula
characterized by steep terrain (Figure 1; Table 1; Supple-
mentary Figure S1.1). From 1 to 6 days the EPRs are dis-
tributed in 4 precipitation events. EPR events for 1 and
2 days occurred in Loubet and south Graham Coasts, in
the central section of the Antarctic Peninsula, on

FIGURE 1 Locations of the Antarctic EPR simulated by ERA5 (see Table 1 for reference). (a) General perspective of the Antarctic

Peninsula. (b) Zoom over the Loubet and Graham coasts. (c) Zoom over the north Alexandre Island. The ERA5 orography of the region

appears in Supplementary Figure S1.1. Cartography from GoogleMaps. [Colour figure can be viewed at wileyonlinelibrary.com]
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27 March 2017 (110 mm) and 26–27 April 1998
(184 mm), respectively. EPRs over the duration of 3–
6 days occurred north of Alexander Island in two differ-
ent events: 27 June to 1 July 2006 (288 mm) and 15–20
July 2016 (302 mm). The 1-day grid-point EPR in ERA5
is 110 mm, a considerable amount in a Polar region. This
amount represents 6% of the global EPR. However, it is a
rather low value compared with other regional point-
based 1-day EPRs in mid-latitudes such as the
United States (1,092 mm at Alvin, Texas) or Spain
(817 mm at Oliva, Valencia) with a much longer data-
base, especially considering the absence of deep moist
convection in Antarctica. It should also be noted that the
EPR found in ERA5 represents a gridbox-average (includ-
ing an average topography) compared to a point mea-
surement given by the previously mentioned EPRs.

From 7 days to 2 years, all the records are located at
south Graham Coast. EPR from 7 days to 15 days are part
of the same event, which ranged from September to
October 1996. EPR from 20 days to 2 years correspond to
different events. The 1-year EPR in ERA5 is 4,267 mm,
which is 16% of the global EPR and close to other mid-
latitude countries such as Spain (5,503 mm at Casas do
Porto; A Coruña) and mid-latitude regions of Australia
(4,998 mm at Mount Read, Tasmania). This illustrates
the important role of the moisture transport events
towards Antarctica coupled with the effect of the steep
topography of the Antarctic Peninsula in generating the
orographic enhancement of precipitation leading
to EPRs.

None of the records between 1 day and 9 months
occurs in summer suggesting that increased moisture
capacity of the warmer air by the Clausius–Clapeyron
relation does not compensate the weaker fluxes that
occur in this season. Instead, the occurrence of EPRs dur-
ing the cold season indicates that strong cyclone activity
in the Southern Ocean with larger moisture exports from
subtropical latitudes is instrumental on Antarctic EPRs
(see Section 5).

4 | EXTREME PRECIPITATION
SCALING AND REGIONAL
VARIABILITY

Figure 2 shows the Antarctic EPR in comparison with
the global EPR in a log–log plot of precipitation amount
against duration (see Figure S2.1 for RACMO2). The esti-
mated power law models are P = 1.0 D0.63, for Antarctic
EPRs, and P = 52.7 D0.49, for world-wide EPRs. The enve-
lopes are P = 1.2 D0.63 and P = 73.1 D049, respectively. In
both cases, the power law relationship is statistically sig-
nificant (p-values <.0001). The higher exponent for

Antarctic EPRs suggests that extreme precipitation
increases at a higher rate with duration than global EPRs
and is related to a higher regularity in extreme precipita-
tion mechanisms (Gonzalez and Bech, 2017). However,
those values are only representative of a very specific
region in the Antarctic Peninsula that receives much
larger amounts of moisture advection compared to other
regions.

To evaluate the spatial variability of the power law
coefficient through the continent, we computed the local
scaling at every grid point of the Antarctic region
(Figure 3 and S2.2 for RACMO2). Scaling coefficients are
greater than 0.60 over the Southern Ocean and generally
diminish near the Antarctic coast. Values below 0.60 near
the coast suggest a reduction of the regularity of extreme
precipitations, probably driven by the offshore katabatic
winds present on those areas (Parish and
Bromwich, 2007). At the Bellingshausen Sea, the expo-
nent ranges between 0.60 and 0.70, similar to other oce-
anic regions. It is noticeable the oceanic influence on the
EPR at the Antarctic Peninsula illustrating the primary
role of the Pacific Ocean pathway in moisture transport
towards the Peninsula (Turner et al., 1995). Conversely,
at the Weddell Sea, the exponent drops to 0.50 suggesting
a reduction of the regularity of the extreme precipitation
events. This sharp change in EPR conditions is illustrated
by the difference in the exponent and the magnitude
between the points in the Western Antarctic Peninsula

FIGURE 2 Antarctic extreme precipitation records amount

(mm) versus duration (min) (blue dots), the scaling law fitting on a

Log–Log plot (solid blue line) and envelope (dashed blue line). For

reference, we included the World extreme precipitation records

(black dots and lines) and a fraction of their fitting curve (dotted

black lines). [Colour figure can be viewed at

wileyonlinelibrary.com]
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and Eastern Antarctic Peninsula (Figure 3), explained by
the discontinuity of atmospheric moisture transport
across the mountains of the Antarctic Peninsula
(Slonaker and Van Woert, 1999), which are influenced by

the dominant synoptic patterns on the region (Gonzalez
et al., 2018). Such exponents around 0.5 can also be found
over most of West Antarctica and at the highest regions
of the Antarctic Plateau. Instead, the lower exponents are

FIGURE 3 Regional variation of the power law scaling coefficient. The boxes show the local scaling law at different locations. Location

information can be found in Table 1 at Turner et al. (2019). [Colour figure can be viewed at wileyonlinelibrary.com]
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found on the Amery Ice Shelf and west of Victoria Land,
where orography blocks moisture transport from the
ocean, while strong katabatic flow decrease precipitation
via sublimation (Turner et al., 2019; Gehring et al., 2022).

In general, local scaling coefficients agree well with the
contribution of the highest precipitation events to the
annual total precipitation (compare Figure 2 in Turner
et al., 2019, and Figure 2 here). Small scaling exponents are
related with the sites where about 50% of the annual precip-
itation is concentrated in a few days, while large scaling
exponents are located where half of the annual precipita-
tion is distributed over a longer period. Extreme precipita-
tion scaling is therefore a good indicator of the contribution
of the extreme precipitation events to the annual totals.

5 | EXTREME PRECIPITATION
CASE STUDIES

In order to understand the primary processes that shape
the EPRs at different temporal scales, this
section presents four case studies simulated by ERA5 at
1, 3, 10 days and 1 year. Here we provide the synoptic
conditions that provided the most extreme precipitation
conditions in the Antarctic Peninsula, where all these
records occurred.

5.1 | 27 March 2017 (1-day EPR)

According to ERA5, on 27 March 2017 the grid point
with coordinates 66.25�S 64.75�W registered 110 mm, the
Antarctic precipitation record in 1 day from 1979 to 2017
(Figure 4a, Figure S3.1.1 and Video S1). The synoptic set-
ting on that day was characterized by the presence of a
deep low southeast of the Bellingshausen Sea. This

setting triggered the transport of warm moist air from the
South-eastern Pacific to the central part of the western
Antarctic Peninsula (Figures 4b,c) in a zonally oriented
atmospheric river identified over the Southern Ocean the
extension of which reached the AP (Video S2). This still
intense moisture flux impinged on the steep orography of
the region, releasing most of the moisture as precipitation
on the western side, while drying at the eastern side of
the region by foehn effect. According to SYNOP observa-
tions, rainfall was observed at Rothera during that day.
ERA5 also simulated rainfall at low levels in all the west-
ern coast of the AP (Supplementary Figure S3.1.2).

Although the values of total cloud water content
(TCWV) and the dynamic forcing are large (Figure 4b),
none of them are extraordinary in the region. High values
of vertical velocity and convergence of moisture at the
windward of the Antarctic Peninsula (not shown) reveal
the predominant role of the orography in this event. The
analysis of the cross sections across the mountain shows
large values of cloud liquid water content below 2,000 m
rising by the effect of the mountain to 6,000 m where the
snow water content is enhanced (Figure S3.1.3). We
hypothesize that the interaction of snow and ice particles
on the windward side of the Antarctic Peninsula moun-
tain range through processes like riming might have
increased the precipitation efficiency of the event (see
e.g., Gehring et al., 2020). In that case precipitation
microphysics could have played an important role in
achieving extreme amounts of precipitation.

5.2 | 15–17 July 2016 (3-day EPR)

From 15 to 17 July 2016, a grid point on the north Alex-
ander Island (69.00S 70.50W) achieved 221.0 mm of total
accumulated precipitation in ERA5 (Figure 5a), recording

FIGURE 4 Extreme precipitation and average values of selected atmospheric variables on 27 March 2017. (a) Total precipitation,

(b) average mean sea level pressure (contours) and total content water vapour (shaded) and, (c) average 700 hPa temperature (shaded) and

streamlines. Width of streamlines are proportional to the wind speed. The location of the EPR is shown as a white dot. [Colour figure can be

viewed at wileyonlinelibrary.com]
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the 3-day most extreme event in this reanalysis from 1979
to 2020. This event is also the most extreme 3-day precipi-
tation event in RACMO2 model, with 488.0 mm in a
nearby grid and recording on the 16 July 2016 the most
extreme event in 1-day precipitation event in the model.
The identification of the same event in both ERA5 reana-
lysis and RACMO2 reinforces extreme conditions associ-
ated with this event.

A key characteristic of this event was the presence of
a persistent atmospheric river stretching from north to
south pulling warm and moist tropical air from 30�S to
70�S at the Antarctic Peninsula in the winter season
(Figure 5b,c and Videos S3 and S4). The atmospheric
river lasted all 3 days of the extreme precipitation event
with its tail moving from the Pacific Ocean over the
southern South America towards the Atlantic, while its
front extended towards the Antarctic Peninsula. The
atmospheric river was triggered by a stationary deep low
over the Bellingshausen Sea, with a blocking ridge in the

southwest Atlantic (typical large-scale conditions behind
atmospheric river development in the region, Wille
et al., 2021). Several secondary lows developed on its
northeast flank that moved in a southeast direction
impacting the orography of the Antarctic Peninsula
(Video S3). The cyclogenesis of these lows, of which one
had explosive character (28 hPa decrease in mean sea
level pressure in 24 hr) was induced by the potential vor-
ticity at high levels (Figures S3.2.1 and S3.2.2). Secondary
lows intensified the initial front present on the 14 July,
giving successive warm and cold frontal systems. The
dynamic factors were enhanced by the steep orography of
the northern side of Alexander Island that, as shown in
Figure 5a, was critical for the strong orographic enhance-
ment of the event. Although SYNOP messages and ERA5
reanalysis suggest that snowfall was the predominant
precipitation type during this event (Figure S3.2.3) one
SYNOP message in Rothera indicated the presence of
rainfall during few hours on 17 July.

FIGURE 5 As Figure 4 but for the extreme precipitation event averaged on 15–17 July 2016. [Colour figure can be viewed at

wileyonlinelibrary.com]

FIGURE 6 As Figure 4 but for the extreme precipitation event averaged on 21–30 September 1996. [Colour figure can be viewed at

wileyonlinelibrary.com]
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5.3 | 21–30 September 1996 (10-day EPR)

This EPR event was characterized by a train of cyclones
crossing the Bellingshausen Sea producing 425.9 mm
over a period of 10 days at the grid point with coordinates
66.00S 64.75W according to ERA5 (Figure 6a). Rainfall
was observed at Faraday–Vernadsky station almost con-
tinuously during this 10-day period although ERA5 data
barely reflect this fact. As in the previous cases, a warm
and moist flow from the Pacific prevailed over the Ant-
arctic Peninsula (Figure 6b,c). During the event we can
differentiate several primary lows, deep and with great
extension between 50� and 70�S, and secondary lows
with a short life cycle that were developed at the north-
eastern flank of the main lows (Figure S3.3.1 and
Video S5). Secondary lows exhibited rapid cyclogenesis
due to the interaction of the negative potential vorticity
anomalies with areas of low-level baroclinicity down-
stream and presented a meridional track towards the
Antarctic Peninsula.

The repeated passage of fronts and the persistent
flow of warm and moist air produced large amounts of
precipitation enhanced on the windward side of the
Antarctic Peninsula by the orography. In this 10-day
event, there is not one unique atmospheric river but
rather a succession of intense moisture fluxes identi-
fied as ARs landfalling at the Peninsula on 23 and
28 September stretching from the Pacific and the
Atlantic Ocean, respectively (Video S6). We highlight
the cyclogenesis of the 22, 25 and 27th September that
developed at low latitudes, and 24 hr later, produced
high precipitation amounts over the Antarctic
Peninsula.

5.4 | 26 February 2001 to 25 February
2002 (1-year EPR)

According to ERA5, the 1-year precipitation record
occurred from February 26, 2001 to February 25, 2002 and
took place at the grid point with coordinates
66.00S64.75W (Figure 7a). This period accumulated a total
precipitation amount of 4,266.6 mm. We examined this
case in terms of anomalies computed using monthly mean
values from March 2001 to February 2002 with respect to
the period 1979–2017. The 1-year record was characterized
by a pressure dipole with negative mean sea level pressure
anomaly at the Bellingshausen Sea and positive anomaly
over the South Atlantic Ocean. This pattern favoured
strong south-eastward flow from southeast Pacific to Ant-
arctic Peninsula (Figure 7b,c). Negative temperature
anomalies at the Bellingshausen Sea (Figure 7c) were asso-
ciated with low values of TCWV (Figure 7b). Despite the
relatively dry advection at climate timescales on the Ant-
arctic Peninsula, positive precipitation anomalies are
observed being enhanced by the mountains at the north-
ern sector (Figure 7a). This suggest that the primary con-
tribution for large-scale precipitation extremes during this
year was the strong circulation impinging the Antarctic
Peninsula Mountains. Alternatively, several intense mois-
ture advection events with an overall dry mean for the
year might also explain this pattern.

6 | CONCLUSIONS

Records of extreme precipitation occur when all atmo-
spheric ingredients that produce precipitation are

FIGURE 7 Extreme precipitation and average anomalies with respect to the period 1979–2017 of selected atmospheric variables from

March 2001 to February 2002. (a) Anomaly of precipitation, (b) anomaly of mean sea level pressure (contours) and total content water

vapour (shaded) and, (c) anomaly of 700 hPa temperature (shaded) and streamlines. Width of streamlines are proportional to the wind

speed. The location of the EPR is shown as a white dot. [Colour figure can be viewed at wileyonlinelibrary.com]
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optimized. In Antarctica, extreme precipitation records
concentrate in the middle sector of the Antarctic Penin-
sula as revealed by ERA5 and RACMO2 datasets. The
combination of latitude, orography and the presence of
atmospheric rivers impinging the mountains may pro-
duce precipitation events with more than 100 mm in
1 day according to both datasets. The lack of summer
events evidences that local moisture sources do not play
a key role on extreme precipitation. At scales of months
and years, a south-eastward circulation anomaly increas-
ing the air advection from southeast Pacific perpendicu-
lar to Antarctic Peninsula causes precipitation events
comparable to mid-latitude regions. These structures are
regular in time and despite the internal variability of the
precipitation, different wet spells from synoptic systems
crossing the Antarctic Peninsula contribute to the
extreme precipitation records at large temporal scales in
the region.

Scaling law exponents of EPR indicate the regularity
of extreme precipitation events in the continent, being
higher in the Southern Ocean (b � 0.7) and lower in
some areas of the East Antarctic Ice Sheet (b � 0.3).
Exponent is especially low at the Amery Ice Shelf and
west of Victoria Land coinciding with the lower contribu-
tion of the extreme precipitation events to the annual
totals (Turner et al., 2019). The Antarctic Peninsula
exhibits a pronounced discontinuity with higher values
in the Bellingshausen Sea and lower values in the
Weddell Sea.

We acknowledge that the use of reanalysis and model
data may be the main limitation of this research. How-
ever, currently there is no alternative to study the precipi-
tation around Antarctica at the daily scale due to the
scarce and biased surface observations and irregular sat-
ellite crossings. The precipitation described by different
reanalyses and models shows important differences in
magnitude (Bromwich et al., 2011; Tang et al., 2018b).
This is evidenced by the differences shown by RACMO2
and ERA5 in the maximum precipitation amounts
reported here, which are about a factor 2 higher in
RACMO2 than in ERA5. Nonetheless, we found that
some of the extreme events simulated by RACMO2 coin-
cide with ERA5, and that the spatial distribution of the
power law scaling exponent is coherent between both
reanalyses. This strongly suggests that, regardless of dif-
ferences in the precipitation amounts, global patterns of
EPRs are well captured and individual extreme events
can be identified with a reasonable degree of confidence.

In this investigation, we show the approximate values
of the precipitation at different temporal scales in Antarc-
tica, and we present the synoptic atmospheric mecha-
nisms that produce such extreme events. Extreme
precipitation events, such as those presented in this

study, determine an important part of the variability of
the snow accumulation on the Antarctic ice sheet and
have the potential for impacting the Antarctic ecological
systems (e.g., displacing a penguin colony). Our results
intend to be a benchmark to characterize extreme precip-
itation events in Antarctica and monitor its change, as
well as their impacts in the Antarctic ecosystem.
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(v2.3), Zenodo, https://doi.org/10.5281/zenodo.4009663.
The dataset generated in this research with the precipita-
tion extremes for each model at every grid point and for
different durations are available via Gonzalez-Herrero
(2022), Extreme precipitation records in Antarctica
[Dataset], Zenodo, https://doi.org/10.5281/zenodo.
7538266. The codes used in this study are available via
Gonzalez-Herrero (2022), Extreme precipitation records
in Antarctica [Code] Zenodo, https://doi.org/10.5281/
zenodo.7573644.
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