N
N

N

HAL

open science

Impacts of the antartic ozone hole influence events over
southern Brazil in October 2015
Alanna M De Souza, Lucas V Peres, Gabriela D Bittencourt, Damaris K
Pinheiro, Bibiana C Lopes, Vagner Anabor, Neusa M.P. Leme, Maria Paulete
P. Martins, Rodrigo Da Silva, Gabriela C.G. Dos Reis, et al.

» To cite this version:

Alanna M De Souza, Lucas V Peres, Gabriela D Bittencourt, Damaris K Pinheiro, Bibiana C Lopes, et
al.. Impacts of the antartic ozone hole influence events over southern Brazil in October 2015. Anais da
Academia Brasileira de Ciéncias, 2023, 95 (suppl 3), 10.1590/0001-3765202320210528 . hal-04237430

HAL Id: hal-04237430
https://hal.univ-reunion.fr /hal-04237430
Submitted on 11 Oct 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.univ-reunion.fr/hal-04237430
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

An Acad Bras Cienc (2023) 95(Suppl. 3): 20210528 DOI 10.1590/0001-3765202320210528
Anais da Academia Brasileira de Ciéncias | Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 | Online ISSN 1678-2690
www.scielo.br/aabc | www.fb.com/aabcjournal

GEOSCIENCES

Impacts of the antartic ozone hole influence
events over southern Brazil in October 2015

ALANNA M. DE SOUZA, LUCAS V. PERES, GABRIELA D. BITTENCOURT, DAMARIS
K. PINHEIRO, BIBIANA C. LOPES, VAGNER ANABOR, NEUSA M.P. LEME, MARIA
PAULETE P. MARTINS, RODRIGO DA SILVA, GABRIELA C.G. DOS REIS, MARCO
ANTONIO G. DOS REIS, JOSE V. BAGESTON & HASSAN BENCHERIF

Abstract: The impact of the Antarctic Ozone Hole Influence over Southern Brazilin October
2015 was analyzed using daily mean data of the Total Column Ozone (TCO), Ultraviolet
Index (UVI) and Radiative Cloud Fraction (RCF) from the Ozone Monitoring Instrument
satellite instrument. Vertical profiles and fields of ozone content and Potential Vorticity
available from the European Centre for Medium-Range Weather Forecast reanalysis, air
masses backward trajectories from the HYbrid Single-Particle Lagrangian Integrated
Trajectory model and channel 3 water vapor images from the Geostationary Operational
Environmental Satellite GOES-13 were also analyzed. The five identified events showed
an -7.4+2.3% average TCO reduction, leading to an +16.6+54.6% UVI increase even with a
predominance of partly cloudy days. Other impacts were observed in the ozone profiles,
where the most significant anomalies occurred from 650 K reaching 1.2 ppmv at the 850
K level. In the ozone fields at 700 K, the presence of a polar origin tongue was observed
causing negatives anomalies between -0.2 and 0.4 ppmv in a transient system format
forced with eastward-traveling Rossby waves passing through the Southern of Brazil and

Uruguay.

Key words: Antarctic Ozone Hole, Southern Brazil, potential vorticity, UV index.

INTRODUCTION

Located approximately between 15 km and 35
km altitude (London 1985), is in the “ozone layer”
that photochemical and dynamic processes
occur, protectingthe Earth and make life possible
as it is today (Salby 1996). In the mid-1980s, a
massive ozone depletion was discovered during
the southern spring over the Antarctic region
(Farman et al. 1985), which became known as the
“Antarctic Ozone Hole” (Solomon 1999).

The, solar ultraviolet radiation (UVR),
corresponds in the electromagnetic spectrum
wavelengths from 100 to 400 nm is divided into
three groups: UVC (100-280 nm), UVB (280-315
nm) and UVA (315-400 nm) (Liou. 2002; ICNIRP,

2004), being the first completely absorbed in the
in the stratospheric ozone layer (Dessler 2000).
The UVA type contributes to the synthesis of
vitamins (McKenzie et al. 2009), but in excess
it can be highly harmful (Oliveira 2014), as
well as the type B (UVB), harmful to single-
celled organisms and superficial cells of plants
and animals, also being partly filtered in the
stratosphere (Corréa 2015). Thus, the UVR is now
seen as a public health issue, where different
nations carry out actions aimed at reeducating
habits of exposure of populations to the sun
(WMO 2002).

The ultraviolet index (UVI) has become a
measure for determining the intensity of UVR,
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first used in Canada in 1992, then adopted
as a standard indicator of UVR levels by the
World Meteorological Organization (WMO) and
the World Health Organization (WHO) in 1994.
The total amount of ozone in the atmosphere,
cloud cover, snow reflectance, local pollution,
and sunrise are the conditions that affect UVI
according to a study by Fioletov (2010). Research
published by Kirchhoff et al. (2000), Rodriguez
(2017) and Sanchez-Pérez et al. (2019) also
highlight the importance of this index in cases
of sunburn, photodermatoses and even skin
cancer, making it possible to determine the sun
exposure for each type of skin without suffering
strong damage, which can in the long term bring
greater effects.

Studies by Kirchhoff et al. (1996) identified
from atmospheric balloons (ozone sondes)
and surface instruments, such as the Brewer
spectrophotometer, that ozone-poor air masses
can by ejected from the Antarctic Ozone Hole
region (Farman et al. 1985, Solomon 1999, Hassler
et al. 2011) and reach mid-latitude regions such
as Southern Brazil, in a phenomenon known
as the “Antarctic Ozone Hole Secondary Effect”
(Pinheiro et al. 2011). This type of phenomenon
occurs due to the end of the polar winter, when
the increase in temperature causes stratospheric
warming and destabilizes the polar vortex,
causing an increase in the activity of planetary
waves and a break in the Rossby wave (Ndarana
et al. 2012), and with that, ejections of these
ozone-poor air masses out of the polar vortex,
in the form of towards the equator filaments
(Schoeberl 1988).

Several studies on a regional scale have
begun to observe the occurrence of the Antarctic
Ozone Hole Influence events over Southern
Brazil, motivated by studies on the air masses
isentropic transport in the lower stratosphere
and your ability to determine the ozone content
in different regions of the planet (Portafaix et al.
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2003, Semane et al. 2006, Gettelman et al. 2011).
Between 2008 and 2012, was identified fourteen
this type events, with an average reduction of 9.3
+2.9% in the TCO (Pinheiro et al. 2011, 2012, Peres
et al. 2016). In addition, this events type is one
of the explanations for the amphibian species
decline over the Southern Brazil (Schuch et al.
2015) and Steffenel et al. (2016) detected these
events using Pervasive Computing in order to
carry out alerts about the ozone reductions that
cause increases in UV radiation.

Dias Nunes et al. (2020), analyzed the impact
of ozone content on UVR variability in South
America between 2005 and 2014. This analysis
proved that only low ozone levels are not
determinant for high UVR values. This inverse
correlation being seasonally dependent and
more intense between July and October over
large areas of South America. Cloud cover stands
out among the factors that also influence in UVR
quantities over South America. This helping to
explain the differences between observations
obtained by satellite equipment and
reconstructed by models using measurements
from ground equipment over Chile (Damiani et
al. 2014) and the observed UVR attenuation on
stations in Peru compared to those compared to
numerical simulations carried out for clear sky
conditions (Yamamoto et al. 2018).

Peres et al. (2017) analyzed the climate
variability in total column ozone (TCO)
measurementsobtained by BrewerSpectrometer,
and Total Ozone Mapping Spectrometer (TOMS)
and Ozone Monitoring Instrument (OMI) satellite
instruments between 1992 and 2014 over
southern Brazil. Seasonal variability presents a
minimum in April and a maximum in September
and the Quasi-Biennial Oscillation (QBO) is the
main mode of interannual variability. This work
served as a climatological basis for works such
as Bresciani et al. (2018), that using a multi-
instrumental and air parcel trajectories from
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HYSPLIT (HYbrid Single-Particle Lagrangian
Integrated Trajectory) model analysis to observe
a large area of critical ozone depletion over
Rio Grande do Sul and Uruguay in mid-October
2016. Bittencourt et al. (2018) also used this
climatological basis and model trajectories
analysis to identified that this event was the
most intense recorded in the last 20 years and
carried out an analysis of the tropospheric and
stratospheric dynamics around your occurrence
period.

The long-term monitoring of this
phenomenon type conducted by Peres et
al. (2019) covered the period between 1979
and 2013 and identified the occurrence of 62
events with -9.35 + 293 % of average reduction
in ozone content. Such events were caused
by anomalies in the potential vorticity, wind
and temperature fields at isentropic levels of
the stratosphere, where the observed wave
displacement observed in Potential Vorticity
(PV) fields, is within of cyclonic circulation area
and with predominantly southern winds. The
motivation for the present work is that, for the
year 2015, events of Influence of the Antarctic
Ozone Hole over Southern of Brazil have not
yet been identified. The year 2015 have a gap
in the identification of this events. Thus, the
present work aims to identify and characterize
the Influence of the Antarctic Ozone Hole over
Southern of Brazil events that occurred in
October 2015 and thus collaborate to analyze
the impacts in terms of the ozone depletion in
multilevels and the ultraviolet index.

MATERIALS AND METHODS

In this work, Total Column Ozone (TCO),
Ultraviolet index (UVI) and Radiative Cloud
Fraction (RCF) daily data were obtained from the
Ozone Monitoring Instrument (OMI) sensor, that
was launched in July 2004 aboard NASA (National
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Aeronautics and Space Administration) AURA
satellite to continued the TOMS (Total Ozone
Mapping Spectrometer) instrument recordings
that ended yours activities in 2005. The OMI
instrument employs hyperspectral imaging
in a scanning mode to observe backscattered
solar radiation in the electromagnetic spectrum
ranges between 0.270nmto 0.314nm and 0.306nm
to 0.380nm. The hyperspectral capabilities
improve the accuracy of TCO measures and
allow radiometric self-calibration of precise and
long term wavelengths (Levelt et al. 2006).

The daily TCO, UVI and RCF data acquisition
was performed for the central region of the
state of Rio Grande do Sul, on a 1° x 1° latitude
/ longitude grid, comprising the surroundings of
the Santa Maria city (29.72°S; 53.72°0), as shown
in Figure 1. The satellite passage is close to local
midday and corresponding to days with all sky
conditions, so not only clear sky days. Both the
daily TCO (OMTO3d v003 product), UVI (OMUVBd
v003 product) and RCF(OMTO3d v003 product)
data are available on the NASA Giovanni
platform (Acker & Leptoukh 2007), which is
an online environment for visualization and
preliminary analysis of geophysical parameters
and data download (https://giovanni.gsfc.nasa.
gov/giovanni/).

The identification of the Antarctic Ozone
Hole Influence events over Southern Brazil start
in select days in which the value of TCO was
below the value of the mean minus 1.5 of its
respective standard deviation in the month of
October 2015, following the criterion detailed by
Peres et al. (2019). For this, the climatology of the
TCO between 1992 and 2014 calculated by Peres
et al. (2017) was used, being 290.2 DU (Dobson
Unit) the october climatological value, 8.8 DU its
respective standard deviation and 277.0 DU the
threshold value of climatological mean minus
1.5 of the standard deviation. In addition, the
evolution of UVI and RFC daily data were also
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Figure 1. Santa Maria city location, in the central area of Rio Grande do Sul State, Brazil.

analyzed in order to verify our impact during the
mentioned TCO reductions.

For the selected TCO reduction days, an
stratospheric dynamics analysis was performed
from meteorological fields of Potential Vorticity
(PV), wind magnitude (u and v) and Ozone
mass mixing ratio, obtained for 15 potential
temperature levels between 265 and 850
Kelvin, as similary used by Dos Reis et al.
(2021) in identifying the Antarctic Ozone Hole
Influence events over Southern Brazil. The ERA-
Interim Pressure and Isentropic (Theta) Levels
in Relation to a Standard Atmosphere can
be verified in https://rda.ucar.edu/datasets/
ds627.1/docs/Pressure_and_isentropic_levels/,
as a function of the potential temperature
equation, showing that the maximum in the
ozone layer occurs at 25Km or 25.492 hPa or
634.5K. These meteorological fields are provided
by ERA - Interim reanalysis from European Centre
for Medium-Range Weather Forecast (ECMWF),
detailed in Dee et al. (2011), for a 1.0°x1.0°
latitude / longitude resolution grid.

This stratospheric dynamics analysis starts
withthe observation ofthe ozonevertical profiles,
comparing the 1986 to 2015 October average
ozone profile with the daily average ozone
profiles and respective anomaly calculations

(1986102015 October average ozone profile minus
daily average ozone profile), in order to verify
the height at this ozone reductions occur. At the
height of observed ozone reduction, PV fields
from the previous days for the day in question
were analyzed in order to determine the origin
of the stratospheric air masses that caused
such reductions, similar to that performed by
Bittencourt et al. (2018, 2019), in accordance
with described in Semane et al. (2006), where a
stratospheric air mass has a polar origin when a
reduction in PV values is verified.

Complementing this analysis, the ozone
mass mixing ratio fields from ERA - Interim
reanalysis and air masses back trajectories
obtained by the HYSPLIT (HYbrid Single-Particle
Lagrangian Integrated Trajectory) model (Rolph
etal.2017) were also analyzed in order to confirm
the air masses polar origin that caused the
observed ozone reductions, thus determining
the occurrence of the Antarctic Ozone Hole
Influence events over Southern Brazil, according
to Bresciani et al. (2018).

In order to verify the presence and type of
cloudiness and your impact on the observed
UVI value, channel 3 water vapor images from
the Geostationary Operational Environmental
Satellite GOES-13, obtained from the Satellites
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and Environmental Systems Division of the
Center for Weather Forecasting and Climate
Studies (CPTEC / INPE 2021) were also analyzed.

Finally, the impact of the October 2015
occurrence events was quantified in relation
to the 1986 to 2015 October period behavior
average. For this, the average ozone profile for
this period (1986 to 2015) was compared with
the average ozone profile of the days considered
to be events in October 2015 and the difference
between them was calculated, presenting the
preferred levels of ozone reduction. In these
levels, the ozone average fields of the period
1986 to 2015, average ozone field of the events
and the anomaly (Wilks 2011) between these
were analyzed.

RESULTS AND DISCUSSION

The daily TCO, UVI and RCF data for October
2015 are presented in the Figure 2. In function
your 114° viewing angle range of the telescope,
that corresponds to a 2600 km wide swath

INFLUENCE OF THE ANTARCTIC OZONE HOLE

on the Earth’s surface (Levelt et al. 2018), OM|
measurements can present systematic observed
gaps as observad in Figure 2. The OMI satellite
daily TCO values (blue) and the -1, 50 (277 DU)
threshold value (black starred line) for October
2015 are presented in the Figure 2a. From thirty-
one days, sixteen (51.6%), were observed below
the -1.50 threshold, being considered of TCO
reduction, which were verified by the ozone
profiles and atmospheric dynamics analysis
in order to search of the Antarctic Ozone Hole
Influence events over southern Brazil. The
search for days in which the TCO was below the
-1.50 threshold resulted in the identification of
two Antarctic Ozone Hole Influence events over
southern Brazil in 2012 by Peres et al. (2016), 62
events in the 1979 to 2013 period by Peres et al.
(2019) including the major event in October 20,
2016, by Bittencourt et al. (2018), which caused
23% TCO reduction.

In the Figure 2b, the daily UVI values (blue)
and the 7.6 UVI October 2015 average value
(black starred line) are presented. It is observed

OMI TCO October 2015

0 2 4 8 8 10 12 14

16 18 20 22 24 26 28 30 32

OMI UVI October 2015

12 b) T T T T T T T T T T -
10 : ; : : : : : Y | ; -
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Figure 2. (a): Daily TCO values (blue) and the -1.50 threshold value(black starred line). (b) Daily UVI values (bleu)
and UVI October 2015 average (starred black line). (c) Daily RCF values (bleu) and RCF October 2015 average

(starred black line).
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that 45.2 % of the days were above the referred
monthly average.Analyzes over Southern Brazil
detected that 1% ozone variations can cause
0.94% to 1.36% UV variations Guarnieri et al.
(2004), being this type of correlation already
well established as mentioned by Calbo et
al. (2005). The Figure 2c present the dayly RCF
values (blue) and the 0.44 RCF October 2015
average value (black starred line), on what 38.7
% of the days were above this monthly average.
Since clouds can exert great influence on UV
radiation, how to reduce its transmittance by
81% in high clouds conditions over Argentina
(Cede et al. 2002), analyzing your occurrence as
a function of ozone depletion events and UV
variations becomes important.

The October 29, 2015, stands out in
this analysis for having 2711 DU TCO value,
representing a 71% ozone reduction in relation
to the 290.2 DU October climatological value
(Peres et al. 2017), the highest UVI value (11.8)

Ozone Profiles
850
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for October 2015, representing +53.9 UVI increase
and resent clear sky (0 RCF) condition. The
sum of these factors makes this event the best
example to demonstrate the methodology used
to identify the influence of the Antarctic Ozone
Hole over Southern Brazil in october 2015.

The vertical ozone profile for the present
day (red line), obtained from the ECMWF ERA -
Interim reanalysis, was compared whit 1986 to
2015 october average ozone profile (black line)
in order to verify what level occour the major
ozone reduction (Figure 3a), by calculating the
anomaly between them (Figure 3b) .

Was observed in the Figure 3a, that on
average, the highest values begin to occur from
the 450 K potential temperature level, when they
begin to exceed 2 ppmy, reaching their maximum
at 850 K when it reaches nearly 9 ppmv. These
values are in agreement with the mean values
observed for 30°S latitude by Davis et al.
(2017), using SPARC (Stratosphere-troposphere

Ozone Anomaly Profile
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Figure 3. (a) 1986 to 2015 october average ozone profile (black line) and October 29, 2015 ozone profile (red line).
(b) October 29, 2015 ozone anomaly profile (red line) relative to zero (black line). Both obtained from the ECMWF

ERA-INTERIM Reanalysis in ppmv.
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Processes and their Role in Climate) Reanalysis
data sets. From 650 K potential temperature
level to up, ozone reductions were identified,
region where the October 29, 2015 ozone profile
(red line) has values below of the 1986 to 2015
october average ozone profile (black line). In
order to quantify this reduction, the anomaly
between them was calculated (Figure 3b) and
no significant anomalies are observed from
initial to around 400 K potential temperature
levels. Between 400 and 500 K levels, ~0.2 ppmv
negative anomalies are observed and more than
0.4 ppmv positive anomaly is observed in 600 K
level.

These levels are in contrast with the levels
above 600 K, where intense ozone reductions
are evident, with a maximum negative anomaly
close to 1.4 ppmv at 850 K level are observed.
From the 700K potential temperature level,
approximately 24 km and the average ozone
layer level at mid-latitudes (Solomon 1999), the
potential vorticity maps were analyzed in order

—

INFLUENCE OF THE ANTARCTIC OZONE HOLE

to performe the dynamics analysis and verify
the origin of the air masse that caused this
ozone reduction (Figure 4). The 700K potential
temperature level is often used in studies about
ozone isentropic transporte by atmospheric
dynamics as performed by Portafaix et al. (2003)
and Semane et al. (2006) in the stratospheric
South Hemisphere.

With the beginning of SH winter, increase
the stratospheric circumpolar winds speed,
delineating the barrier between polar and
mid-latitude air called “Polar Vortex"(Mizuta &
Yoden 2001) with your edge positioned around
60°S (Joseph & Legras 2002). The area of the
Antarctic Ozone Hole is characterized by the
polar vortex edge positioning (Shepherd 2007),
which is determined by the high potential
vorticity gradient region (Nash et al. 1996, Serra
& Haller 2017). Air masses advection processes,
induced by planetary Rossby waves (Mclntyre
& Palmer 1984), can result in polar filaments,
which detach from the edge of the polar vortex

)

ST

"
¢

635 - 655 A '
80W 75W 70W 65W 60W 35W SOW 45W 40W 35W 30W 25 555801# T5W 70W 65W 60W S5W SOW 45W 40W 35W 30w 25 BOW 75W 70W 63W 60W S3W S0W 45W 40W 35W 30W 25W

Figure 4. Potential Vorticity and wind fields in 700 K isentropic potential temperature level signaling the air
masses stratosphereric dynamics from October 27 (a), 28 (b) and 29 (c), 2015 at 12 UTC.
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and reach mid-latitudes and reduce the ozone
content over these regions (Schoeberl et al.
1995).

So, in order to diagnose the stratosphereric
dynamics that caused these observed ozone
reduction, the 700K PV maps from October 27 to
29, 2015 where analised in Figure 4. In October
27, 2015 (a), was observed a zonal behavior of
PV, with values between -60 and -80 PVU over
the central region of the Rio Grande do Sul
state (marked with a triangle). The polar origin
air masses advection starts to be observed
over the Uruguay in October 28, 2015 (b), with
lower PV values is inside an elongated system
as a cyclonic circulation tongue. Southern
Brazil begins suffer advection from prevailing
southerly winds, reducing their PV values to -80
to -100 PVU.

On October 29, 2015 (c), arrive the polar
origin air mass over Southern Brazil on the rear
of the cyclonic circulation system, carried by an
amplification of anticyclonic circulation system.
Thus, the stratospheric fields indicated a PV
decrease that reach values between -100 to -120
PVU in the 700 K level of potential temperature,
evidencing the polar origin of the air mass in a
manner analogous to that verified by Leblanc
et al. (2004), that identified large transient
displacements of stratospheric air masses
causing ozone variability through advection
analysis in potential vorticity fields at isentropic
levels, accompanied by Rossby wave breaking
events.

High degree of correlation between PV and
ozone that can be observed from 340 to above
700 K isentropic level, responsible for negative/
positive ozone deviations coincident with
transport from regions with climatologically
low/high ozone values (Koch et al. 2002).
Similar behavior of a transient system, whit
alternation of wind dynamic system from a
cyclonic circulation to an anticyclonic circulation

INFLUENCE OF THE ANTARCTIC OZONE HOLE

system, preferentially coming from the south,
transported polar origem lower PV and ozone
values over Southern Brazil over the 700 K
isentropic level as observed in the Figures 4 and
5

Similar to the PV field in Figure 4, the 700K
ozone field and the NOAA's HYSPLIT model
backward trajectory at the 20, 24 and 26 km
heights in the Figure 5, presents an air masses
polar origin advection process that reduced the
ozone content over southern Brazil. In October
27, 2015 (a) and (d), a zonal behavior of air
masses over Southern Brazil is observed, with
7 to 6.65 ppmv ozone values. A polar tongue
air mass is observed in the 700K ozone field
over de Uruguay in October 28, 2015 (b), which
begins to impact the ozone content over the
Santa Maria region, reducing it to between 6.65
and 6.3 ppmv. However for that day, the HYSPLIT
backward trajectory (e) still not point to the air
mass passing inside the polar circle.

The southern air mass advection process
continues and in October 29, 2015 (c) the polar
tongue reaching Southern Brazil. This causes
the ozone depletion to 6.3 and 5.95 ppmv and
is evidenced that the air mass pass over the
polar circle in the HYSPLIT backward trajectory
(f), configuring the occurrence of Influence of
the Antarctic Ozone Hole over Southern Brazil
in this date, similarly to observed by Bresciani et
al. (2018) and Bittencourt et al. (2018) for other
events of this type. These strengthening of ridge-
related to negative PV and ozone anomalies in
stratospheric levels is associated with Rosshy
wave breaking events, here diabatic heating
reduces the static stability near the tropopause
and contributes to this process (Zhang & Wang
2018).

The present ozone reductions observed
in the Antarctic Ozone Hole Influence event
over Southern Brazil on October 29, 2015 also
presented an 11.7 UVI value, representing a
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Figure 5. Era Interin 700 K daily ozone average fields (in ppmv) and NOAA’s HYSPLIT model air masses backward
trajectory for October 27 (a and d), 28 (b and e) and 29 (c and f) at 12 UTC.

53.9% increase in relation to 7.6 UVI October
2015 average value. This IUV value is considered
very high according to the criteria of the
World Health Organization (WHO 2002), which
recommends extra protection to the population,
such as avoiding being outdoors during the
midday, seeking shade and essential use of
long sleeve shirt, sunscreen and cap. This high
observed UVI value was favored due to clear
sky condition in this day, verified by 0 RCF value
and in the channel 3 water vapor images from
the Geostationary Operational Environmental
Satellite GOES-13 (Figure 6), in both hours of
high brightness of the day as 12 UTC (a), 15 UTC,
(b) and 18 UTC (c), not attenuating the present
radiation that reached the surface in the central
region of the Rio Grande do Sul state.

Analyzing this sequence of satellite images
in Figure 6, it is possible to observe that the
synoptic characteristicsin October 29,2015 points
to a stable post-frontal air mass acting over
southern Brazil, without significant cloudiness.

This is related to the presence of subsidence
region of the polar jet and the post-frontal high
pressure system, which advects cold air, that
discouraging the cloudiness formation over
this region. This postfrontal synoptic condition
pattern has already been observed by Peres et
al. 2011 and 2014 in other events of Influence of
the Antarctic Ozone Hole over Southern Brazil
in 2008 and 2012 respectively.

Table | shows all five events of Influence of
the Antarctic Ozone Hole over Southern Brazil in
October 2015. On average, this events presented
258.7+6.6 DU TCO values, 7.4+2.3% ozone
rediction in relation to October climatological
value, 8.8x41 UVI value that representing 16.6%
UVl increases in relation to 2015 October average
and 0.25:0.42 RCF value, representing that on
average the events occur on partially cloudy
days.

The cloudiness analysis in each event is
presented and observed that clear sky days
(0 RCF) predominates in both events with the
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SRR B . . "
Figure 6. Channel 3 Water vapor images from the Geostationary Operational Environmental Satellite GOES-13 of the

INFLUENCE OF THE ANTARCTIC OZONE HOLE

Environmental Satellites and Systems Division of the Center for Weather Forecasting and Climate Studies for 12

UTC (a), 15 UTC, (b) and 18 UTC (c) on October 29, 2015.

highest UVI value in October 29 (11.7 UVI and
+53.9% UVI variation) and 24 (10.9 UVI and +43.4%
UVI variation) 2015, despite ozone reductions in
relation to october climatology are not as deep,
-6.54% and 5.89% respectively. Partly Cloudy
events as in October 16 and 20, 2015 showed
the same 101 UVI values despite of different
ozone reductions (-111% and -5.37%) and cloud
cover (018 and 011 RCF). October 8, 2015, showed
Cloudy sky condition (1 RCF), resulting in low
UVI value (1.53) despite relatively deep ozone
depletion (-81%).

In 37 events of Influence of the Antarctic
Ozone Hole over Southern Brazil investigated
by Bittencourt et al. (2019), the atmospheric
behavior was predominant with 70% of cases
occurring after the passage of frontal systems
and 92% occurred in the presence of the
subtropical and/or polar jet stream over the
region of study. However, even if the passage of
0zOne-poor air masses can cause increase in UV

radiation to in relation to expected for a specific
time of year, factors such as aerosols and clouds
can cause decrease these levels (Palancar &
Toselli 2004, Utrillas et al. 2018), corroborating
with the results found in this analysis.

The effect of cloudiness on ultraviolet
radiation has been subject of several studies
and helps to explain the results found here.
Mayer et al. (1998) found experimental and
theoretical evidence explaining the UV radiation
increase due to multiple scattering in clouds,
showing that the paths of photons in clouds
can be increased by a factor of 10 compared
to the cloudless sky, this finding being of great
importance in remote sensing applications that
take advantage of the measurement of scattered
radiation to infer the abundance of atmospheric
trace gases. Cumulus clouds, common in frontal
systems, can cause not only deep drops, but
also remarkable increases in radiation levels,
which constitute the so-called broken cloud
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Table I. Antarctic Ozone Hole Influence events over Southern Brazil in October 2015. Daily average TCO value,
percentage of the TCO variation from the October climatological average, daily UVI value, the percentage of UVI
variation from the October 2015 average, daily RCF value and cloudness.

Events TCO(UD) Var TCO (%) uvi Var UVI (%) RCF Cloudness
08/10/2015 266.7 -81 1.53 -79.8 1 Cloudy sky
16/10/2015 2581 -1 101 +32.9 018 Partly Cloudy
20/10/2015 274.6 -5.37 101 +32.9 0m Partly Cloud
24/10/2015 2731 -5.89 10.9 +43 4 0 Clear sky
29/10/2015 271.2 -6.54 1.7 +53.9 0 Clear sky

Mean 258.7+6.6 74423 8.8+4]1 16.6+54.6 0.25+0.42 Partly Cloud

effect, in function that fragmented clouds are
often brighter, leading to a radiation gain. (Nack
& Green 1974).

Even in high places like Peru, where clear
sky conditions register high UVI values, adverse
weather conditions such as strong presence of
clouds and precipitation, which block part of the
solar radiation mainly in summer and autumn,
with the highest UVI average only in winter
where it presents less cloudiness (Yamamoto
et al. 2018). Feister et al. (2015) point out that
the scattering of solar radiation from clouds can
affect the surface energy balance and obtain
solar energy gains for power generation. In
addition, in the ultraviolet region, cloudiness
can cause an damage increased risk to living
organisms, and the role of clouds is the main
atmospheric agent that causes UVR variability
(McKenzie et al. 2007). They are more transparent
to UVR than to visible radiation (400 to 780 nm)
meaning that their presence, even covering 100%
of the sky, is not a guarantee of no harmless
radiation levels (Seckmeyer et al. 1996).

Clouds generally reduce surface UV
irradiances, although the magnitude of this effect
is highly variable depending on cloud amount
and coverage, cloud cell morphology, particle
size distributions and phase (water droplets and
ice crystals), and possible in-cloud absorbers

An Acad Bras Cienc (2023) 95(Suppl. 3)

(especially tropospheric ozone). It is useful to
note that under some conditions, UV irradiances
can be higher than for clear sky, as for example
when both direct sunlight and light scattered
by clouds reach the observer (Madronicha et al.
1998). Jesus (2015) found that UV radiation in the
presence of clouds interacts as follows: When
clouds are optically thin, it transforms direct
irradiance into diffuse irradiance. When clouds
are thicker, multiple scattering stands out,
extinguishing surface irradiances and increasing
upward radiances.

In order to quantify the impact of the
Antarctic Ozone Hole influence on ozone profile
over Southern Brazil in relation to isentropic
levels during October 2015, the average ozone
profile of the five events presented in Table |
was calculated and analyzed in comparison to
the 1986 to 2015 October average profile (Figure
7a) and the anomaly profile of the events was
also calculated (Figure 7b).

In Figure 73, is observed that the levels
below 500 K can contain three times less ozone
than the levels above 650 K and that in the
October 2015 events average, negative anomalies
in ozone content were observed between 400
and 550K, with maximum in 475K near -0.4 ppmv
and above 650K with maximum in 850K near to
-0.9 ppmv (Figure 7b). Below 400 K the ozone
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Figure 7. (a) 1986 - 2015 October average ozone profile (black line) and the October 2015 events average ozone
profile (red line). (b) October 2015 average events ozone anomaly profile (red line) relative to zero (black line).

Both obtained from the ECMWF ERA-INTERIM Reanalysis in ppmv.

reductions are close to 0 ppmv and between 550
K and 650 K positives anomalies are observed
with maximum in 600K near to +0.4 ppmv. This
magnitude of ozone anomaly in vertical profiles
is consistent with variability and trend studies
performed by Kiesewetter et al. (2010).

Since 24 km height is closer to the mean
ozone layer level at mid-latitudes, and shows
significant negative ozone anomaly, the 700
K potential temperature level was selected
to ozone anomalies verification in ozone
concentration fields. The isentropic transport of
polar origin air masses toward Southern Brazil
can be quantified by analyzing the Figure 8,
which presents the 1986 to 2015 October average
ozone field (a), the October 2015 events average
ozone field (b), and the October 2015 events
anomalies (c), both for the 700 K isentropic level.

In the 1986 to 2015 October average ozone
field (a), the presence of a zonal ozone gradient
values is observed, with lower values positioned

toward the pole and higher values toward the
equator, with the central region of the state of
Rio Grande do Sul having values between 6.65
and 7 ppmv. In the October 2015 events average
ozone field, the propagation of a synoptic
scale wave disturbance is observed, leading to
northward the lines of lower values of this ozone
gradient over the Atlantic Ocean, which resulted
in the transport of a lower ozone values polar
origin tongue toward the central region of Rio
Grande do Sul state, which was left with values
between 6.3 and 6.65 ppmv (b). This lower ozone
values polar origin tongue, caused anomalies
in relation to the 1986 — 2015 October average
between -0.2 and -0.4 ppmv that extend from
Pacific Ocean, passing through to Nort Chile and
Argentina, Southern Brazil and Uruguay and go
to the Southeast Atlantic Ocean.

This transient system format extending
from the Pacific Ocean to the Atlantic Ocean,
passing through Southern Brazil and Uruguay
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HS carried out by Marchand et al. (2005) and
Hauchecorne et al. (2002). Studies by Semane et
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of ozone in the stratosphere caused an unusual
ozone reduction in the Southern Hemisphere
subtropics, more precisely over Irene (25.5
°S, 281 °E) in mid-May 2002 and demonstrate
the importance of the stratosphere dynamics
impact studies during the Antarctic Ozone Hole
Influence over Southern Brazil events occurrence
for longer time periods.
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Figure 8. 1986 to 2015 October average ozone field (a), the October 2015 events average ozone field (b), and the
October 2015 events anomalies (c). Both for the 700 K isentropic level.

CONCLUSIONS

The impact of the Influence of the Antarctic
Ozone Hole over Southern Brazil events in
October 2015 was analyzed in the present study.
Was found that 51.6% of the days has ozone
reduction below the -1.50 limit and with UVI
values above the October 2015 average, resulting
in five events identified.

As an example of this type phenomenon
identification, the event occurred in October 29,
2015 was presented. This event has a 6.54% TCO
reduction and a 53.9% UVI increase with a clear
sky day, intense reductions in ozone content
above 600 K levels which reached close to 1.4
ppmv at the 850 K level, caused by an air mass
polar origin tonge, surrounded by a cyclonic
circulation with predominantly southerly winds.
This type of analysis was effective to identifying
five events in October 2015, with -7.4+2.3% TCO
reduction which impacted an +16.6+54.6% UVI
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increase whit a predominance of partly cloudy
days.

In addition, other impacts of these events
were observed in ozone profiles that had
negative anomalies at all levels, being more
significant from 650 K where reached 1.4 ppmv
at 850K. In 700K ozone fields, the isentropic
transport pointed to the presence of lower
ozone values polar origin tongue that caused
anomalies between -0.2 and -0.4 ppmv extending
from extend from Pacific Ocean, passing through
to Nort Chile and Argentina, Southern Brazil and
Uruguay and go to the Southeast Atlantic Ocean,
with transient system format similar to traveling
disturbances forced with eastward-traveling
Rossby waves, demonstrating the importance
of conducting this type of study for longer
periods of time. With a better understanding
of this phenomenon type and your future
forecast, will be possible to inform the affected
populations in advance, so that they can follow
the recommendations established by the World
Health Organization.

Acknowledgments

This work is a Bachelor in Atmospheric Sciences course
at the Federal University of Western Para product,
with financial support from the Institutional Scientific
Initiation Scholarship Program (PIBIC-UFOPA). The
authors express their thanks to the MESO Project -
Modeling and Prediction of the Secondary Effects of
the Antarctic Ozone Hole, linked to the Coordenacao de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES/
COFECUB), Process No. 88887.130199/201701 and Instituto
Nacional de Ciéncia e Tecnologia Antarico de Pesquisas
Ambientais, Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico - CNPq process no. 574018/2008-
5 and Fundagao de Amparo a Pesquisa do Estado do
Rio de Janeiro - FAPER) process no. E-16/170.023/2008.
They also thank NASA for the OMI satellite data, ECMWF/
ERA-Interim for the daily ozone and PV data, and NOAA
for the products generated through the HYSPLIT model.

INFLUENCE OF THE ANTARCTIC OZONE HOLE

REFERENCES

ACKER )G & LEPTOUKH G. 2007. Online analysis enhances
use of nasa earth science data. Eos, Trans AGU 88: 14-17.

BITTENCOURT GD, BRESCIANI C, KIRSCH PINHEIRO D, BAGESTON
JV, SCHUCH NJ, BENCHERIF H & VAZ PERES L. 2018. A major
event of antarctic ozone hole influence in southern
brazil in october 2016: an analysis of tropospheric and
stratospheric dynamics. Ann Geophys 36(2): 415-424.

BITTENCOURT GD, PINHEIRO DK, BAGESTON JV, BENCHERIF
H, STEFFENEL LA & VAZ PERES L. 2019. Investigation of
the behavior of the atmospheric dynamics during
occurrences of the ozone hole's secondary effect in
southern brazil. Ann Geophys 37: 1049-1061.

BRESCIANI C, BITTENCOURT GD, BAGESTON JV, PINHEIRO DK,
SCHUCH NJ, BENCHERIF H & PERES LV. 2018. Report of a large
depletion in the ozone layer over southern brazil and
uruguay by using multi-instrumental data. Ann Geophys
36(2): 405-413.

CALBO ), PAGES D & GONZALEZ J-A. 2005. Empirical studies
of cloud effects on UV radiation. A review Rev Geophys
43: 2002-2005.

CEDE A, LUCCINI E, PIACENTINI RD, NUNEZ L & BLUMTHALER M.
2002. Monitoring of Erythemal Irradiance in the Argentine
Ultraviolet Network. ] Geophys Res Atmos 107: 4165-4175.

CORREA MP. 2015. Solar ultraviolet radiation: properties,
characteristics and amounts observed in Brazil and
South America. An Bras Dermatol 90(3): 297-313.

CPTEC/INPE. 2021. Division of Satellites and Environmental
Systems. Accessed 10 Mar. 2021. http://satelite.cptec.
inpe.br/acervo/goes.formulario.logic.

DAMIANI A, CORDERO RR, CABRERA S, LAURENZA M & RAFANELLI
C.2014. cloud cover and UV index estimates in Chile from
satellite-derived and ground-based data. Atmos Res 138:
139-151. https://doi.org/101016/j.atmosres.2013.11.006.

DAVIS SM ET AL. 2017. Assessment of upper tropospheric
and stratospheric water vapor and ozone in reanalyses
as part of S-RIP. Atmos Chem Phys 17: 12743-12778. https://
doi.org/10.5194/acp-17-12743-2017.

DEEDPETAL.2011. The era-interim reanalysis: configuration
and performance of the data assimilation system. Q J R
Meteorol Soc 137: 553-597.

DESSLER AE. 2000. The chemistry and physics of
stratospheric ozone, academic, San Diego, California 1
214.

DIAS NUNES M, MARIANO GL & ALONSO MF. 2020. Spatio-
temporal variability of total ozone column and ultraviolet
radiation: assessment of relationship in South America.

An Acad Bras Cienc (2023) 95(Suppl. 3) €20210528 14|18



ALANNA M. DE SOUZA et al.

Brazilian Journal of Physical Geography 13(05): 2053-2073.
DOI: https://doi.org/10.26848/rbgfv13.5.p2053-2073.

DOS REIS MAG, PERES LV, BITTENCOURT GD, PINHEIRO DK,
STEFFENEL LA, BENCHERIF H, SILVA R, NUNES MD & BAGESTON
JV. 2021. Eventos de Influéncia do Buraco de Ozdnio
Antartico Ocorridos em 2016 Sobre o Sul do Brasil.
Anuario do Instituto de Geociéncias &44: 35438. https://
doi.org/1011137/1982-3908_2021_44_36142.

FARMAN JC, GARDINER BG & SHANKLIN JD. 1985. Large losses
of total ozone in antarctica reveal seasonal clox/nox
interaction. Nature 315: 207-210.

FEISTER U, CABROL N & HADER D. 2015. UV Irradiance
Enhancements by Scattering of Solar Radiation from
Clouds. Atmosphere 6: 1211-1228.

FIOLETOV V, KERR JB & FERGUSSON. 2010. A. The UV Index:
Definition, Distribution and Factors Affecting It. Can )
Public Health 101: 15-19.

GETTELMAN A, HOOR P, PAN LL, RANDEL WJ, HEGGLIN M| &
BIRNER T. 2011. The extratropical upper troposphere and
lower stratosphere. Rev Geophys 49: 267-268.

GUARNIERI RA, PADILHA LF, GUARNIERI FL, ECHER E & MAKITA
K, PINHEIRO DK, SCHUCH AMP, BOEIRA LS & SCHUCH NJ. 2004.
Study of the anticorrelations between ozone and uv-b
radiation using linear and exponential fits in southern
Brazil. Adv Space Res 34: 764-768.

GUHA A, MECHOSO CR, KONOR CS & HEIKES RP. 2016
Modeling Rossby Wave Breaking in the Southern Spring
Stratosphere. | Atmos Sci 73: 393-406.

HAUCHECORNE A, GODIN S, MARCHAND M, HEESE B & SOUPRAYEN
C. 2002. Quantification of the transport of chemical
constituents from the polar vortex to midlatitudes in the
lower stratosphere using the high-resolution advection
model mimosa and effective diffusivity. ] Geophys Res
Atmos 107: 1-13.

HASSLER B, DANIEL JS, JOHNSON B J, SOLOMON S & OLTMANS SJ.
2011.An assessment of changing ozone loss rates at south
pole: twenty-five years of ozonesonde measurements. |
Geophys Res-Atmos 116: 1-12.

HIO Y & YODEN S. 2004. Quasi-periodic variations of the
polar vortex in the Southern Hemisphere stratosphere
due to wave-wave interaction. ] Atmo Sci 61: 2510-2527.
doi10.1175/)JAS32571.

ICNIRP - INTERNATIONAL COMMISSION OF NON-IONIZING
RADIATION PROTECTION. 2004. Guidelines on limits of
exposure to ultraviolet radiation of wavelength between
180 nm and 400 nm (incoherent optical radiation).
Health Physics 87: 171-186.

INFLUENCE OF THE ANTARCTIC OZONE HOLE

JESUS HS. 2015. Estudo teorico e observacional dos efeitos
da nebulosidade na radiagao ultravioleta. Dissertagao
de Mestrado. Instituto Nacional de Pesquisas Espaciais
- INPE. (Unpublisehd).

JOSEPH B & LEGRAS B. 2002. “Relation between kinematic
boundaries, stirring, and barriers for the Antarctic polar
vortex. ] Atmos Sci 59(7): 1198-1212.

KIESEWETTER G, SINNHUBER BM, VOUNTAS M, WEBER M &
BURROWS JP. 2010. A long-term stratospheric ozone data
set from assimilation of satellite observations: high-
latitude ozone anomalies. J Geophy Res Atmos 115(D10).

KIRCHHOFF VWJH, ECHER E, LEME NP & SILVA AA. 2000.
A variacao sazonal da radiacao ultravioleta solar
biologicamente ativa. Rev Bras Geof 18(1): 63-74.

KIRCHHOFF VWJH, SCHUCH NJ, PINHEIRO DK & HARRIS JM. 1996.
Evidence for an ozone hole perturbation at 302 south.
Atmos Environ 33(9): 1481-1488.

KOCH G, WERNLI H, STAEHELIN J & PETERT. 2002. A Lagrangian
analysis of stratospheric ozone variability and long-term
trends above Payerne (Switzerland) during 1970 - 2001. )
Geophys Res 107: 2-14. d0i:10.1029/2001)D001550.

LEBLANC T, MCDERMID IS & HAUCHECORNE A. 2004. A study
of ozone variability and its connection with meridional
transport in the northern Pacific lower stratosphere
during summer 2002. J Geophys Res 109: D11105.
d0i:101029/2003)D004027.

LEVELT P, OORD GHJ, DOBBER M, MALKKI A, VISSER H, VRIES J,
STAMMES P, LUNDELL J & SAARI H. 2006. The ozone monitoring
instrument, ieee t. Geosci Remote Sens 44: 1093-1101.

LEVELT PF ET AL. 2018. The Ozone Monitoring Instrument:
overview of 14 years in space. Atmos Chem Phys 18: 5699-
5745. https://doi.org/10.5194/acp-18-5699-2018.

LIOU KN. 2002. An introduction to atmospheric radiation,
International Geophysics Series, Academic Press 84: 583.

LONDON J. 1985. Observed distribution of atmospheric
ozone and its variations. In: Whitten RC & Prasad SS
(Eds). ozone in the free atmosphere. new york: van
nostrand reinhold. Cap. 1, p. 11-80.

MADRONICH S, MCKENZIE RL, BJORNC BLO & CALDWELLD MM.
1998. Changes in biologically active ultraviolet radiation
reaching the Earth’s surface. ] Photochem Photobiol B,
Biol 46(1-3): 5-19.

MARCHAND M, BEKKI S, PAZMINO A, LEFEVRE F, GODIN-
BEEKMANN S & HAUCHECORNE A. 2005. Model simulations
of the impact of the 2002 antarctic ozone hole on the
midlatitudes. ) Atmos Sci 62: 871-884.

An Acad Bras Cienc (2023) 95(Suppl. 3) 20210528 15|18



ALANNA M. DE SOUZA et al.

MAYER B, KYLLING A, MADRONICH S & SECKMEYER G. 1998.
Enhanced absorption of UV radiation due to multiple
scattering in clouds: Experimental evidence and
theoretical explanation. ) Geophys Res 103: 31.241-31.254.

MCINTYRE ME & PALMER TN. 1984. The surf zone in the
stratosphere, | Atmos Terr Phys 9: 825-849.

MCKENZIE RL, AUCAMP PJ, BAIS AF, BJORN LO & ILYAS M. 2007.
Changes in biologically-active ultraviolet radiation
reaching the Earth’s surface. Photochem Photobiol Sci
6: 218-231.

MCKENZIE RL, LILEY JB & BJORN LO. 2009. UV radiation:
balancing risks and benefits. Photochem Photobiol 85:
88-98.

MIZUTA R & YODEN S. 2001. Chaotic mixing and
transport barriers in an idealized stratospheric
polar vortex. ] Atmos Sci 58: 2616-2629. https://doi.
org/101175/1520-0469(2001)058<2616:CMATBI>2.0.CO;2.

NACK ML & GREEN AES. 1974. Influence of clouds, haze, and
smog on the middle ultraviolet reaching the ground.
Applied Optics 13: 2405-2415.

NASH ER, NEWMAN PA, ROSENFIELD JE & SCHOEBERL MR. 1996.
An objective determination of the polar vortex using
Ertel's potential vorticity. ] Geophys Res 101: 9471-9478.
https://doi.org/10.1029/96)D00066.

NDARANA T, WAUGH DW, POLVANI LM, CORREA GJP & GERBER
EP. 2012. Antarctic ozone depletion and trends in
tropopause rossby wave breaking. Atmos Sci Lett 13(3):
164-168.

OLIVEIRA MMF. 2014. Radiacdo ultravioleta/ indice
ultravioleta e cancer de pele no brasil: condicoes
ambientais e vulnerabilidades sociais. Rev Bras Climatol
[s.L.] 13: 1-14. ISSN 2237-8642.

PALANCAR GG & TOSELLI BM. 2004. Effects of meteorology
on the anual and interanual cycle of the UVB and total
radiation in Cordoba City, Argentina. Atmos Environ 38:
1073-1082.

PERES LV ET AL. 2017. Measurements of the total ozone
column using a brewer spectrophotometer and Toms
and Omi satellite instruments over the southern space
observatory in Brazil. Ann Geophys 35: 25-37.

PERES LV, KALL E, CRESPO NM, FONTINELE JL, ANABOR V,
PINHEIRO DK, SCHUCH NJ & LEME NMP. 2011. Caracterizagao
sinotica do evento de efeito secundario do buraco de
0zOnio antartico sobre o sul do brasil do dia 14/10/2008.
Ciéncia e Natura, ed. Suplementar, Universidade Federal
de Santa Maria, p. 323-326.

INFLUENCE OF THE ANTARCTIC OZONE HOLE

PERES LV, PINHEIRO DK, STEFFENEL LA, MENDES D, BAGESTON }V,
BITTENCOURT GD & BENCHERIF H. 2019. Monitoramento de
longo prazo e climatologia de campos estratosféricos
quando da ocorréncia dos eventos de influéncia do
buraco de ozdnio antartico sobre o sul do Brasil. Rev
Bras Meteorol 34(1): 151-163.

PERES LV, REIS NCS DOS, SANTOS LDO DOS, BITTENCOURT
GD, SCHUCH AP, ANABOR V, PINHEIRO DK, SCHUCH NJ & LEME
NMP. 2014.Analise Atmosférica dos Eventos de Efeito
Secundario do Buraco De Ozdnio Antartico Sobre O
Sul do Brasil Em 2012. Parte 2:Verificacao Sinotica da
Troposfera Durante Os Eventos. Ciéncia e Natura 36(2):
423-433. https://doi.org/10.5902/2179460x13151.

PERES LV, REIS NCS, SANTOS LO, BITTENCOURT GD, SHUCH AP,
ANABOR V, PINHEIRO DK, SCHUCH NJ & LEME NP. 2016. Analise
atmosférica dos eventos de efeito secundario do buraco
de 0zonio antartico sobre o sul do brasil em 2012. Parte
1. identificacao dos eventos e analise da dinamica da
estratosfera. Ciéncia e Natura 38: 290-299.

PINHEIRO DK, LEME NP, PERES LV & KALL E. 2011. Influence
of the antarctic ozone hole over south of Brazil in 2008
and 2009. Annual active report 2010 - National Institute
of Science and Technology Antarctic Environmental
Research 1: 33-37.

PINHEIRO DK, PERES LV, CRESPO NM, SCHUCH NJ & LEME NP.
2012. Influence of the antarctic ozone hole over south
of Brazil in 2010 and 2011. Annual active report 2011 -
National Institute of Science and Technology Antarctic
Environmental Research 1: 34-38.

PORTAFAIX T, MOREL B, BENCHERIF H, BALDY S, GODINBEEKMANN
S & HAUCHECORNE A. 2003. Fine-scale study of a thick
stratospheric ozone lamina at the edge of the southern
subtropical barrier. ) Geophys Res 108(d6): 4196.

RODRIGUEZ J. 2017. Radiacao solar ultravioleta e
fotodermatoses em La Paz - Bolivia (Ultraviolet solar
radiation and photodermatoses in La Paz - Bolivia).
Revista Brasileira de Geografia Fisica [S.L.] 10(2): 371-380.

ROLPH G, STEIN A & STUNDER B. 2017. Real-time
environmental applications and display system: ready.
Environ Modell. Softw 95: 210-228.

SALBY ML. 1996. Fundamentals of atmospheric physics.
International geophysics series, academic press, vol. 61.

SANCHEZ-PEREZ JF, VICENTE-AGULLO D, BARBERA M, CASTRO-
RODRIGUEZ E & CANOVAS M. 2019. Relagao entre o indice
ultravioleta (UVI) e queimaduras solares de primeiro,
segundo e terceiro graus usando a metodologia Probit.
Sci Rep 9: 733.

An Acad Bras Cienc (2023) 95(Suppl. 3) €20210528 16 | 18



ALANNA M. DE SOUZA et al.

SCHOEBERL MR. 1988. Dynamics weaken the polar hole.
Nature 336: 420-421.

SCHOEBERL MR & NEWMAN PA. 1995. A multiple-level
trajectory analysis of vortex filaments. ] Geophys Res
100: 25801-25816.

SCHUCH PA, SANTOS MB, LIPINSKI VM, PERES LV, SANTOS CP,
CECHIN SZ, SCHUCH N J, PINHEIRO DK & LORETO ELS. 2015.
Identification of influential events concerning the
antarctic ozone hole over southern brazil and the
biological effects induced by uvb and uva radiation in
an endemic treefrog species. Ecotoxicol Environ Saf 118:
190-198.

SECKMEYER G, ERB R & ALBOLD A. 1996. Transmittance of
a cloud is wavelength-dependent in the UV-range.
Geophys Re Lett 23: 2753-2755.

SEMANE N, BENCHERIF H, MOREL B, HAUCHECORNE A & DIAB
RD. 2006. An unusual stratospheric ozone decrease in
southern hemisphere subtropics linked to isentropic
air-mass transport as observed over irene (25.59 s, 2819
e) in mid-may 2002. Atmos Chem Phys 6: 1927-1936.

SERRA M & HALLER G. 2017: Efficient computation of
null geodesics with applications to coherent vortex
detection. Proc Roy Soc London, 473A. 20160807. https://
doi.org/101098/rspa.2016.0807.

SHEPHERD T. 2007: Transport in the middle atmosphere.
J Meteor Soc Japan 85: 165-191. https://doi.org/10.2151/
jms;j.85B.165.

SOLOMON S. 1999. Stratospheric ozone depletion: a review
of concepts and history. Rev Geophy 37(3): 275-316.

STEFFENEL LA, PINHEIRO MK, PINHEIRO DK & PERES LV. 2016
Using a pervasive computing environment to identify
secondary effects of the antarctic ozone hole. Procedia
Comput Sci 83:1007-1012.

UTRILLAS MP, MARIN MJ, ESTEVE AR, SALAZAR G, SUAREZ H,
GANDIA S & MARTINEZ-LOZANO JA. 2018. Relationship
between erythemal UV and broadband solar irradiation
at high altitude in Northwestern Argentina. Energy 162:
136-147.

WILKS DS. 2011. Statistical Methods in the Atmospheric
Sciences. Second Edn., Vol. 91 (Academic Press, Inc., San
Diego, 2011).

WHO. Global Solar UV Index: A practical guide. A joint
recommendation of the World Health Organization,
World Meteorological Organization, United Nations
Environment Programme, and the International
Commission on Non-lonizing Radiation Protection.
Geneva: WHO, 2002, 1-32.

INFLUENCE OF THE ANTARCTIC OZONE HOLE

WMO - WORLD METEOROLOGICAL ORGANIZATION. 2002. GENEVA,
SWITZERLAND. 2002. Scientific assessment of ozone
depletion: 2002, global ozone research and monitoring
project-report no. 47.

YAMAMOTO ALC, CORREA MDP & CCOYLLO ORS. 2018. Validation
and Analysis of UV Radiation Time Series Collected In
Different Peruvian Sites. Rev Bras Meteorol, Scielo Brasil
33(2): 298-305. https://doi.org/10.1590/0102-7786332011.

ZHANG G & WANG Z. 2018. North Atlantic extratropical
Rossby wave breaking during the warm season: Wave
life cycle and role of diabatic heating. Mon Weather Rev
146(3): 695-712. https://doi.org/101175/ MWR-D-17-02041.

How to cite

SOUZA AM ET AL. 2023. Impacts of the antartic ozone hole influence
events over southern Brazil in October 2015. An Acad Bras Cienc 95:
€20210528. DOI 10.1590/0001-3765202320210528.

Manuscript received on April 7, 2021;
accepted for publication on August 20, 2021

ALANNA M. DE SOUZA'
https://orcid.org/0000-0002-0519-2123

LUCAS V. PERES'
https://orcid.org/0000-0002-5612-5991

GABRIELA D. BITTENCOURT?
https://orcid.org/0000-0002-4572-119X

DAMARIS K. PINHEIRO?
https://orcid.org/0000-0001-6939-7091

BIBIANA C. LOPES?
https://orcid.org/0000-0002-6732-3096

VAGNER ANABOR?
https://orcid.org/0000-0002-7301-2075

NEUSA M.P. LEME?
https://orcid.org/0000-0002-3377-9917

MARIA PAULETE P. MARTINS*
https://orcid.org/0000-0002-3103-7944

RODRIGO DA SILVA'
https://orcid.org/0000-0001-9222-5861

GABRIELA C.G. DOS REIS'
https://orcid.org/0000-0001-9243-214X

MARCO ANTONIO G. DOS REIS'
https://orcid.org/0000-0001-6364-1049

An Acad Bras Cienc (2023) 95(Suppl. 3) 20210528 17|18



ALANNA M. DE SOUZA et al.

JOSE V. BAGESTON?®
https://orcid.org/0000-0003-2931-8488

HASSAN BENCHERIF®
https://orcid.org/0000-0003-1815-0667

'Universidade Federal do Oeste do Para, Instituto
de Engenharia e Geociéncias, Rua Vera Paz,
s/n, Salé, 68040-255 Santarém, PA, Brazil

*Programa de Pos-Graduagao em Meteorologia,
Universidade Federal de Santa Maria, Av. Roraima,
1000, Camobi, 97105-900 Santa Maria, RS, Brazil

*Coordenacao Espacial do Nordeste, Instituto
Nacional de Pesquisas Espaciais, Rua Carlos Serrano,
2073, Lagoa Nova, 59076-740 Natal, RN, Brazil

“Coordenacao Geral de Engenharia, Tecnologia e
Ciéncias Espaciais, Instituto Nacional de Pesquisas
Espaciais, Av. Astronautas, 1758, Jardim da Granja,
12227-010 Sao José dos Campos, SP, Brazil

°Coordenacao Espacial do Sul, Instituto Nacional
de Pesquisas Espaciais, Av. Roraima, 1000,
Camobi, 97105-340 Santa Maria, RS, Brazil

®Laboratoire de 'Atmosphére et des Cyclones
- LACy, Université de La Réunion, UMR
8105, 97744, Reunion Island, France

Correspondence to: Lucas Vaz Peres
E-mail: lucas.peres@ufopa.edu.br

Author contributions

Conceptualization, AM.S, LV.P. and D.K.P; methodology and
graphics plot, AMS, LV.P, D.K.P, G.D.B, MAG.R, VA and B.CL,;
validation and data aquisition, AM.S, LV.P, and B.C.L,; original
writing paper, AM.S,; review and editing, LV.P, D.K.P, G.D.B,,
MAGR, VA, RS, G.CG.R, NM.PL, M.PPM, H.B and J.V.B,; project
administration and funding acquisition, H.B., D.K.P and N.M.P.L.

[@)ey |

An Acad Bras Cienc (2023) 95(Suppl. 3)

€20210528

18118

INFLUENCE OF THE ANTARCTIC OZONE HOLE



