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Abstract: The paper presents the observational, remote sensing and model simulation to analyze Southern
Brazil Antarctic Ozone Hole influence (SBAOHI) events occurred between 2005 and 2014. To analyze it we use
Total Ozone Column (TOC) data provide by Brewer Spectrophotometer (BS) and OMI (Ozone Monitoring
Instrument) instrument satellite, besides the AURA/MLS (Microwave Limb Sounder) instrument satellite
ozone profiles was utilized with DYBAL (Dynamical Barrier Localization) code in MIMOSA (Modélisation
Isentrope du transport Mésoéchelle de 'Ozone Stratosphérique par Advection) model Potential Vorticity (PV)
fields. TOC has 7.0 + 2.9 DU reductions average in 62 events. October have more events (30.7%). Polar Tongue
events are 19.3% of total, being in October more frequently observed (50% of cases), with medium intensity
(568.2%) and in stratosphere medium levels (55.0%). Already Polar Filament events (80.7%) are more frequent
in September (32.0%), medium intensity (42.0%) and in stratosphere medium levels (40.7%). ENSO index
positive phase influenced 61.3% of events, having dominance in all intensity categories (minor 57.9%, medium
51.6%, major 58.3%), while the equilibrium dominate the QBO influence with 50% of total cases in positive
phase and 50 % in negative phase.

Keywords: antarctic; ozone; MIMOSA model

1. Introduction

Ozone transport in stratosphere is an essential factor to define the atmospheric trace constituents
concentration in particular regions through the globe [1,2], including the higher polar ozone
concentrations compared with more production in equatorial region. However, the global scale
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stratospheric Brewer Dobson circulation, transporting ozone from equatorial region to polar region
[3,4]. This stratospheric circulation is still frequently studied [5,6].

Stratospheric components transport as water vapor, nitrous oxide and ozone are studied by
using the PV analyzes [7]. Authors as [8,9] first discussed the stratospheric isentropic surfaces. This
variable is important to air masses dynamic tracing definition, behaving like an material surface that
have potential temperature conservation [10]. Using PV as horizontal coordinate [11], one can
determining the Stratospheric Polar Vortex (SPV) edge as your maximum gradient region, capturing
the insulation distribution effects within the SPV [12,13]. Furthermore, meridional PV gradients and
long-lived trace atmospheric gas, reveal that isentropic horizontal exchanges between tropical and
extra-tropical regions are controlled by stratospheric dynamic barriers [14,15].

The polar South Hemisphere spring time ozone reduction, called "Antarctic Ozone Hole (AOH)"
[16-18], is caused by Polar Stratospheric Vortex formation [19,20] and heterogenic reactions that
occurs on polar stratospheric clouds surface [21,22]. Ozone Hole began to draw attention to scientific
community and many studies have been done through polar ozone observational data in South
Hemisphere [23-25], the same way but with important differences compared to North Hemisphere
[26-28].

Climate change may affect the stratospheric dynamic and thermodynamic processes, increasing
in polar vortex strength, thereby increasing ozone depletion on Polar Regions [29]. This ozone may
also be destroyed and/or produced, due to solar variations [30] or influenced by the stratosphere
temperature, which is highly influenced by winter stability and effects on polar vortex [31].
Furthermore, there are recent indications of Ozone Hole area reductions through the last decade
[32,33].

Middle latitudes near Polar Regions may have their ozone content directly influenced by passing
your border through this regions, reducing ozone and increasing ultraviolet radiation levels [34-37].
Polar vortex can be perturbed by planetary wave activity increasing and this contributes to polar
vortex ejection, through polar filaments that move to middle latitudes [38]. Rossby wave breaking
cause PV filaments events [11,39], carrying South Pole air masses into middle latitudes, indirectly
influencing the TOC on these regions [40]. The polar air source are largely dominated by stratosphere
vortex excursions and filaments events [41].

Ref. [42] Presented stratospheric ozone extreme anomalies observed in middle latitudes related
to stratospheric meridional transport over regions. Polar filaments may be isolated for 7 to 20 days
after polar vortex separation, and this may be sufficient for their lower and middle latitudes
propagation, causing a temporary TOC reduction [43—45]. The local ozone profiles measurement
reveals particular anomalies or lamina when passing these filaments [46]. The global character of
these stratospheric transport from polar region toward middle latitudes in South Hemisphere was
registered on South America [35,47], South Africa [48] and New Zealand [49].

High resolution transport models [50,51] or contour advection [52] can correctly depict the ozone
reduction lamina observed. Moreover, [53], using a PV contour advection MIMOSA model (Modele
Isentropique du transport Mesoechelle de 'Ozone Stratospherique par Advection) [54] analyzed an
important middle and tropical stratosphere isentropic exchange characterized by a PV lamina in 550
to 700 K isentropic levels, using the dynamical barrier locating code DYBAL (Dynamical Barrier
Localization).

The cause of this transport, where occurs a deformation of PV contours over isentropic surfaces,
are explained by planetary wave breaking [55]. The near-stationary mid-latitude winter planetary
waves are known to propagate from the troposphere to stratosphere and meridionally toward the
equatorial regions [56]. By E-P flux convergence, on can identify the breaking in Planetary wave and
this can the cause of several stratospheric isentropic transport events [53,57-59].

Air masses originating in Ozone Hole passing over middle latitudes was first registered by [60],
causing a TCO temporary reduction about 60 DU for that event. [61] Observed that a 1% TOC
reduction In this planet part cause 1.2% ultraviolet radiation (UVR) average increase. Furthermore,
the ultraviolet radiation the increase associated to ozone reduction can affect to the aquatic and
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terrestrial systems, being one factors that help to explaining the species decline related to
malformations caused by UVR levels increase [62].

This decline in biodiversity serves to emphasize these objective study importance and the
necessity to monitor ozone in these region. Furthermore, the observations made by BS for more than
twenty years there show a good correlation with instruments satellite measurements, with annual
cycle dominated the seasonal variability and interannual variability dominated by Quasi-Biennial
Oscillation (QBO) and demonstrated by wavelet analysis and data series comparisons [63]. Climate
model projections [64,65] demonstrated that increase in greenhouse gases concentration results in
temperature and stratospheric circulation changes and affect global scale ozone content.

More recently, using SSO ozone observations [66,67] identified a significant TOC reduction for
October,2016, due to AOH influence that reaching Uruguay and Brazil. Similarly, [68], between 1979
and 2013, also observed 62 events these type. As an initiative to predict this events occurrence, [69]
calculated O3 indices that showed great dexterity in representing these events, indicating the polar
trough that advanced on Southern Brazil with the largest negative O3 anomalies.

This paper analyses the TOC dataset taken using BS2 and OMI instrument satellite,
complemented by AURA/MLS ozone profiles followed by MIMOSA model PV fields to report these
polar and middle latitudes stratospheric isentropic exchange events from 2005 to 2014. This period
covers 10 years of observations from Brewer (since 1992) and AURA/MLS (since the end 2004), and
ozone data from those instruments are simulated by MIMOSA model to describe the events during
this period.

First, the TOC reduction days were selected in BS and OMI time series. Next, the low vertical
extension ozone lamina was investigated from the AURA/MLS satellite ozone profiles. Subsequently,
a air masses origin diagnosis was conducted applying DYBAL code in PV fields by MIMOSA model
to observed reductions levels in AURA/MLS ozone profiles to identify polar origin in these SBAOHI
events and determine the dynamic barriers geographic locations. Finally, the statistics and
classification of phenomenon occurrence and summaries, discussion and conclusions are provided
in the least sections.

2. Materials and Methods

2.1. Ozone Experiments

Brewer Spectrophotometers are the fully automated ground based instruments developed for
spectral irradiance measurements in the solar UVB range at five discrete wavelengths, namely 306.3,
310.1, 313.5, 316.8 and 320.1 nm, with approximately 0.5 nm resolution, allowing Nitrogen Dioxide
(NO2) Sulfur Dioxide (SO2) and Ozone (Os) total column deduction. They can also obtain the
atmospheric aerosols optical thickness and ozone profiles by Umkehr technique [70,71]. The BS TOC
observations was done since 1992 through the instruments MKIV #081 (1992- 1999), MKII #056 (2000-
2002), and since 2002 by MKIII #167 in Southern Space Observatory - SSO (29.26 ° S, 53.48 ° W), Brazil
[72], belong to the Brazilian Brewer Network.

Ozone Monitoring Instrument (OMI) is an instrument aboard Aura satellite, operating since July
2004 in Earth Observing System (EOS) mission framework. OMI instrument do atmospheric
components, as O3, NOz, SOz and aerosols total column measures and the data can be downloaded
from the NASA website: https://avdc.gsfc.nasa.gov/index.php. OMI performs measurements
through the Backscatter Ultraviolet technique in a two images feeding the spectrometer grid. It has
two UV bands, namely the UV-1 270 at 314 nm and the UV-2 306 at 380 nm with 1 —0.45 nm spectral
resolution [73].

The BS #167 installed in the SSO and OMI instrument during 2005 to 2014 provides the TOC
daily averages analyzed. For this same period, TOC daily averages from OMI instrument satellite are
also obtained with the intention of performing a brief comparative analysis, and has a strong
correlation between both measurements, presented in Figure 1, with R2 = 0.93. These results are in
line with [63] to SSO station and other mid-latitude stations around globe, such as Lauder [49] and
Iberian Peninsula [77], highlighting the confidence of both TOC data sets.


https://doi.org/10.20944/preprints202311.1274.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 November 2023

2.2. AURA/MLS Satellite Ozone Profiles Experiment

The AURA/MLS (Microwave Limb Sounder) is an instrument aboard Aura satellite, which
participates in the EOS (Earth Observing System) program and launched in 2004 [78] and maintains
a synchronous orbit with the Sun, near-polar, 700 km altitude and at an inclination of 98°. Basic
information and v43 Aura / MLS O3 data is available through the Ilink:
http://mls.jpl.nasa.gov/products/o3_product.php. The MLS instrument is capable of providing global
coverage between the latitudes of + 82 ° for each day, running around 240 "scans" with each orbit
with an extent of about 3500 profiles per day for 17 atmospheric parameters including ozone within
41pressure levels (218-0.01 hPa). MLS measures microwave thermal emission from the limb and
records the vertical profiles of trace gases including ozone, BrO, C1O, CO, H20, HCl, HCN, HNO3,
N20O and SO2. Ozone is registered using the 240 GHz spectral region. The MLS vertical resolution
ranges are 2.7 km to 3 km from upper troposphere to lower mesosphere. For each data acquisition
errors in these measurements must be estimated, and with respect to ozone error is about ~5-10%
range on stratosphere [79]. Initially, ozone profiles from AURA/MLS version v4.2 were selected in an
area ranging from + 5 ° latitude and longitude around the SSO region. From the four ozone profiles
closest to the SSO location, daily profiles were calculated between 2005 and 2014. Subsequently these
profiles were interpolated at 350 K to 950 K heights using the same vertical range utilized in PV fields
by MIMOSA model.

2.3. Stratospheric Dynamic Diagnosis by DYBAL Code in MIMOSA Model PV Fields

The MIMOSA (Modélisation Isentrope du transport Mésoéchelle de I'Ozone Stratosphérique par
Advection) model, is a three-dimensional high-resolution Potential Vorticity (PV) advection model.
This model has been used to study the ozone lamina observed at Observatoire de Haute-Provence
(OHP, 44°N, 5.7°E) by Lidar profiles and to plan the launch of an airborne ozone Lidar as [54,80,81].
The dynamical MIMOSA model is particularly used to describe filamentary structure through PV
advection, since we can assume that the PV and ozone are very well correlated on an isentropic
surface. Consequently, the location of ozone filaments can be determined using PV fields like a
dynamical tracer [10,82].

The simulation started at 012 UTC on 01 May 2005 and ended at 012 UTC on 30 November 2014
including the spin-up period (~1 month) on an orthogonal grid in an azimuthal equidistant projection
centered in South Pole (parallels are represented as concentric equidistant circles). The model runs
on an isentropic surface and covers the whole southern hemisphere, extended between latitudes 10°N
and 90°S for an horizontal resolution with elementary grid cell size of 37 X 37 km (three grid
points/degree of latitude). Meteorological data was obtained at intervals of six hours by the European
Center for Medium Range Weather Forecast (ECMWF) analysis at 1.125° latitude x longitude
resolution and were provided by Third European Stratospheric Experiment on Ozone (THESEO)
database set up at the Norwegian Institute for Air Research (NILU). Data were first interpolated at a
vertical grid spacing that consisted of 25 isentropic vertical levels from 350 K to 950 K with a
resolution of 2 km on the fine MIMOSA grid, and subsequently PV fields are extracted [40]. The
numerical diffusion induced by the regridding processes are minimized by an interpolation scheme
that uses the second order moments of PV [54].

The deformations caused by subtropical and polar vortex barriers are inferred from DYBAL code
software using area coordinates and Nakamura’s formalism [83]. The Dybal code aims to localize the
dynamic barrier zones in PV fields. The principle is to point out, in a PV field, the regions
corresponding to the maximum OPV/0A (PV gradient) and simultaneously the minimum Le?
(effective diffusivity), for the dynamic barriers locations. Together with a geographic location,
DYBAL provides an indication of the strength of these barriers, measured from the secondary
maximum PV gradient. This code allows emphasis to be given to the development of polar and
subtropical filaments with high precision for their location, as presented in detail by [53]. Having a
PV field for time t, first, OPV/0A and Le? (A) are calculated on basis of equivalent latitude on PV fields,
then, the zones of Le? (A) minimum and maximum 0PV/0A are digitally detected. A threshold of 1° of
equivalent latitude around the maximum and minimum is applied. Throughout this study, PV fields

doi:10.20944/preprints202311.1274.v1
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are used at a 1 ° x 1 ° resolution and higher than 0.5 ° of equivalent latitude threshold. When both
criteria are validated (maximum 0PV/0A and L2 (A) minimum), the equivalent latitude area is taken
as dynamic barrier [57].

2.4. Methodology

The first criterion to identify SBAOHI events for 2005 to 2014 was to look for TOC reductions
days measured by BS #167 and OMI instrument satellite. The criterion adopted should avoid 3%
reductions of the monthly climatology, since these types of reductions in TOC can only be caused by
tropospheric variations [84]. Considering this, TCO reductions were determined when the TOC daily
average value was lower than -1.5¢ limit. These dates with low TOC values were then selected for
later verification if air masses came or not from polar region. The August to November climatological

values with their standard deviations and -1.50 limit for SSO station, obtained by [63] are show in
Table 1.

Brewer Spectrophotometer and OMI Satellite TOC (2005 - 2014)
T

T T T T T T T T
- OMI

Brewer

R*=0.93737

I I I 1
2012 2013 2014 2015

20
2004

2005 2006 2007 2008 2009 2010 2011
Figure 1. TOC datasets obtained by BS (black) and OMI instrument satellite (red) for the August-

November period at SSO station.

We analyzed only the months between August and November, because this is the AOH activity
period. This criterion means that if the data were placed over a normal frequency distribution, we
would work with the extreme minimum values, representing 6.6% of total days [85]. These TOC
reductions can no longer be totally credited to tropospheric variations, with photochemistry and
transport in stratosphere being important to explain these reductions, thus supporting the choice of
this period.

Table 1. Climatological values, standard deviations (0) and -1.5¢0 limit for the August-November
period in SSO station.

Month Os Climatology in DU 03 SD in DU (o) Limit -1.50 in DU
(W (u-1.50)
August 284.9 9.1 271.4
September 296.6 9.9 281.7
October 290.2 8.8 277.0
November 286.6 13.0 267.0

The statistical criterion -1.50 limit was chosen after numerous tests, where it was determined
that the mean limit minus 1 standard deviation (p-10) or mean minus 2 standard deviations (u-20)
could not be used. First case, the differences around the average are near to 3%, and these values can
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be attained by changes in tropospheric ozone. If the last case, only a few days would be analyzed,
and therefore, proven SBAOHI events would be missed and not analyzed.

From monthly ozone profiles time series, average, o and -1,50 limit from August to November
were calculated. The second criterion was quantify the stratosphere laminar structures height that
cause the TOC reductions observed by the BS and OMI instrument satellite. During days with ozone
reductions during August to November that were selected in the previous section through the ozone
percent differences profiles between the climatological profile and the reduction day profile, as in
Equation 1. This shows the poor in ozone transport levels, demonstrating, with BS, the temporal and
vertical ozone content distribution. This information is needed to make the stratospheric dynamic
diagnosis that point these ozone reductions using MIMOSA model PV fields simulation and the
dynamic barriers localization tool - DYBAL Code.

Percent _ Difference =100 *( (Day , - C lim ato log y,) ] O

((Day ; + Clim ato log y,)/2)

The third criterion is verify the stratospheric 350 to 950 K levels MIMOSA model PV fields. This
procedure identify air masses origin that cause such TOC reduction measured by BS and OMI
instrument satellite and ozone profiles by the AURA/MLS satellite.

These analyses verify if there was some variation in Absolute PV fields (APV) MIMOSA model
between the reduction days and previous and posterior days. So making a vertical and temporal
stratospheric dynamic diagnosis, since an PV increase is an polar origin indication and a decrease
indicates that it comes from equatorial region [48,59]. The DYBAL code is used to check the exact
location of subtropical and polar vortex filaments related to SSO station geographical position. If the
air polar that cause this ozone depletion is verified, the day is a confirmed SBAOHI events.

To analyze these relationship between the events intensity and climatic indexes such as Quasi
Biennial Oscillation (QBO) and El Nifio / Southern Oscillation (ENSO), data were taking from the
NOAA website: https://www.esrl.noaa.gov/psd/data/climateindices/list/.

3. Results

SBAOHI events between 2005 and 2014 were identified using the three mentioned criteria in the
methodology. These criteria are TOC reductions in BS #167 and OMI instrument satellite time series,
verification of the MLS ozone profiles reduction height and vertical and temporal stratospheric
dynamic analysis by applying DYBAL code in MIMOSA model PV fields. This is made to check if air
masses coming from polar region.

Figure 2 present the annual number of observation days by BS #167 (a) and OMI (b) (in blue),
for the August-November period (in green) and number of days with below -1.50 limit ozone
reduction for each month (brown). Large gaps are evident in the Brewer observations between the
period from mid-2009 to late 2011, and other shorter gaps between the end 2007 and beginning 2008
and after 2012. Some of these gaps are due some technical problems such as electronic breakdown,
as described by [63].

This analysis resulted in 110 days with below -1.50 limit ozone reduction over the SSO station,
with an annual average of 11 days of reduction per year for the August-November period. However,
in some cases, due to closeness of dates, some TOC reduction events may have been counted more
than one time, and once this had been checked, we confirmed 72 separate events.
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Figure 2. Brewer (a) and OMI instrument satellite (b) of the annual observations (blue), August-
November observations (green) and TOC reduction days for August-November (brown) between
2005 and 2014 at SSO station.

Figure 3 (a) shows the BS #167 (in gray) and OMI (in brown) TOC values between August and
November 2012, highlighting TOC below -1.50 limit (black star line) in blue, to identify TOC
reduction dates. Figure 3 (b) shows the corresponding time evolution of PV values at 670K level (~24
km altitude) on SSO station. The PV values increases demonstrate the air polar over this site. The
days with TOC reduction below -1.50 limit with an PV values increase, as in around October 14, 2012
were selected to stratospheric vertical MLS ozone profiles more isentropic trajectories distributions
by combining DYBAL contours in MIMOSA PV fields analyzes.

In 2012, 33 TOC reduction dates were registered below -1.50 limit between August and
November. Due the proximity of the dates, nine (9) possible events were selected, and these days
were August 06 and 18, September 05, 14 and 22, October 14 and 22 and also November 10 and 23.
However, only November 23 did not confirm the SBAOHI event occurrence in both vertical and
temporal PV MIMOSA model diagnosis. Polar origin was verified in eight (8) events at 2012 and this
was realized for all other years in the 2005-2014 period.

One important event was in October 14, 2012. This case study demonstrate the vertical and
temporal stratospheric dynamics diagnosis and confirm the efficiency of this methodology to confirm
this events occurrence.
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Figure 3. (a) TOC of the BS #167 (gray) and OMI instrument satellite (brown) between August and
November 2012. Values below -1.50 limit (black star line) in blue (Brewer) and red (OMI satellite). (b)
PV values for 670 K level (~ 24 km altitude) between August and November 2012. Dotted black line
represents the climatology and dotted red line represents the +1.50 PV values.

3.1. Event Study Case

October 14, 2012 was the more significant SBAOHI events observed by BS #167 between 2005
and 2014 period. This event reached approximately 252.6 DU (Figure 3), representing 13.4% TOC
reduction from October climatology (290.2 + 8.79 DU), with an PV increase up to 670 K. This case
study is an application of the methodology to identify these events.

Figure 4 (a) present the October 14, 2012 and October climatology ozone profile obtained by
AURA/MLS satellite instrument, as a potential temperature function on SSO region. Daily TCO
reductions are notable when compared to 550 and 700 K levels October climatology. Figure 4 (b)
shows the percent differences anomalies between the October climatology ozone profile and daily
ozone profiles between October 10 and 16, 2012. Anomaly profiles with reduction from October 10
are observed. This reaching values lower than -20% on October 14 to 550 and 700 K laminas and this
reduction can still be observed, although it became less intense on subsequent days.
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Figure 4. (a) Comparison of the AURA/MLS satellite ozone profiles for October 14, 2012 in blue and
October climatology ozone profile (black). Dotted lines correspond to +1.50 October climatology limit.
(b) Percent ozone anomalies, derived as differences between monthly and daily ozone recorded on
10, 12, 14 and 16 October, 2012. Dotted black line represents the null difference.

The DYBAL code applied to MIMOSA model PV fields are used to verify where the maximum
PV gradient (0PV/0A) and minimum simultaneous effective diffusivity (Le2) are found. This
procedure detect subtropical and polar dynamic barriers position [83,87]. The subtropical (red line)
and polar (black line) barriers positioning, calculated by the DYBAL code, and the SSO region (black
X) are presented through vertical (Figure 5) and temporal (Figure 6) stratospheric dynamics diagnosis
in MIMOSA PV fields.

This analysis are performed to identify what air masses origin that arriving in SSO station on
the selected reduction days where ozone depletion lamina in the AURA/MLS satellite profiles were
found. The vertical DYBAL outputs distribution in MIMOSA PV fields for 400, 450, 500, 525, 675 and
850 K levels for the October 14, 2012 event are presented on Figure 5. That objective to verify which
stratospheric vertical structure during events occurrence. To classify whether these are polar
filaments or polar tongues in MIMOSA PV fields, it was assumed that a polar filament occurs when
only PV filaments are observed, but polar tongue occurs when a large PV filament surrounded by
polar barrier line on SSO region was observed.

On SSO region, 400 K level shows the subtropical barrier. From 450 to 525 K levels, polar origin
is observed due the higher PV values presence as a polar filament. From 675 to 850 K levels, a very
intense polar tongue with a higher PV value with polar barrier. These results give indications of an
intense transport from polar region toward the sub tropic.

Figure 5 present that above 500 K level the high PV values polar tongue positioning, in the study
area, is more evident in 675 K. This corroborates with largest AURA/MLS ozone profile negative
anomaly observed as in Figure 4. Additionally, a temporal analysis at this isentropic level (675K)
using the DYBAL outputs (dynamical barrier locations) superimposed with the corresponding
MIMOSA model PV fields before and after “14 October event” was performed.
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Figure 5. Vertical evolution of the MIMOSA model PV fields in stratospheric isentropic surfaces (400,
450, 500, 525 675 and 850 K) on October 14, 2012. Locations of dynamical barriers (Subtropical barrier
in red and polar barrier in black) are overlapped on the maps using a color scale with PV units. The

X indicates the SSO location.

Figure 6 show an intense higher PV Polar Tongue presence surrounded by polar barrier line
over Central and Southern Argentina on October 08. This Polar Tongue moves northward and
reaches the SSO station on October 14, moving further north and losing intensity on October 16 on
Atlantic Ocean causing the observed reductions in BS #167 and OMI TOC and in AURA / MLS

satellite ozone profile to this period.
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Figure 6. Temporal evolution of MIMOSA model PV fields for 675 K isentropic surface obtained on
08, 10, 12, 14, 16 and 18 October 2012. Locations of dynamical barriers (Subtropical barrier in red and
polar barrier in black) are overlapped on the maps using a color scale with PV units. The X indicates

the SSO location.

These results are explained for studies on polar filamentation effects in mid latitude stratosphere
caused by transport between pole and mid latitudes mixing zone conducted by [54,88]. In addition,
our results are consistent with previously reported disturbances caused by AOH influence events on
30 °S [60] and polar filaments over mid latitude sites reported by [41]. This analysis shows that the
intense polar tongue of high PV values surrounded by polar barrier was ejected in direction to
Southern Brazil, confirming the event occurrence in October 14, 2012.

3.2. Statistics and Classification of SBAOHI events between 2005 and 2014

When applying the same methodology used in 2012 for 2005 to 2014 period, the TOC reductions
day resulted in 110 days below -1.50 limit, with an annual average of 11 days of TOC reduction per
year. However, in function of proximity dates, TOC reductions can by caused for the same polar
transport. 72 possible events were separated, wherein 62 were confirmed by the vertical and temporal
stratospheric dynamics diagnosis.

This analysis is performed by detecting the AURA/MLS satellite ozone profiles lamina reduction
height and the transport from the AOH to SSO station, and through dynamic barriers position
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verification from DYBAL code applied in MIMOSA model PV fields. Less than 15% (13.8%) ozone
reduction events were not confirmed as being due SBAOHI events.

A summary of the 62 confirmed SBAOHI events between 2005 and 2014 is presented on Table
S1 in the supplementary material. This synthesizes the event occurrence dates, the TOC values,
percent reduction respective to monthly climatology, the isentropic level of the AURA/MLS satellite
ozone profile reduction, and their maximum percent reduction.

Additionally, the characteristics and levels of polar transport to the SSO station region through
the application of the DYBAL code in MIMOSA model PV fields are presented. Thus, polar filaments
(PV filament only) or polar languages (PV filament plus Polar barrier DYBAL line) in PV fields are
detected in all events occurred on 2005 to 2014 period.

SBAOHI events occurs on average 6.2 + 2.6 per year, with mean TOC reductions registered by
BS #167 0of 7.0 £ 2.9% and 7.7 + 2.4% for OMI satellite. Furthermore, the mean isentropic level (K) and
maximum mean AURA/MLS ozone profiles reduction occurred in 640 + 150 K and 15.3 + 6.3%,
respectively. In October there are more events, 19 in total (30.7%), followed by September with 18
(29.1%), August with 14 (22.5%) and November with 11 (17.7%). Overall, only 19.3% of events showed
polar tongue structures, while 80.7% of events presented polar filament structures.

In 400 K occurs only 4.89% of total events, while 10.48% at 450 K, 14.68% at 500 K, 18.88% at 600
K, 27.97% at 675 K, and 23.07% at 850 K. This kind of isentropic analysis allows the seasonal and
geographical variability of the filament preferred forms of exchange identification [86] through
nitrous oxide (N20) laminar structures from a stratospheric three-dimensional chemical transport
model, where during the winter and boreal spring, these structures are introduced from middle
latitudes to the tropics. Using our analysis, we emphasize the 500 to 850K as the preferential levels of
stratospheric transport with observed ozone depletion lamina when there are SBAOHI events.

This events occurrence is separate per year and month and illustrated in Figure 7. With 10 events,
2006 stands out as the year of greatest events occurrence, being 03 in August, 02 in September, 03 in
October and 02 in November. This are explained because 2006 recorded the largest AOH area in the
history (https://www.nasa.gov/vision/earth/lookingatearth/ozone_record.html).

Events was classified into three categories by taking into account (1) TOC reduction from BS
#167 and OMI records intensity, (2) reduction lamina height determined from the corresponding
AURA/MLS ozone profile and (3) the event dynamical shape form of a filament or tongue structure
was identified from DYBAL code and MIMOSA PV maps.

Three intensity levels have been defined according to TOC reduction percentage (%TOC): Minor
when %TOC is less than 6% (%TOC < 6%), Medium when %TOC is between 6 and 9% (6% < %TOC
<9%), and Major when %TOC is greater than or equal to 9% (%TOC 2 9%).

Evenis per Year and Month (2005 - 2014)
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Figure 7. Time distribution of the number of SBAOHI events per month and per year between 2005
and 2014.
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The isentropic heights of occurrence events were divided in three layers: Low Stratosphere (LS)
for X< 500 K; Medium Stratosphere (MS) for 500 K < X <700 K and Upper Stratosphere (US) when X
>700 K. It should be noted that an event can be identified in more than one height category.

Figure 8 shows plots of monthly ozone reduction events percentage events occurrences. The
upper plots, (a) and (b), illustrate events statistics with a “tongue” structure, while the lower plots,
(c) and (d), show distributions of events characterized by a “filament” structure. Moreover, plots on
the left side of Figure 8 show the events distribution according to their intensity (Minor, Medium or
Major); the plots on the right side indicate how the events are distributed in the tree stratospheric
layers (LS, MS and US).

Polar Tongue characteristic were observed only in 19.3% (12 events). 01 in August (8.4% of
cases), 02 in September (16.6 % of cases), 06 in October (50% of cases) and 03 in November (25% of
cases), with medium intensity (58.2% of cases) and in stratosphere medium levels (55.0% of cases).
Polar Filament characteristics were observed 80.7% of total cases and are distributed in 26.0% of cases
in August, 32.0% September, 26.0% October and 16.0% November, with medium intensity (42.0% of
cases) and in the medium level in stratosphere (40.7% of cases).

These results are consistent with [54,80] who used the MIMOSA model to identify the polar air
presence in medium latitudes lower stratosphere (about 450 K). The simulations results allowed for
interpretation of the laminar structures observed in vertical ozone profiles measured by the Light
Detection and Ranging LIDAR of the Observatory of Haute Provence (OHP).

Polar Tongue Events per Month and Intensity Polar Tongue Events per Month and Height
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Figure 8. Frequency of occurrence (percentage %) of SBAOHI events per month. The upper plots, (a)
and (b), illustrate the events with a “tongue” structure statistics, while the lower plots, (c) and (d),
present the “filament” structure events between 2005 and 2014.

Climatic indexes that were found to have more influence on the events intensity appear to be
Quasi Biennial Oscillation (QBO) and El Nifio/Southern Oscillation (ENSO). This is due to these
indices have cycles shorter than 10-year period analyzed here.

Figure 9 present the events occurrence intensity analyses. The QBO index (top) and the ENSO
index (bottom) comparison to TOC reduction intensity where three classifications of intensity (i.e.,
minor events, medium events and major events) are presented separately by different colors.
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Figure 9. Intensity of TOC reduction during the SBAOHI events between 2005 and 2014 compared to
QBO (a) and ENSO (b) indices. Minor events (green), medium events (yellow), major events (red) and
climatic indexes are presented by the black dashed line.

The results show that the minor events (19 of 62) occurred more during the negative QBO phase
and during the positive ENSO phase (57.9% in both cases), while the medium events (31 of 62)
occurred more during the positive QBO phase (51.6%) and during the positive ENSO phase (64.5%).
The major events (12 of 62) occurred mostly during the positive QBO phase and during the positive
ENSO phase (58.3% in both cases). That can by influenced by the positive phase of ENSO index with
61.3% of total cases dominating the three categories of intensity, while the QBO index has 50% of total
cases in positive and negative phases.

4. Discussions

TOC from OMI have good correlation with other TOC measurements observations in southern
subtropics by Dobson and SAOZ spectrometers and ozone profiles [74,75], besides IASI European
satellite instruments [76]. [63] Present a detailed description of TOC monitoring using BS in S5O for
more than twenty years (1992 - 2014) and a comparison with satellites measurements. Thus, these
instruments contribute scientifically by determining the seasonal variability dominated by the annual
cycle, with minimum (~ 260 DU) in April and maximum (~ 295 DU) in September. Interannual
variability is dominated by Quasi Biennial Oscillation (QBO) mode, identified by wavelets analysis
and comparing the QBO index with the monthly TOC anomaly time series, and a condition of a near
antiphase was described by these instruments.

Additionally, [89] demonstrated that deformation on a planetary scale led to the intrusion of
tropical air tongues towards mid latitudes and numerically simulated the large-scale isentropic
transport that increased the ozone over Réunion Island (55°E, 21°S) [53]. This result was due the med
latitudes in the tropical stratosphere air masses displacement onto the ozone lamina, and DYBAL
code was to identify the dynamic barriers positioning in the MIMOSA model.

Stratospheric ozone variability can be analyzed on a daily, seasonal, or annual basis, and can
even be analyzed over a years period. The daily or weekly ozone variability are related to
atmospheric systems, since high and low ozone values correspond to atmospheric systems, as
occurring an inverse ozone and pressure correlation (low pressure corresponds to high ozone and
vice-versa) [4]. The solar cycle shows that the sun activity occurs at approximately 11-year intervals,
and ozone trends and stratosphere temperatures are largely due to ultraviolet solar flux variability
associated with 11-year solar cycle [90].
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One of climate change natural causes is the solar irradiation variability that occurs in a cycle of
11 years. Although the total changes in irradiance associated with solar cycle are insignificant (0.1%),
much larger variations (4-8%) are found in UV range (200-250 nm) [91], a range that is crucial for the
ozone photochemistry.

Based on a statistical study [92,93] suggested that during eastern QBO phase, the SPV is weaker
and warmer (and vice versa for the western phase of QBO). In other words, these studies indicate
that the eastern phase will lead to more intense wave activity and more frequent heating. These above
mentioned studies suggested a mechanism by which the QBO phase can modulate the efficiency of
the waveguide in mid-latitudes, which may facilitate the planetary waves propagation to Polar
Regions.

In fact, planetary waves propagate from the extratropical troposphere through a wave guide of
western winds. During the eastern phase of the QBO, the zonal Wind Slug slowly moves toward the
winter hemisphere subtropical regions. As a result, the width of the western waveguide narrows
leading to the planetary waves refraction away from subtropical latitudes towards the poles.

The results show that the high tropical stratosphere influences polar temperatures and winter
stratospheric circulation [94,95]. For the large planetary wave structure across the entire stratosphere
thickness, it seems quite likely that only QBO in lower equatorial stratosphere favors more
pronounced planetary waves propagation to the poles [92].

Historically, EN events occur every 3-7 years and alternate with the opposite phase, which
causes below-average temperatures in Tropical Pacific (LN). ENSO has global impacts, manifesting
greater strength in the winter months in both hemispheres. Anomalies of sea level pressure are much
larger in the temperate zones, while in the tropics there are larger variations in precipitation [96-98].

Like many other geophysical phenomena, ENSO is not stationary. Its temporal structure,
however, is not as well documented as its spatial structure due the limited time of observations and
the lack of adequate methodologies (non-linear analyses). In addition, [99] showed the interannual
variability dominant mode on a planetary scale of ozone concentration been strongly associated with
the El Nifio Southern Oscillation (ENSO) phenomenon.

In addition, they noted that ozone concentration shows a strong connection with the ENSO wave
1 pattern in the temperate zones of Southern Hemisphere. The ENSO influence can be demonstrate
since the positive phase of the ENSO index increases the polar vortex instability due to temperature
increase. This more easily ejecting air masses from SPV to middle latitude regions, as observed by
[13] with respect to 2002 AOH on the middle latitude regions impacts.

5. Conclusions

This paper presents the SBAOHI events occurrence between 2005 and 2014 observed by the BS
#167, OMI and AURA / MLS satellites, and simulated by applying the DYBAL code in MIMOSA
model PV fields. This was done to verify temporal and vertical distribution and intensity of TOC
reductions. Atmospheric dynamic characteristics, and the climatic indexes such as QBO and ENSO
influence during this phenomenon occurrence was identified.

The BS #167 and OMI satellite TOC on SSO station was compared in 2005 to 2014 period and
good correlation (R2 = 0.93) is obtained between instruments. Thus validated TOC from both
instruments are used for first stage to identify the SBAOHI events occurrence. In total, 110 ozone
reduction days were selected in the August to November period, with an 11 days per year average.
However, due the proximity of the dates, 72 possible events were selected for air mass origin analysis.

The October 14, 2012 event was taken as an example of applied this methodology to identify the
events. This is the more significant BS event in the period 2005-2014 since it presented 252.6 DU TOC
value, been this a 13.4% reduction comparing to October average (290.2 + 8.79 DU). The AURA / MLS
satellite ozone profile obtained on October 14, 2012 for the SSO region showed a substantial ozone
reduction (~20%) in relation to October ozone profile for 550 at 700 K levels.

In addition, vertical and temporal stratosphere dynamics diagnosis provided by application of
DYBAL code in MIMOSA model PV fields, showed an intense polar tongue of high PV values in the
isentropic surfaces of 670 and 850 K passing on the SSO station region.


https://doi.org/10.20944/preprints202311.1274.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 November 2023 doi:10.20944/preprints202311.1274.v1

16

Applying the same methodology, 62 SBAOHI events were confirmed. This events occurred on
6.2 +2.6 times per year average, with mean TOC reductions by BS #167 of 7.0 + 2.9% and OMI satellite
of 7.7 + 24%. In the AURA/MLS satellite, the mean isentropic level and maximum mean ozone
profiles reduction occurred in 640 + 150 K and 15.3 + 6.3% respectively, assuring this kind of
phenomenon importance when ozone reduction occurs in SSO region. Between 500 and 850K levels
this events were identified applying Dybal code in MIMOSA model PV fields.

October is the month when have more events, 19 in total (30.7%), followed by September with
18 (29.1%), and 19.3% showed the Polar Tongue atmospheric characteristic while 80.7% presented the
Polar Filament atmospheric characteristic. The 500 and 850 K levels were shown as the preferential
levels of stratospheric transport when SBAOHI events. The year 2006 It was the year with the most
events in a single year (10), while 2011 showed less events in a single year (01), and from 2012 to 2014
08 events occurred per year.

The events were separated into three categories: TOC reduction intensity, height of reduction
lamina in ozone profile, and Filaments or Tongues as atmospheric dynamic characteristics. Only
19.3% of total cases were Polar Tongue, and these were more frequent in October (50%), with medium
intensity (58.2%) and in stratosphere medium level (55.0%) in majority of cases. Polar Filament events
(80.7%) were more frequent in September (32.0%), with medium intensity (42.0%) and in stratosphere
medium level (40.7%) in majority of cases.

The SBAOHI events occurrence in the 2005 to 2014 period can be influenced by positive phase
of ENSO index (with 61.3% of total cases), dominating the three categories of intensity (minor 57.9%,
medium 51.6%, major 58.3%). Positive phase of the ENSO index increases the instability of the SPV
due the temperature increase, more easily ejecting polar air masses into middle latitudes regions,
while the QBO index does not have a clear influence since 50% of total cases were in positive and
negative phases.
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