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Abstract

Given the dynamics of the atmosphere, the ozone hole is accompanied by episodes of exchange between the polar vortex and
the mid-latitudes and the tropics (Bencherif et al., 2007). During these events, the polar vortex is deformed and ozone-poor
polar air-masses move towards the tropics. We call these episodes of isentropic exchanges “Ozone Secondary Effects” (OSE),
and several events have been observed during the last decade. For example, an event observed on October 14, 2012 reached the
south of Brazil (Peres et al., 2017), causing 13.7% reduction in the total columns of ozone. Recently, Bresciani et al. (2018)
reported on a major OSE event (23% reduction in TCO) and its influence in southern Brazil and Uruguay that occurred in
October 2016. Such OSE episodes may last up to 3 weeks, causing a potential increasing in the UV radiation levels leading
to public health issues as well as impacts on the fauna and flora, with notable risks for the biodiversity and the agriculture.
In the present study, we investigate the use of Long Short-Term Memory recurrent neural networks to forecast OSE events,
more specifically the Causal LSTM model proposed by Wang et al. (2018), which has been successfully applied to the analysis
of video images. In our study, however, the input data is composed by historical data for the total column of ozone (TCO),
obtained by satellites. We aim at using the resulting forecasts to detect, monitor and classify OSE events by isentropic levels,
latitudinal bands and geographical areas. We believe that these results can be integrated into a weather forecast workflow to
improve the accuracy of existing models. Further experiments include the conjoint analysis of other atmospheric markers such
as the potential vorticity (PV). Together with auxiliary parameters such as cloud fraction, aerosol optical depth, nebulosity

and altitude, these forecasts could be used to produce realistic UV-Index estimations.
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Given the dynamics of the atmosphere, the ozone hole is accompanied by episodes of exchange between the
polar vortex and the mid-latitudes and the tropics (Bencherif et al., 2007). During these events, the polar vortex
is deformed and ozone-poor polar air-masses move towards the tropics. We call these episodes of isentropic
exchanges “Ozone Secondary Effects” (OSE), and several events have been observed during the last decade.
For example, an event observed on October 14, 2012 reached the south of Brazil (Peres et al., 2017), causing
13.7% reduction in the total columns of ozone. Recently, Bresciani et al. (2018) reported on a major OSE event
(23% reduction in TCO) and its influence in southern Brazil and Uruguay that occurred in October 2016. Such
OSE episodes may last up to 3 weeks, causing a potential increasing in the UV radiation levels leading to pub-
lic health issues as well as impacts on the fauna and flora, with notable risks for the biodiversity and the agriculture.

In the present study, we investigate the use of Long Short-Term Memory recurrent neural networks to fore-
cast OSE events, more specifically the Causal LSTM model proposed by Wang et al. (2018), which has been
successfully applied to the analysis of video images. In our study, however, the input data is composed by historical
data for the total column of ozone (TCO), obtained by satellites. We aim at using the resulting forecasts to detect,
monitor and classify OSE events by isentropic levels, latitudinal bands and geographical areas. We believe that
these results can be integrated into a weather forecast workflow to improve the accuracy of existing models.

Further experiments include the conjoint analysis of other atmospheric markers such as the potential vor-
ticity (PV). Together with auxiliary parameters such as cloud fraction, aerosol optical depth, nebulosity and
altitude, these forecasts could be used to produce realistic UV-Index estimations.
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INTRODUCTION

Since its discovery, the "Antarctic ozone hole" has attracted the interest of the scientific
community. Given the dynamics of the atmosphere, the ozone hole is accompanied by episodes
of exchange between the polar vortex and the mid-latitudes and the tropics [1, 5]. During these
events, the polar vortex i1s deformed and ozone-poor polar air masses move towards mid-
latitudes. We call these episodes of isentropic exchanges "Secondary Effects of the Antarctic
Ozone Hole" or “Ozone Secondary Effects”, for short (OSE). Such episodes may last several
days and reach the tropics, causing significant ozone decreases over these areas and potentially
increasing the UV radiation levels at the surface [1, 2].

According to UNEP (United Nations Environment Program)', a 10% reduction in stratospheric
ozone would cause additional 300,000 cases of carcinoma (malignant skin tumors) and 4,500
cases of melanoma (skin cancer) each year, worldwide. The effects on the fauna and flora are
also important, with notable risks for the biodiversity and the agriculture.

The secondary effects of the Antarctic Ozone Hole in mid latitude zones are regularly observed
over populated zones on South America, south of Africa and New Zealand. Indeed, recent
observations reported the occurrence of dozens of OSEs in the last decade over the south of
Brazil, resulting in temporary reductions in the total ozone column of more than 10% in densely
populated areas. An example is the event from October 10-14, 2012 presented below, which
shows the displacement of a polar air mass (in blue) and its extension towards the mid-latitudes
to reach the south of Brazil — around 30°S — on figure (a)>. Up to 13.7% of reduction in the
stratospheric ozone column was observed [6]. Similarly, figure (b) show the potential vorticity
(PV) maps obtained by the MIMOSA-Chim high-resolution model [4], showing the movement
of a polar air mass (in blue) and its extension towards mid latitudes over South America.
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In spite of an associated stratospheric dynamic, there are few studies concerning the numeric
modeling of the circulation dynamic of the ozone layer [5]. Indeed, most of the climatic models
are limited to the lower atmosphere layers (especially those associated to the weather forecast),
and do not explore the interactions in higher layers, like those associated to the Ozone layer.

1 https://www.who.int/uv/publications/globalindex/en/
2 https://ozonewatch.gsfc.nasa.gov/

OBJECTIVES

In this work we examine the interest of using Deep Learning techniques (more specifically, Long
Short-Term Memory recurrent neural networks) to forecast OSE events. For this experience, we
selected the PredRNN-++ model proposed by Wang et al. [7], which has been successfully
applied to the analysis of video images. In our study, however, the input data is composed by
historical data for the Total Column of Ozone (TCO), obtained by satellites.

This 1s a first experiment towards the use of Artificial Intelligence in the detection and prediction
of OSE. We aim at using the resulting forecasts to detect, monitor and classify OSE by isentropic
levels, latitudinal bands and geographical areas.
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METHODOLOGY

Predicting the shape and movement of atmospheric events 1s a real challenge of predictive
learning. Contrarily to some datasets studied by [7], atmospheric phenomena are not rigid, their
speeds and trajectories vary, and their shapes may accumulate, dissipate or change rapidly due to
the complex atmospheric environment. Furthermore, Ozone datasets are usually provided in a
daily basis, making the tracking of the air masses even more complex. Hence, being able to
model the spatial deformation of the Ozone concentration i1s a key aspect for the prediction of
OSE events.

In this work we used part of the Multi Sensor Re-analysis (MSR?2) [3] dataset corresponding to
the OMI sensor, and covering the period between Jan 1, 2004 to Dec 31, 2018. This dataset is
composed of daily measures of the Total Column Ozone (TCO) in Dobson units.

We preprocessed this dataset in order to highlight only the OSE occurrences, using these steps:
1. For a given day &, compute mean,, the average TCO for the precedent 15 days

2. Compute the variation between mean of the previous days and the observation for day &

A= —(TCO;, — mean;)x100/meany,

3. Retain only the measures that show more than 10% of reduction

Ay if > 10%

OSE =
{O otherwise

We chose to observe the mean of a moving time window as it is more adapted to capture the
seasonal fluctuations than the simple historical month mean. Also, we chose to represent the
TCO variation instead of the raw Dobson values to highlight the events, simplifying the learning
task. In addition, the main harm of OSE happens during the days following the sudden drop of
the Ozone concentration. After a few days, even if the TCO concentration remains low, the
population will probably be warned by the governmental health agencies to take the required
actions (use sunscreen, hats, avoid exposition at given hours, etc.).

Due to our previous works on OSE, we focus the experiment in the zone surrounding the
Southern Spatial Observatory in Brazil (Observatorio Espacial do Sul — OES/CRS/INPE —

MCTI), located at 29.4°S; 53.8° W; 488.7 m). Hence, we selected a 32° x 32° grid centered at
these coordinates.

These values were mapped as pixels in a 32 x 32 gray-scale images, each pixel with a value
between 0 and 1 (0 to 100% variation). For each day in the dataset, we define a sequence
consisting of 20 frames, 10 for the input (the previous 10 days), and 10 for the output
(forecasting).

The total 5,075 sequences are split into a training set of 3,998 samples and a test set of 1,077
samples. We trained the PredRNN-++ model [7] over 10,000 iterations. After prediction, we
transform the resulted intensities into colored maps. These predictions are compared with the
real observations (ground truth).

RESULTS

A qualitative comparison of the predicted sequences is given in the next column. Three different
periods are represented. Both October 2012 and October 2016 are known OSE occurrences. The
case of April 2010, it was chosen as a "control" period as in this season air masses are rarely
originated from the pole, and Ozone variations are mostly due to the influx of equatorial masses
whose Ozone concentration 1s normally reduced.
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CONCLUSIONS

This preliminary work gives us some insights on the efficiency and precision of Deep Learning
forecasts for Ozone Secondary Effects. The obtained results are encouraging as we were able to
obtain some predictions with similar forms and intensities than the observed events. However,
the results are not always precise, and the quality of the forecast easily degrade for long term
predictions, requiring therefore an additional work on the learning algorithms and datasets.

October 2016

This work also helped us to improve data extraction and feature selection techniques, and to
understand the impact of different parameters such as the number and size of hidden convolution
layers. Hence, we shall continue to investigate how to better tune the Deep Learning network, as
well as trying other algorithms adapted from the video frame.
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