1

CLIMATOLOGY OF THE OZONE LAYER AND THE IMPACT
OF UV RADIATION IN THE ENVIRONMENT

http://dx.doi.org/10.4322/apa.2014.002

Neusa Paes Leme'*; Damaris K Pinheiro?; Claudio Casiccia®;
Eduardo J. Quel*; Elian Wolfran*; Francesco Zaratti®

'Laboratério de Varidveis Ambientais Tropicais — LAVAT, Instituto Nacional de Pesquisas Espaciais — INPE,
Centro Regional do Nordeste — CRN, Natal, Brazil
2Laboratério Espacial Sul—= LASCESM, Universidade Federal de Santa Maria — UFSM, Rio Grande do Sul, Brazil
SLaboratorio de Ozono Universidad de Magallanes — UMAG, Punta Arenas, Chile
“CEILAP (CITEFA-CONICET), Buenos Aires, Argentina
SUniversidad Mayor de San Andres, Laboratorio de Ozono e RUV, La Paz, Bolivia
*e-mail: neusa_paesleme@yahoo.com.br

Measurements of UV Radiation

Continuous measurements of UV radiation were held
throughout the year using a 4-channel radiometer that
measures UV-B,UV-Aradiationand PAR (Photosintetically
Active) very important for biological studies at various
latitudes: in Ferraz, King George Island in PuUniverinta
Arenas, southern Chile in La Paz, Bolivia, and Santa
Maria, Rio Grande do Sul. Were recorded several events of
increased UV radiation during the presence of the ozone
hole. In EACF increase of up to 150% in the incidence of

UV radiation in the soil was recorded in 2009.

Measurement of Total Column Ozone, Sulfur
Dioxide (SO,) and Nitrogen Dioxide (NO,)

Continuous measures throughout 2009 in various
latitudes: in Ferraz, King George Island, Punta Arenas,
southern Chile, Rio Gallegos, Argentina, in La Paz, Bolivia,
and Santa Maria, Rio Grande do Sul, Brazil. Inimplementing
these measures, we used the Brewer Spectrophotometer.

The Brewer spectrophotometer in Rio Gallegos,
Argentina, operated during the year 2009. Shutting down
during the winter because it has limitation to operate at

temperatures below zero (not have internal heaters).
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Figure 1. Backward isentropic trajectory for the day 10.08.2007
on the Southern Space Observatory, Brazil, developed by the
HYSPLIT model, obtained by site http://www.arl.noaa.gov/ready/
open/traj.html
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Figure 2. Potential Vorticity maps for the days 06/10/2007 (before the event), 07/10/2007 and 08/10/2007 at the level of potential

temperature 620 K, close to 25,000 m.

Measurements of ozone concentration over the
region of EACF showed a destruction of 55% and in
southern South America, the decrease in concentration
of the Ozone Layer was 25%. This shows that the ozone
hole is still very active and on the last layer of maximum
destruction that occurred in 2006 had 15% re recovery.
The most important difference between 2006 and 2009
is the permanence of days in the presence of the Ozone
Hole. In 2006, lasted from August until November and in

2009 was in August until December.
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Side Effects of the Antarctic Ozone Hole on
the South of Brazil

The southern region of Brazil is subject to reductions
in ozone in the months August to November, when
the total ozone would be in its peak season. In these
reductions is called side effects of Antarctic ozone hole.
A methodology was developed to identify side effects
of Antarctic ozone hole over the South of Brazil. The
methodology developed can be applied to anywhere in
Brazil and the world.




We evaluated the side effects of Antarctic Ozone Hole
on the southern Brazil through analysis of data from the
Brewer spectrophotometer and TOMS and OMI satellite
that contained the lowest values of total ozone only in
September and October, 1987 2008. For each selected
event, we investigated if the minimum had associated with
the arrival of air masses and the external origin of these
air masses, low ozone concentration was polar. To that
end, we applied a methodology consists of three steps: (1)
analysis of the total ozone obtained from satellite imagery
and the Brewer Spectrophotometer, (2) generation of
retroactive trajectories of air masses through the NOAA
HYSPLIT model, and (3) analysis of potential vorticity
maps, using parameters such as data reanalysis of NCEP
/ NCAR (National Center for Environmental Prediction
/ National Center for Atmospheric Research). This
type of methodology is to estimate the contribution of
isentropic transport on the variability of ozone content.
The maps were generated for the day with an event to a
minimum and the previous days, providing a qualitative
analysis of the increase or reduction of absolute potential
vorticity (PVA). Increases in PVA scale of days, indicating

inputs of air masses of polar origin and reduction of

PVA indicate entry of air masses of equatorial origin.

The simulation of retroactive trajectories of air masses
was performed using the HYSPLIT model (Hybrid
Single-Particle Lagrangian Integrated Trajectory),
developed by the Air Resourses Laboratory of NOAA
(National Oceanic and Atmospheric Administration).
Of all the events analyzed minimum, there were 18 events
of side effects of Antarctic ozone hole, three in September
and 15 in October. Of the 18 confirmed events, with
mean reductions in total ozone of about 10%, 11 occurred
from 2000 to 2008, and only in 2002 did not show side
effects, because the ozone hole was atypical that year with
intensity much smaller and smaller area. Therefore, we
observed the prevalence of side effects during October.
During the execution of activities in 2009, there
was a need for improvement in the method of analysis
of maps of PVA, being necessary to include a range
of PV more sensitive to the potential vorticity maps.
As an example, we present the event of a side effect of the
ozone hole over the South of Brazil occurred in 07 and
October 8, 2007, when the values of total ozone for 07 days
was 259.5 and for the UD 08 UD 269.3 days, while the

average column ozone in October was 292.62 + 17.42 UD.
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