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Abstract. The main objectives of this work are to analyze, firstly, the detail of the causes of a low ozonz event
which occurred in January 2006 and, secondly, the relafiiedte of this anomalous episode on ultraviolet

(UV) radiation measured at three locations in Extremadura (South-Western Spain). On 19 January 2006, the
OMI total ozone column (TOC) was 16—20% below the January mean value of TMOAS2R\ TOC (period
1996-2005). The back trajectories analysis with the HY Split model indicates that the notable decrease of TOC
could be attributed to a fast rise of the isentropic trajectories height. Concomitantly, UV erythemal radiation
greatly increases (between 23% and 37%) on 19 January 2006 respect to UV erythemal radiation measured on
19 January 2005. This notable increase in winter UV solar radiation may involve haffefttsefor organisms

adapted to receive less radiation during that season (e.g. early developmental stages of terrestrial plants and
phytoplankton).

1 Introduction the year (Serrano et al., 2006). In Extremadura, for cloud
free conditions the UV Index (UVI) varies between maxi-
During the last decades, events of extremely low ozone lastmum values of 11 during summer and a minimum of abou
ing two or three days have been reported in both hemispheres.5 in winter.
(Bojkov et al., 2001). This type of episodes are usually In this perspective, the present article analyzes the caus
named ozone mini-holes (Newman et al., 1988) and they canf an ozone mini-hole episode in Spain on 19 January
be explained by dierent dynamic processes such as the dis-2006 and its influence on the UV radiation recorded in Ex-
placement of the polar vortex (James et al., 2000), influenceremadura. Therefore, this study will contribute to improve
of planetary waves (Schoeberl et al., 1983), advection fromour knowledge about such extreme events, which produce
the tropics of air patches with low total ozone content (Allart very short-term variability of TOC.
et al., 2000) or isentropic vertical uplift air-mass in the lower
and middle stratosphere (Ilwao et al., 2006). The ultraviolet
(UV) radiation is strongly influenced by ozone due to absorp-2 Data
tion at wavelengths below 320 nm. Therefore, the observed
ozone mini-hole episodes are expected to have a notable inWe analysed the ozone mini-hole event using total ozone da
fluence on UV radiation values measured at the surface egerovided by the OMI satellite instrument onboard E&%a
pecially under clear skies (Austin et al., 1999; Stick et al., platform from July 2004. This satellite instrument is a contri-
2006). bution of the Netherlands’s Agency for Aerospace Program
Very few results about UV radiation analyses during ozone(NIVR) in collaboration with the Finnish Meteorological In-
mini-hole episodes have been published to date in Spairstitute (FMI). The OMI ozone data are available everyday of
(Cordoba et al., 2000; Abh et al., 2007). These studies the year viaanonymous ftp service (ffppoms.gsfc.nasa.gpv
have a great interest in this country, and particularly in thepulyomi/datgozong).
Extremadura region (South-Western Spain) due to the high UV erythemal radiation in UV-index units, recorded by
UV radiation values measured at these latitudes throughouthree Kipp & Zonen broad-band radiometers, have been useg
to study the #&ects of the ozone mini-hole episode on UV ra-
diation at the earth’s surface. The three broad-band radiom

Correspondence to: M. Anton ters are located at Badajoz (38°9@ 7.0T W, altitude:
BY (mananton@unex.es) 199 m), Giceres (39.48N, 6.34 W, 397m) and Plasencia
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Figure 1. Temporal evolution of (top panel) total ozone measured by OMI from 17 to 21 January 2006 (the dashed line indicates the
TOMS/NASA climatological mean value of January 1996-2005), (middle panel) total ozone amount and the air parcel altitude of three
isentropic back-trajectories, and (bottom panel) the erythemal UV irradiances in units of UV-index measured on 19 January of years 2005

and 2006 in Badajoz, &eres and Plasencia.

(40.06 N, 6.04 W, 372m). These instruments have partici- oratory (ARL) with associated codes developed by the Uni-

pated in three outdoor inter-calibration campaigns during theversity of Houston (UH). More details of this model are given

period 2001-2005 with a well-characterized and calibratedn Draxler and Hess (1997).

Brewer MK-11l spectrophotometer, which belongs to the Na-

tional Institute of Aerospace Technology (INTA) and it is

located at El Arenosillo in Huelva, Spain (37N, 6.7W, 3 Results and discussion

20ma.s.l.). These three campaigns show that the calibration

factors of the broadband UV instruments present a negativd he evolution of OMI TOC data during January 2006 shows

trend attributable to instruments aging. Thus, a linear expreslow values on 18-20 January 2006 over the three Ex-

sion as a function of time was derived in order to calculatetremadura locations (Fig. 1, top), with a minimum on 19

the calibration factors of each instrument (Ant 2007). January: 247 DU (Badajoz), 241 DU &€Ceres) and 240 DU

(Plasencia). Thus, the TOC values were 16—-20% below

To determine the origin of air mass, a trajectory analysisthe January mean value (period 1996—2005) obtained by

for the three locations was performed using the BRH- the TOMSNASA instrument. In addition, the mean TOC

HYSPLIT_4 model (HYbrid Single-Particle Lagrangian In- values & one standard deviation) in January 2006 were

tegrated Trajectory version 4) of NOAA Air Resources Lab- (306+38) DU for Badajoz, (30436) DU for Caceres and
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(303£37) DU for Plasencia. It can be seen that these mea® Conclusions

values are quite higher than the minimum TOC on 19 January

(relative increase higher than 23%). After 20 January, the toAn unusual low ozone episode occurred over the Iberia
tal ozone amount returned to levels which can be considere@eninsula on 19 January 2006. We analysed this event ov
as usual for these geographical locations and season. In ordgte region of Extremadura (South-western Spain) using OM
to understand the significance of the ozone mini-hole episodeotal ozone data and back trajectories analysis from HYS
of 19 January 2006, TOC values were compared to thesglit model. The ozone mini-hole episode was mainly dug
recorded by TOMBNASA on 19 January 2005; 294DU in to a very fast adiabatic uplifting of the tropopause (vertical
Badajoz, 298 DU in @ceres, and 299 DU in Plasencia. advection) above an upper tropospheric anticyclone in th

A complete trajectory analysis with the HY Split model on hours previous to its arrival to Spain. The TOC values werg

the 450K isentropic surface from 15 to 19 January was permore than 16% below the January mean values (period 1994
formed for studying the origin and height of the air mass 2005).

arr_iving at Extremadura. According to this trajectory anz_il- Measurements of the UV Index (UVI) at three locations in
ysis and OMI data, the low TOC values over the measuringextremadura were used to study théeets of an ozone mini-
sites can not be associated to the origin of air mass, whicthgle on UV radiation. The anomalous event coincided witH
came from high latitudes with high TOC values. In contrast, cjoudless conditions. Thus, on 19 January 2006, the UV
Fig. 1 (middle panel) shows that the TOC values on 19 Janyg|yes were between 23% and 37% higher than UVI value
uary 2006 practically coincide with a fast rise of isentropic measured on 19 January 2005. This important increase
trajectories (altitude increase of approximately 6km). Theinter UV solar radiation could involve adverséeets for

meteorological conditions on 19 January 2006 were examyrganisms adapted to receive less radiation in that season.
ined in order to study the causes of this vertical displace-
ment of air patches. It has been documented that ozone
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