TREND AND VARIABILITY IN TOTAL OZONE CONTENT AT THREE MEASUREMENT STATIONS IN ITALY
Religi A.1, Siani A.M.1,, Casale G.R.1, Diémoz H., 1,2, Petkov B.3
1 Sapienza Università di Roma, Physics Department, P.le A. Moro 2 00185 Rome, Italy 
2. Arpa Valle d’Aosta, Loc. Grande Charrière 44, 11020 Saint-Christophe (AO), Italy

3. Institute of Atmospheric Sciences and Climate (ISAC), Italian National Research Council (CNR), Via Gobetti 101, I-40129 Bologna, Italy

This study examines the variability of the daily total ozone content (TOC) over north-central Italy in order to detect possible trends, by analyzing data sets significantly longer than in previous researches. Three data sets were used: 1) ground-based TOC measurements using the MKIV Brewer  #067 at Rome (41.9°N, 12.5°E, 75 m a.s.l) for the period 1992-2012, the MKIV Brewer #066 at Aosta (45.7°N, 7.4°E, 569 m a.s.l) for the period 2007-2012 and a narrow-band filter UV radiometer (UVRAD) at Bologna (44.5°N, 11.2°E, 60 m a.s.l.) for the period 2005-2012; 2) total ozone satellite (TOMS v. 8, OMI v. 8.5) data over Rome for the period 1992 up to 2012 and OMI data from 2004 to 2012 for  the other sites; 3) reconstructed TOC time series built within the framework of the COST Action 726 “Long –term changes and climatology of UV radiation over Europe”. The third dataset was taken into account because the observation periods, as derived from databases 1) and 2), were not long enough for all chosen sites to derive statistically reliable trends.  The COST ozone time series covered the period 1 January 1950 - 31 March 2009 and were extended till 2012 using OMI data.
A climatological characterization as well as the identification of anomalies and/or fluctuations in the data sets at the Italian sites were carried out by means of descriptive statistical methodology. In addition a comparison among the datasets was carried out on daily, monthly and annual bases.
The long term variability was detected by using non-parametric trend tests in a sequential way and a “change-point” search technique. The “change-point” is identified as splitting the series into two sub-series either with or without trend. Then the slope of the linear regression fit (in case of trend) provided the temporal ozone evolution over a given period at each site. The trend evaluation was also carried out using a recent approach based on the flexible trend model. 
The ground-based O3 series recorded at Rome did not show any statistically significant trend whereas the  time series from space-borne instrumentation revealed a negative linear trend over period 1979-2012 (-1.22%/decade) and a change-point in 1992 presumably due to the Pinatubo eruption in 1991, without any trend before and after that year. A negative trend was also found in the COST time series for all three sites in the cold months, starting at the change point located at the end of 1980s. Using the flexible trend model on the same database no statistically significant trend was found during the warm period with respect to the reference period 1958-1978 while negative trends up to -1.5%/decade were found during the cold months. 

The relationship between the TOC and some atmospheric activity indexes, representative of the atmospheric dynamics, was also examined.
