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Abstract 
 

This paper is a preliminary study of COVID-19 lockdown impact on air quality in Lecce (Apulia, Southern 

Italy) in the 2020 spring period (March-May). Governments all over the world imposed generalized or 
localized lockdown times: this was done everywhere by blocking industrial production, stopping commercial 

activities and transports. These actions did not have effects only on economy, but also on environment, as 

confirmed by many studies showing decreased mean concentrations of primary and secondary pollutants. In 

this context, the purpose of this paper is an attempt to contribute such literature efforts by evaluating the effect 
of COVID-19 lockdown in Lecce analysing pollutant concentration and meteorological data for the last five 

years (2016-2020). Specifically, data have been analysed using polar plots, trends, scatter plots and bar plots 

showing a decrease of particulate matter PM2.5 and nitrogen dioxide NO2 which is related to vehicular traffic 
decrease during the lockdown; for PM10 no changes were found due to a significant contribution of natural 

sources. The analysis revealed in particular that the lockdown effect let to an improvement of air quality in 

Lecce with a decrease of PM2.5/PM10 ratio up to 0.2 units for piazza Libertini and 0.1 units for via Garigliano 
in the 2020 spring, and a NO2 decrease by more than 50% in April and May 2020 with respect to 2016-2019 

average. PM2.5 values lowered by 10% and PM10 lowered by 7% (city-average) in 2020 spring respect to 2016-

2019 average. 
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1. Introduction 
 

In atmospheric sciences, the research of correlations in atmospheric pollution data allows to identify pollution 
sources, the reasons of increase or decrease of pollutants mean values and, eventually, allow to take action 

tailored to reduce the environmental impact. Airborne pollutants, in fact, can lead to serious damages to 

people’s health and buildings (https://www.epa.gov/pm-pollution/health-and-environmental-effects-
particulate-matter-pm). Recently, many studies have been published evaluating the correlation between 

atmospheric pollution and the lockdown imposed due to the COVID-19 spread, which seems to produce long-

term damages to lungs (Carfi et al., 2020). The lockdown period had an effect not only on the economy, but 

also on the atmospheric emissions, because with the total or partial quarantine the emissions related to vehicles 
and industrial activities drastically changed. A lot of studies in the last months dealt with these aspects. For 

example, Liu et al. (2020) found COVID-19 RNA in aerosols in Wuhan (China). In contrast with that, Chirizzi 

et al. (2021) found that in Northern and Southern Italy PM2.5 samples contained low quantities of COVID-19 
RNA. Dutheil et al. (2020) observed a 30% nitrogen oxides (NOx) reduction and a 6% carbon dioxide (CO2) 

reduction in China. Adams (2020) observed how NOx concentrations decreased and ozone (O3) increased 

during the quarantine in Ontario (Canada). Conticini et al. (2020) showed how poor-quality air environments 

are important factors to increase the virus lethality (in Northern Italy).  
In Italy, a total lockdown occurred for at least two spring months: from 9 March 2020 to 4 May 2020. In this 

perspective, this paper attempts to preliminary verify the impact of lockdown on air quality in the city of Lecce 

(Southern Italy) by analysing concentration and meteorological data in the period 2016-2020. PM and nitrogen 
dioxide (NO2) have been considered since they are strictly related to vehicular traffic in the urban environment 
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(Tiwary 2019). The purpose is to verify and quantify their decrease in the last spring due to the reduction of 

vehicular traffic emissions.    

 

 

 

2. Materials and methods 

 

2.1 Description of the study area  
 

Lecce (UTM coordinates: 40°21′7.24″ N, 18°10′8.9″ E), with about 96,000 inhabitants 

(demo.istat.it/pop2020/index.html), is built on a flat land, approximately 40-50 m a.s.l. From the climatic point 
of view, Lecce, following the Koppen-Geiger climate classification, belongs to Csa: Mediterranean hot 

summer climates. Summers are hot and dry, and its hottest month (August) has a mean temperature of 24.7°C 

(1998-2018, it.climate-data.org), while its coldest month (January) has a mean temperature of 9.2°C (1998-

2018, it.climate-data.org). Average annual rainfall is almost 620mm with minimum in summer and a maximum 
in autumn. July is the driest month with 15mm monthly total mean rainfall, and November is the most wet 

month with 91mm monthly total mean rainfall (it.climate-data.org). 

 
2.2 Pollutant concentration and meteorological data 
 

Pollutant concentration and meteorological data were obtained from stations managed by the Apulia Regional 

Environmental Protection Agency Regional (ARPA-Puglia, www.arpa.puglia.it) for the period 2016-2020 (up 
to 30 Sept). As for meteorological data, half hourly wind speed and wind direction were obtained from the 

meteorological station located above the roof of the ARPA-Puglia building in Via Miglietta 

(www.arpa.puglia.it/web/guest/serviziometeo). For pollutant concentrations, PM10, PM2.5 and NO2 were 
obtained from two stations: “piazza Libertini” and “via Garigliano” (Fig. 1), both located in the central city 

area and subjected to vehicular traffic (www.arpa.puglia.it/web/guest/meta-aria).  

 

Fig. 1 Map of Italy showing the Apulia region and satellite images (from Google Earth) showing the position 

of the city of Lecce and of the stations considered in this paper. Via Garigliano and Piazza Libertini are air-

quality measurement sites. Via Miglietta is the meteorological measurement site. 

Collected data have been firstly managed using Microsoft Excel (Office 365 version) to calculate mean daily 

values. Please note that for wind direction the daily median of wind direction was considered, while for wind 

speed the daily average of wind speed was considered. More detailed analyses were then performed using the 

software “R” and its expansion Openair (Carslaw and Ropkins 2012) to produce scatterplots, trends and polar 
plots. Bar plots were built using R expansion “ggplot2”. 

 

2.2.1 Polar plots 
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Polar plots are commonly employed to detect potential pollution sources, performing a spatial analysis 

(Carslaw et al. 2006) with wind and pollutant concentration data. They are called “polar” because wind 
direction data are transformed into polar coordinates. It is important to mention that in most of situations 

increasing wind speed results in a lower pollutant concentration, because higher wind speeds increase the 

potential of pollutant dispersion in the atmosphere, but there are a few cases in which high speed wind-high 
pollutant concentration correlation can be seen. For example, pollutants can be brought from high heights to 

pedestrian level from the winds. This is the case of particulate matter. For what concerns smaller molecules, 

like NO2, a good correlation between higher wind speed and higher pollutant concentration has a double bad 

effect, because if the air is well mixed and NO2 values remain high, probably higher O3 values can be found 
too. Polar plot requires wind speed, wind direction and concentration values as input and builds bins in which 

mean concentration is calculated. After that, it processes spatial 2-D surfaces using the root-square 

concentration value for a better diagnosis (1). 
 

                                                             √𝐶𝑖 =  𝑠(𝑢, 𝑣) + 𝑒𝑖                                                                                                      (1) 

 

In (1) √Ci is the root-square concentration of pollutant, 𝑒𝑖 is the residual and s (u, v) is a smooth function of 
bivariate wind components (u,v). Polar plots can be used for a single or double-pollutant analysis, for pollutant 

ratios and to estimate the distance from the pollution source. The objective is to find source variations, because 

the model return graphs which tell a lot about the source approximate position (Westmoreland et al. 2007). To 
work well, polar plot cannot be launched with a few days or months of data, so annual polar plots are shown 

in this paper. 

 

2.2.2 Temporal trends 

 

The “TheilSen” function was employed in openair to build temporal trends. It gets its name from TheilSen’s 

method (Theil, 1950; Sen, 1968). The slope T is calculated between all “n” x,y pairs from the median of all 
slopes (2). 

 

                                                             T= 
𝐶𝑒𝑛𝑑

𝐶𝑠𝑡𝑎𝑟𝑡
 − 1

𝑁𝑦𝑒𝑎𝑟𝑠
                                                                   (2) 

 

where Cend and Cstart are the mean concentrations for the end and start date, and Nyears is the number of 

examined years. T can tell how much a pollutant increased or decreased in the selected data. It has an important 
advantage: it provides accurate confidence intervals and does not matter about non-constant variance and 

outliers. It also provides “p” (p-value) estimation, which can help to understand if the result depends on 

sampling (randomness) or it is statistically significant, being the observed significance level. A random “α” is 

chosen (in this case the most common value was used: 0.05, which is related to a 95% significance interval) 
and the p-value is calculated. If p-value < α, then data are statistically significant. This method does not depend 

on autocorrelation like linear regression. Furthermore, another important function given by openair “R” 

expansion is the deseasonalisation: the script removes all seasonal trend effect, and this is important because 
in winter higher PM and NO2 values are reached. 

 

3. Results and discussion 

 
3.1 Mean, maximum and minimum concentrations 

 

For a general analysis of air quality in the city of Lecce, Fig. 2 shows annual mean values of PM10 PM2.5 and 

NO2 in the period 2016-2020. Error bars were obtained adding standard deviation values to the mean. 

As for PM (Fig. 2 a, b), values are below the annual limit of 40µg/m3 and 25µg/m3 (20µg/m3 in 2020) for PM10 
and PM2.5, respectively (D.Lgs. 155/2010), and they are in general lower in the last two years. As for daily 

mean values (not shown here), in all years the PM10 daily limit of 50 µg/m3 (which cannot be overcome more 

than 35 times per year) was also respected. The number of exceedances was higher for PM2.5. For example, in 
2016 26 and 16 exceedances were reached for piazza Libertini and via Garigliano, respectively. The 2020 

experienced the best situation: 12 and 8 exceedances for PM2.5 in piazza Libertini and via Garigliano, 
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respectively. Further, maximum and minimum daily values (not shown here) showed that highest maximum 

values occurred in 2016, while lower ones occurred in 2017. Minimum values did not show significant 
differences across the years. Standard deviations are very high in each year, but the most anomalous year is 

the 2016, because it has absolute maximum PM10 and PM2.5 values in the last five years. 2016 contains an 

important “dust” event that made measurement sites register incredible concentration values (details in section 
3.2). Further details can be found in the annual and monthly report produced by ARPA-Puglia and available 

at https://www.arpa.puglia.it/web/guest/qualita_aria. 
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Fig. 2 Bar plots showing annual means of a) PM10, b) PM2.5 and c) NO2 in piazza Libertini (gold) and via 

Garigliano (light blue) 
 

As for NO2 (Fig. 2c), it is a tropospheric pollutant which is emitted during combustions, so it is strictly related 

to anthropic impact (Peel et al. 2013). Annual means were again calculated from daily data. The legislative 

limit is 40µg/m3 to avoid human health problems, and 30µg/m3 to avoid harmful effects on vegetation. NO2 

annual mean exceeded legislative limit every year, except in 2020. Mean values for piazza Libertini were 
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always higher than values in via Garigliano, which also showed the 2019 annual mean below the legislative 

limit.  Maximum daily values for NO2 (not shown here) occurred in 2016, while lower ones in 2020. 
Overall, the analysis of bar plots has shown that both PM2.5 and NO2 mean values decreased in the last two 

years. It is thus worth to evaluating if such decrease, especially in 2020, can be related to the decrease of traffic-

related emissions during the COVID-19 lockdown period March-May 2020. 
 

3.2 Identification of pollutant source 

 

To evaluate the effect of traffic-related emissions on PM and NO2 concentrations, polar plots using 
concentration and meteorological data were firstly built allowing to verify the major contribution of local 

sources on pollutant concentrations (Figs 3,4,5). It is important to note that peaks and mean values represented 

in legend on bottom side of figures, are based on daily data and they don’t give information about the real 
value of source, but only its average weight during all year. However, a daily value which is too different from 

the others should be eliminated because it could cover some others. Seeing a peak far away from the centre 

means that pollution source in that year (on average) is far from the measurement site, therefore polar plots are 
important to understand where source is located. 

Fig. 3 shows polar plots for PM2.5. It can be noted that points are located in the centre of the plot for each year, 

suggesting that PM2.5 values analysed here mainly came from local sources, where in this case “local” means 

that the emissions occurred next to the site. Comparing Fig. 3 and Fig. 4 (PM10 polar plots) the difference 
between PM2.5 and PM10 is clear since higher PM10 values far away from the centre can be observed, meaning 

that PM10 mainly came from far sources and not from local ones. Highest PM10 south-side values can in fact 

be related to “Saharian Dust” events (Pederzoli et al. 2010) as winds from Africa can carry dusts in the Apulia 
region. From Fig. 4 several Saharian Dust events can be noted in each year. For example, in 2016 a very high 

peak is visible from south. Further, polar plots in 2016 were obtained eliminating one-day (23 March) which 

was characterized by a very large Saharian Dust event (https://arpacra.blogspot.com/) and high values of PM10 

and PM2.5 were registered in many measurement sites. 
Finally, Fig. 5 shows NO2 polar plots. NO2 is strictly related to vehicular-traffic emissions and about the 50% 

of total NO2 urban emissions (world average) come from traffic (Tiwary 2019). A significant NO2 advection 

is visible in 2018 for piazza Libertini (a peak from west is visible), but the other important effect occurred in 
2020: in fact, a contribution on pollution source from west is shown for both measurement sites and it probably 

means, comparing these data to bar plot values previously seen (which show a decrease), that in 2020 local 

vehicular traffic NO2 was lower enough to make visible another important source in polar plots, because NO2 

is nearly mostly vehicular traffic emitted and if polar plot shows other sources far from the centre, it means 

that the relative importance of the local NO2 contribution (vehicular traffic) is lower compared to last years. 
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Fig. 3 PM2.5 polar plots for Piazza Libertini (top) and via Garigliano (bottom) 

 

 
Fig. 4 PM10 polar plots for Piazza Libertini (top) and via Garigliano (bottom) 
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Fig. 5 NO2 polar plots for Piazza Libertini (top) and via Garigliano (bottom) 

3.3 Temporal trends 

 

Several studies (e.g. Chen et al. 2020) have shown that, during the COVID-19 lockdown, pollution levels 
including the particulate lowered with respect to typical values observed in the past years. After confirming 

that PM2.5 and NO2 data analysed in the previous sections decreased during the last five years and that they are 

mostly due to local sources, as a next step trends of pollutants concentrations have been evaluated to establish 

if such decreases (removing seasonal effects) are statistically significant or not.  
The PM10 deseasonalised annual trends in Fig. 6 shows that PM10 did not decrease or increase significantly in 

the last five years. 

A more interesting result has been instead obtained for PM2.5 as shown in Fig. 7(a,b). A decrease of PM2.5 in 
the last five years is evident and it is estimated to be 0.4µg/m3 per year for via Garigliano and 0.5µg/m3 per 

year for piazza Libertini. The p-value in this case is ≤ 0.05 and trends for PM2.5 are thus statistically relevant. 

For NO2 trends in both sites (Fig. 7c,7d), p-value is very low (p < 0.001), so both trends are statistically 

significant. From the coefficients shown at the top of graph, two decreases can be seen. The decrease in this 
case are -2.65µg/m3 per year for via Garigliano and -3.12µg/m3 per year for piazza Libertini. It is important to 

say that PM2.5 and NO2 are strongly related to vehicular local traffic (as shown by polar plots in section 3.2) 

and their both decrease give information about the lockdown human activities reduction. 
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Fig. 6 TheilSen’s PM10 temporal trends in a) via Garigliano and b) piazza Libertini during the last five years 

 

 

Fig. 7 TheilSen’s PM2.5 (a,b) and NO2 (c,d) temporal trends in via Garigliano and piazza Libertini during the 

last five years. For PM2.5 the symbol “*” means p ≤ 0.05 and for NO2 the symbol “***” means p < 0.001 
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3.4 Evaluation of the lockdown impact  

 
As shown in the previous section, PM10 did not show any visible trend, while the decrease of PM2.5 and NO2 

was found to be statistically relevant. The final step has been to estimate the weight of lockdown in last spring 

on source variation and negative trends. Spring is appropriate to evaluate this kind of correlation because in 
Lecce spring is a temperate-season and low-constant PM contribute from home heating can be considered. So, 

to attempt evaluating the effect of COVID-19 lockdown, seasonal PM2.5/PM10 ratio (for spring) has been 

considered (Xu et al. 2017), thus we expect that the analysis of PM2.5/PM10 ratio can actually show the 
contribution of vehicular traffic emissions.  

Fig. 8 shows scatterplots between PM10 and PM2.5 for piazza Libertini and via Garigliano, with indication of 

the correlation coefficient R2 and the angular coefficient (regression line slope) which indicates mean seasonal 
PM2.5/ PM10 ratio. PM10 “contains” PM2.5, so PM ratio is an indication of the vehicular traffic weight on 

emissions. Higher ratio values suggest an anthropic origin for pollution because PM2.5 is mostly related to 

human activities process, while PM10 can be related to natural process too (marine aerosol for example). Daily 

PM values from 01/03 to 31/05 were considered for 2019 and 2020, for both measurement sites. 
Scatterplots show lower R2 in 2020 and lower angular coefficients (PM2.5/PM10 ratio) in 2020 probably due to 

quarantine effect and a relative decrease in PM2.5 values, supposing natural events almost constant in the years. 

Both (angular and correlation) coefficients lowered more for piazza Libertini, respect to via Garigliano, 
probably because the first one, being very central in Lecce, is more affected by vehicular traffic. Furthermore, 

Tab. 1 shows a comparison between 2016-2019 PM2.5-PM10 mean value and 2020 PM2.5–PM10 mean value (at 

both measurement sites). In this case, the decrease in Via Garigliano is higher for both pollutants. A bigger 
decrease can be seen for the fine PM fraction, probably due to the quarantine effect. 

 

 

Fig. 8 Scatterplots between PM10 and PM2.5 spring values in 2019 and 2020 for via Garigliano (left) and for 

piazza Libertini (right). The regression line equation and the coefficient R2 are also indicated 

Tab. 1 PM spring percentage decrease in 2020 (compared to 2016-2019 average) 

PM decrease PM2.5 PM10 

Piazza Libertini -7% -4% 

Via Garigliano -13% -9% 

 

NO2 does not need source apportionment data and it can give information about how vehicular traffic changes 

in time. In Fig. 9 it is represented its spring variation in time (for both measurement site). In Fig. 9, bar plots 
and trends for NO2 monthly mean is shown and 2020 spring shows lowest concentration values for both sites 

in the last five years. Furthermore, only for via Garigliano the TheilSen’s trend is statistically significant, in 
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fact the “*” symbol in Fig. 9b means that p-value is ≤ 0.05. The decrease can be noticed from the equation on 

top: -4.39µg/m3 per year, showing a higher decrease respect to annual trend seen in section 3.3. TheilSen’s 
estimation trend is not statistically significant for piazza Libertini probably because in 2018 there’s an 

anomalous April, with very high value (82.1µg/m3). 

Finally, Tab. 2 shows a comparison between 2016-2019 NO2 mean value and 2020 NO2 mean value (at both 
measurement sites). There has been a large NO2 decrease, especially in piazza Libertini (over 50% for each 

examined month), likely due to its location in the city center where a larger vehicular traffic variation 

(decrease) is expected. 

 

 

 
Fig. 9 Bar plots with NO2 monthly (March, April and May) values for a) via Garigliano and c) piazza 

Libertini. b) Same as a), but showing TheilSen’s estimation trends 

 

Tab. 2 NO2 monthly percentage decrease in 2020 (compared to 2016-2019 average) 

NO2 decrease March April May 

Piazza Libertini -50% -63% -66% 

Via Garigliano -28% -50% -55% 

 

Conclusions 
 

The present paper was devoted to the analysis of the impact of COVID-19 lockdown occurred in the last spring 

(from march to May 2020) in the city of Lecce. To this aim both PM and NO2 concentration data, as well as 
meteorological data obtained from the ARPA-Puglia stations for the period 2016-2020, were analysed and 

correlated. Main conclusions achieved are summarized below: 

• as for PM, several studies have been recently published to assess the correlation between high particulate 

pollution and COVID-19 spreading, but there is still no total agreement on this (Liu et al. 2020; Chirizzi 
et al. 2021). In Lecce, the analysis of PM10 and PM2.5 has shown that concentrations were lower legislative 

values, and a statistically significant negative trend for PM2.5 was found for the last five years, while no 

trend was visible for PM10. Since PM2.5 is mostly related to vehicular traffic, while PM10 come from several 

sources (mostly natural), the PM2.5/PM10 ratio allowed us to verify the PM2.5 was likely related to the lower 
vehicular emissions during the lockdown period with the establishment of “smart working” and the 

reduction of several activities (industrial and commercial); 
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• the impact of lockdown has also been confirmed from the analysis of NO2 concentrations (being), which 

showed a negative trend in the last five years, with minimum values registered in 2020. This is very 

important for the study of lockdown impact, because NO2 is 50% emitted from vehicles and NO2 lowered 
in spring 2020 (compared to the last five-years springs), so vehicular traffic was extremely reduced by 

quarantine. However, NO2 values should be careful treated because many studies showed how lower NO2 

concentrations are highly related to increased O3 peaks (Siciliano et al. 2020).  
This work is in line with studies mentioned in the Introduction, suggesting that the lockdown had an effect on 

PM2.5 and PM10 concentrations, with a reduction of PM2.5 by 7% and 13% (respectively for piazza Libertini 

and via Garigliano) while PM10 concentrations lowered by 4% and 9% (respectively for piazza Libertini and 

via Garigliano) in 2020 spring mean respect to 2016-2019 average. 
Future work will be devoted to the chemical composition studying its source apportionment to estimate how 

much of that PM2.5 and PM10 really comes from anthropogenic emissions. In this way, results found in the 

present paper can be confirmed and better quantified. By the way, there’s an important improvement from the 
point of view of NO2 and that is crucial, because Ogen (2020) showed the correlation between high levels of 

NO2 and COVID-19 fatality increase and in 2020 NO2 reached lowest values in the last five years. 

Furthermore, the analysis of other measurement sites where both pollutant concentration and meteorological 
data are already available in the whole Apulia region is necessary to highlight the different effect of COVID-

19 under different meteorological and air quality conditions. 
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