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Abstract: The COVID-19 health emergency has imposed the need to limit and/or stop non-essential
economic and commercial activities and movement of people. The objective of this work is to report
an assessment of the change in vehicle flows and in air quality of a specific study area in the north of
Italy, comparing the periods February–May 2020 and February–May 2019. Circulating vehicles have
been measured at nine characteristic points of the local road network of the city of Reggio Emilia
(Italy), while atmospheric pollutant concentrations have been analysed using data extracted from
the regional air quality monitoring network. The results highlight a rapid decline in the number of
vehicles circulating in 2020 (with values of up to −82%). This has contributed to a reduction in air
concentrations of pollutants, in particular for NO2 and CO (over 30% and over 22%, respectively).
On the other hand, O3 has increased (by about +13%), but this is expected. Finally, the particulate
matter grew (about 30%), with a behaviour similar to the whole regional territory. The empirical
findings of this study provide some indications and useful information to assist in understanding the
effects of traffic blocking in urban areas on air quality.
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1. Introduction

This paper deals with the study of some effects that the COVID-19 lockdown has had
on road vehicular traffic and on the state of air quality. In particular, this paper describes
the trends of vehicular traffic entering and leaving the city of Reggio Emilia (northern Italy)
through the data collected continuously at some strategic locations positioned at represen-
tative points of the region, as well as the atmospheric conditions and the concentrations
of some atmospheric pollutants measured during the same period. In particular, the data
referring to the following periods have been compared: 1 February—29 May 2019 and 1
February—29 May 2020.

The health emergency related to the spread of COrona VIrus Disease-19 (COVID-19)
was officially identified for the first time in late December 2019 in the city of Wuhan (China),
where a group of patients experienced acute respiratory problems, with symptoms such
as fever, cough, dyspnoea and myalgia or fatigue [1–3]. In the following months, helped
by population movements, the virus spread rapidly within the Chinese territory and,
subsequently, in other parts of the world, infecting in a first phase especially Europe and
North America [4,5]. It appears that air and high-speed train (HST) travel have had a
strong influence on the spread of the virus [6,7].

Currently, its spread, albeit with very different levels of contagion, involves practically
the whole world. This prompted the World Health Organization (WHO) to declare the
spread of COVID-19 a global pandemic on 11 March 2020 [8].
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The continuous updating of the data by the WHO indicates that as of 18th December
2020 the confirmed cases in the world are over 72 million, with over 1.6 million deaths [9].
After the initial predominance of European countries in the number of infections and
deaths, it is now the Americas that have registered the highest number of cases (over 31
million confirmed cases), followed by Europe (over 22 million), South-East Asia (almost 11
million), the eastern Mediterranean (over 4.5 million), Africa (about 1.6 million) and the
western Pacific (almost 0.9 million). Figure 1 shows the global map provided by the WHO.
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The rapid spread of COVID-19 determined a strong scientific push towards the inves-
tigation of the causes and main drivers of the infection, identifying two main types [10–14]:
a direct form through human-to-human transmission and an indirect form through contact
with contaminated surfaces and materials [15]. Since COVID-19 is a respiratory syndrome
disease, a significant amount of scientific evidence identifies air pollution as a factor capable
of increasing the risk of contracting these diseases, including COVID-19 [16–21].

To cope with the spread of infections, the choice applied internationally was to in-
troduce a limitation or total block of all non-fundamental economic and social activities,
imposing a forced lockdown [22]. The lockdown has generated a sharp reduction in in-
dustrial activities, with the closure of many manufacturing plants, shops and catering
businesses. Tourist activities have collapsed. The entire transport sector has suffered sharp
cuts. The study presented by [23], specifically focused on the impact of the COVID-19
emergency on the energy sector and on CO2 emissions globally, reports a reduction (com-
pared to the previous year) in road transport of 50% and in air transport of 75% (90% in
Europe using data released by [24]). The International Civil Aviation Organization [25]
also confirms high percentages in the reduction of air traffic (about an 80% decrease). [26]
describes a sharp drop in vehicular traffic in the cities of Madrid and Barcelona (Spain):
−72.4% for long-distance movements and about −44% for heavy vehicles. Also reported
are a drop of more than 80% for entrances to the two urban areas and a reduction in traffic
circulating within cities on average by 75%. [27] indicates an average reduction of 50%
in Budapest (Hungary). The use of public transport services has dropped considerably:
reductions of 80–90% of users of public transport in Wuhan (China) and Delhi (India) and
of 93% in Santander (Spain) are described by [28]. In transport, the food retail logistics
sector has undergone a growth in demand, linked to the panic of citizenship, the need to
purchase goods for reserve purposes and the increase in home consumption. This is the
analysis conducted by [29] with reference to the German food retail logistics sector. Finally,
analysing the social aspect of mobility for some Indian case studies, [30] report drops of
71%, 46%, 65% and 60% in retail and recreation, grocery and pharmacy, visits to parks,
transit stations, and workplace mobility, respectively. In studying the specific situation
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in the Netherlands, [31] indicate how the amount of travel and the distance travelled
decreased by 55% and 68%, respectively. [32] noted that human mobility in the United
Kingdom drops by about 80% after the imposition of a blockade.

Vehicle traffic is an important source of air pollutants, particularly in urban areas, as
well as one of the main causes of exceeding the regulatory limits of air quality for the health
of the population [33–35]. This source makes a significant contribution to the concentrations
of different pollutants, especially nitrogen oxides (NOx), carbon dioxide (CO2), sulphur
dioxides (SO2), carbon monoxide (CO), volatile organic compounds (VOCs) and particulate
matter (PM10 and PM2.5). [36] quantify at 50% the contribution of vehicular traffic to total
emissions in Delhi (India), with 66–74% of NOx emissions. [37] confirm NOx as the main
traffic-related pollutant in analysing the territory of Trabzon (Turkey). Analysing a specific
context of China (Shandong Province), [38] show a strong contribution by vehicular traffic
to emissions of NOx (69%), while minor contributions are attributed to PM (1%), CO (8%)
and VOCs (8%). [39] attributes to traffic an overall contribution of 30% and 14% to the
emissions of NOx and CO2 in the Federal District (Brazil). Light-duty vehicles (LDVs) are
attributed greater pressure in terms of CO, CO2 and methane, while heavy-duty vehicles
(HDVs) are attributed greater pressure in NOx, PM and NMHC emissions. [40], analysing
a comprehensive atmospheric emission inventory for air quality in Bogotá (Colombia),
indicate a strong impact of traffic on CO2 (80%), CO (99%), VOC (68%), NOx (95%) and
SO2 (85%).

At the European level, [41] attribute to traffic (road) a contribution of 39% for NOx
emissions and a further 9% for non-road transport and 13% (11% road and 2% non-
road transport) for PM2.5. Analysing the data reported by the European Environment
Agency [42], transport (road and non-road) is indicated as being responsible for over 50%
of NOx emissions, about 20% for CO and PM2.5 and about 10% for other pollutants (non-
methane volatile organic compounds—NMVOCs, PM10 and SOx). At the local level, in
Italy the Emilia-Romagna region quantified the contribution of vehicular traffic to pollutant
emissions as follows [43]: 58% of NOx, 48% of CO, 34% of CO2, 26% of PM, 12% of
NMVOCs and 0.5% of SO2.

The pressures on air quality are assessed through the use of emission inventories [44]
and through experimental measurements conducted in the laboratory or in real con-
texts [45]. In considering the direct relationship between polluting emissions and the
presence of vehicular traffic, the significant reduction in the number of vehicles circulating
during the lockdown period has favoured a consequent reduction in polluting concen-
trations in the atmosphere and the quality of movement [29,46,47], although with further
related problems (increase in speeds, more frequent harsh acceleration and harsh braking
events) [48]. As reported by [27], with a case study in Budapest (Hungary), the reduction
in transport levels has changed in relation to the type of vehicle used. The results show
a greater reduction for public transport (80%), while cycling and bike sharing have the
lowest values (23% and 2%, respectively). For road traffic, a reduction of about 34–37% less
is reported.

It is important to underline that the pollutant concentrations reported in the study are
not only due to the emission contribution of vehicular traffic, but are the joint contribu-
tion of the possible polluting sources and photochemical reactions that take place in the
atmosphere.

The research questions that it is intended the paper will answer are the following:

- How much of an impact did the lockdown period in Italy have on the characteristic
vehicle flows of the city of Reggio Emilia?

- Is there a direct relationship between the reduction of circulating traffic and the
polluting concentrations measured by the air quality monitoring stations in the area?

- What are the possible lessons learned from this emergency situation for future choices
in land management?
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2. Materials and Methods
2.1. Description of Pilot Areas

The selected pilot area is represented by the urban area and the first suburbs of the city
of Reggio Emilia. Located in northern Italy, in the Po Valley, the city has a population of
about 172,124 inhabitants (according to the 2019 data from the Italian National Institute of
Statistics (ISTAT), 2020) and hosts numerous industrial and production activities. According
to the data from a recent survey conducted at local level [49], the presence of crafts (about
36% of the companies in the area) is of considerable significance, making this province the
largest artisan reality in north-eastern Italy. The sector with the greatest relative weight
remains that of the metalworking industry (46.5%), followed by the food sector (13.3%),
ceramics (7.8%), clothing (7.6%) and construction (7%). During the COVID-19 emergency,
the province of Reggio Emilia was hit hard, like most of northern Italy. While at regional
level the number of COVID-19 cases is (updated to 24th November 2020) 111,000 (about
12% nationally), in Reggio Emilia there were 16,077 positive cases [50,51].

2.2. Data

In the present study, different data have been used, coming from free-access local
databases. To observe the effect induced by the lockdown, data series covering the period
1 February—29 May have been analysed, considering a few weeks before and a few weeks
after the period with the most restrictive impositions of the lockdown, which, in Italy,
corresponds to the period 10 March—18 May 2020. The same assessments have also been
also conducted for the same period of the year 2019.

2.2.1. Vehicle Traffic Detection

The Emilia-Romagna region, through the Traffic, Logistics and Water Transport Ser-
vice, has a regional network for detecting traffic flows that covers the entire regional
territory through 285 stations installed in the suburban and peri-urban area, on the edge
of the roadway. A total of 265 workstations (underground) are equipped with magnetic
loops inserted in the road pavement, while 16 workstations (above ground) are equipped
with microwave sensors installed on portals or semi-portals. The traffic flows are classified
according to the direction, speed and type of vehicle (through subcategories that character-
ize LDV and HDV). The data are aggregated every 15 min and guarantee coverage for the
whole day.

In this study, nine stations have been selected, distributed around the urban area of the
city of Reggio Emilia, representative of most of the access/exit routes from the city. Their
spatial distribution is shown in Figure 2, while Table 1 describes their main characteristics.

Table 1. Vehicle traffic sampling points.

ID Road Name Type of Sensor

138 State road 0063 Underground

139 Provincial road 467R Underground

140 State road 009 Underground

143 Provincial road 063R Underground

383 State road 722 Underground

452 Provincial road 003 Underground

620 Provincial road 113 Underground

624 Provincial road 023 Underground

638 State road 009 Underground
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2.2.2. Monitoring of the Main Microclimatic Variables

At regional level, the monitoring of the variables characterizing meteorology, clima-
tology, hydrology, agro-meteorology, radar meteorology and environmental meteorology
is entrusted to the Regional Agency for Prevention, Environment and Energy of Emilia-
Romagna (Arpae), through the Hydro-Weather-Climate Service (SIMC). The Arpae SIMC
uses a dense network of measuring instruments made up of fixed monitoring stations,
radars, satellite images and radio soundings. Inside the study area there is an urban station
for detecting the main meteorological variables, as shown in Figure 2 and Table 2.

Table 2. Meteorological station.

ID Station Name Measured Parameters

Met. Meteorological station RE

Temperature (◦C)
Wind speed (m/s)
Wind direction (◦)
Precipitation (mm)
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2.2.3. Monitoring to Assess Air Quality

The monitoring and evaluation of air quality in the regional territory is also entrusted
to Arpae. Continuous monitoring is carried out through a network of air quality monitoring
stations (AQMS) that are distributed throughout the entire regional territory. Each AQMS,
classified according to the indications defined by Directive 2008/50/EC and subsequent
amendments and additions [52], measures specific atmospheric pollutants. The current
regional network consists of 47 AQMSs and five of these are located within the provincial
territory of Reggio Emilia. In considering the pilot area described in this study, two AQMSs
have been selected because they are located within the investigation area (Figure 2 and
Table 3).
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Table 3. Selected AQMSs.

ID Station Name Classification Measured Parameters

S.Laz. “San Lazzaro” Urban background NO, NOx, NO2, O3, PM10, PM2.5

Tim. “Timavo” Urban traffic CO, BTEXs, NO, NOX, NO2, PM10

3. Results and Discussion

With the aim of contextualizing the situation analysed in this paper and providing an
overall assessment of the change in citizens’ movements due to COVID-19, Table 4 reports
the results elaborated by Google [53] with reference to the overall national situation, to the
Emilia-Romagna region and, finally, to the province of Reggio Emilia. The values refer to
the period 1 February—29 May 2020, which represents the study period of this paper.

Table 4. Percentage change in the movement of citizenship compared to some significant sectors [53].

Retail and Recreation Grocery and Pharmacy Parks Transit Stations Workplaces Residential

Italy −65 −36 −51 −64 −49 22

Emilia-Romagna regional area −65 −33 −47 −64 −47 23

Reggio Emilia provincial area −66 −34 −45 −62 −47 23

The results highlight the sharp reduction in citizens’ movements compared to most
of the sectors analysed, with particular significance for retail and recreation and transit
stations (reduction of between −62% and −66%). Grocery and pharmacy, on the other
hand, had fewer reductions (about −34%). Movements in the residential sector increased
by around 22%. No significant differences are highlighted between the three different
territorial areas reported. Parks in Reggio Emilia had a lower drop compared to the national
situation (−45% compared to −51% in Italy).

3.1. Vehicular Traffic Results

The results reported and discussed below provide an assessment of the variation in
vehicular traffic at the nine measuring points located at the main entrance to, and exit
routes from, the urban area of the city of Reggio Emilia.

3.1.1. Average Annual Values for the Period 2015–2020

The first evaluation described refers to the average daily number of transits near
each measuring point. The data, shown in Table 5 and Figure 3, indicate the annual
average of daily transits for the period 2015–2020 (for the year 2020 the data for the period
January–July have been used).

Table 5. Annual average of daily transits for the period 2015–2020.

Measuring Station ID
Average Daily Transits [n. Vehicles/Day] Percentage Difference

2015 2016 2017 2018 2019 2020 * 2020—(Period 2015–2019)

138 11,634 11,976 12,171 12,129 12,175 8138 −48%

139 15,057 15,373 15,736 15,753 15,951 10,719 −45%

140 24,473 24,919 24,703 24,719 24,125 15,957 −54%

143 21,274 22,306 22,650 22,877 23,138 15,715 −43%
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Table 5. Cont.

Measuring Station ID
Average Daily Transits [n. Vehicles/Day] Percentage Difference

2015 2016 2017 2018 2019 2020 * 2020—(Period 2015–2019)

383 n,a, 27,877 29,108 29,638 29,202 20,252 −43%

452 10,126 10,486 10,561 10,837 11,178 7462 −43%

620 6719 6808 7128 7222 7190 4784 −47%

624 10,667 10,694 10,876 10,871 10,812 7153 −51%

638 18,530 18,772 18,565 18,406 18,390 12,711 −46%

* The data for 2020 include the period January–July.
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All the selected measuring stations have a trend that is almost constant during the
period 2015–2019. The changes in average daily transits do not show particularly anoma-
lous situations. Stations “139”, “143” and “452” have values increasing over time, with an
annual growth in the vehicle flows of about 1.46%, 2.13% and 2.51%, respectively. Station
“638” has a continuously decreasing trend (−0.2%). The year 2020, due to the lockdown,
shows a significant reduction in the number of vehicles at each measurement station. The
percentage differences of the year 2020 compared to previous years have values of between
−43% and −54%. The most significant drop was detected in station “140”, which is lo-
cated along “Road 9—Via Emilia”, an extremely busy artery (24,588 vehicles/day in the
period 2015–2019) used as a link between two major cities in the region: Reggio Emilia and
Modena.

3.1.2. Average Weekly Values for the Period February–May 2019 and 2020

Figure 4 shows the trend of the average values of vehicle traffic at each station anal-
ysed. The daily data reported have been aggregated on a weekly basis, to avoid constant
fluctuations in the data trend due to the physiological decline in traffic during public
holidays (every Sunday and any other holidays during the period). Overall, the period 1
February—29 May was divided into 17 weeks. The weekly trend at all the stations appears
similar. During 2019 the flows are similar and almost constant. The main deviation, with a
reduction in traffic flows, is detected during weeks 12 and 13. The reason is attributable
to the Easter holidays (week 12) and to 25 April and 1 May (both in week 13), which are
national public holidays in Italy. The trend of transits at the measuring points during the
year 2020 takes on a further characteristic trend. The first two to three weeks of 2020 have a
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trend that can be superimposed on the year 2019. From week 4, the progressive decrease
in vehicle flows begins, reaching the minimum value at week 7 (first week of lockdown
in Italy), up to week 13. Subsequently, the values of 2020 start to grow again, to return to
week 17 almost similar with the 2019 period.
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The same considerations can also be deduced from the analysis of percentage dif-
ferences (Table 6). Moderately positive values (which indicates higher average values
during 2020 compared to 2019) were recorded in the first three weeks of the observed
period (the values never exceed 5%). The largest differences are found between weeks
7 and 13 (reaching the value of −82% at position “452” during week 9, in the middle of
the lockdown period). Week 9 is the period that shows the greatest differences for all the
surveyed points analysed.

Table 6. Percentage difference of average traffic values between 2019 and 2020 (green: below −25%, yellow: between −25%
and −50%, orange: between −51% and −75%, red: above 75%).

ID

Percentage Difference [%]

Weeks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

138 5 1 1 −6 −12 −38 −72 −80 −80 −76 −78 −70 −73 −46 −34 −23 −11

139 3 0 0 −11 −15 −42 −70 −80 −80 −77 −78 −66 −67 −51 −42 −32 −23

140 −2 −4 −2 −13 −15 −44 −69 −77 −78 −76 −78 −66 −69 −50 −43 −34 −24

143 3 2 1 −10 −14 −41 −69 −79 −81 −77 −78 −65 −67 −49 −41 −32 −24

383 1 −2 0 −13 −15 −44 −66 −76 −76 −74 −71 −58 −43 −42 −44 −36 −28

452 4 1 1 −12 −14 −42 −68 −80 −82 −78 −78 −65 −66 −48 −42 −34 −25

620 1 −1 −1 −14 −18 −45 −67 −78 −81 −77 −77 −63 −62 −49 −43 −35 −28

624 3 1 1 −9 −14 −41 −71 −80 −80 −78 −78 −67 −70 −49 −40 −30 −23

638 2 1 2 −9 −13 −41 −67 −75 −77 −73 −73 −61 −64 −43 −36 −25 −20



Sustainability 2021, 13, 118 9 of 22

3.2. Meteorological Characteristics

Table 7 shows the minimum, average and maximum values of the meteorological
variables measured at the urban station of Reggio Emilia during the study period (February–
May 2019 and 2020). Temperatures have similar values in the two years, with negligible
variations. The maximum wind speeds were higher during 2019 (with a peak of 3.3 m/s)
than observed in 2020. The direction of the winds is similar, with a strong prevalence of
winds from the south, south-east and south-west. Direction and speed are represented by
the wind roses shown in Figure 5. Finally, the cumulated rainfall records a difference in
the maximum values, with more consistent rain events in 2019. Figure 6 highlights this, in
particular for the months of April and May 2019.

Table 7. Main meteorological parameters measured during the study period 2019–2020.

Measured Parameters
2019 2020

Min Mean Max Min Mean Max

Daily temperature (◦C) 1 12 21 2 13 20

Wind speed (m/s) 0.9 1.6 3.3 1.4 1.6 1.9

Wind direction (◦) 67 174 283 73 171 284

Cumulative daily precipitation (mm) 0 3 75 0 1 22
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3.3. Air Quality Results

The air quality results described in this section refer to the analysis of the data collected
by the two AQMSs present in the study area. Table 8 shows the annual average values of
the main air pollutants detected, as well as the percentage difference of the data referring to
the year 2020 compared to the period 2015–2019. From these results it is possible to observe
a general reduction in 2020 of NO2 and PM10 at both AQMSs analysed. CO also decreases.
However, there are increases for O3 and PM2.5, detected only at the “San Lazzaro” station.

Table 8. Annual average of the main air pollutants measured by the selected AQMSs—2015–2020.

ID AQMS NO2 [µg/m3] O3 [µg/m3] CO [mg/m3] PM10 [µg/m3] PM2.5 [µg/m3]

S.Laz. Tim. S.Laz. Tim. S.Laz. Tim. S.Laz. Tim. S.Laz. Tim.

2015 23 40 44 n.a. n.a. 0.6 29 37 21 n.a.

2016 23 39 41 n.a. n.a. 0.5 28 33 19 n.a.

2017 25 42 44 n.a. n.a. 0.6 33 40 23 n.a.

2018 22 35 43 n.a. n.a. 0.5 28 35 20 n.a.

2019 23 34 45 n.a. n.a. 0.5 27 32 18 n.a.

2020 * 17 28 50 n.a. n.a. 0.5 27 31 22 n.a.

Perc. diff. 2020—(2015–2019) −27% −26% +15% n.a. n.a. −7% −7% −12% +9% n.a.

* The data for 2020 include the period January–July.

The representation of the daily average values of the concentrations is shown in
Figure 7a–g, comparing the years 2019 and 2020, while Table 9 shows the minimum,
average and maximum values, the correlations in the data series and the percentage
difference between 2019 and 2020. The percentage difference is also reported for the
specific duration of the lockdown in Italy (10 March—18 May) in order to highlight the
changes in concentrations for that specific period.
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Table 9. Minimum, average and maximum concentrations of the main air pollutants measured by the AQMSs during the
period February–May 2019 and 2020.

NO2 [µg/m3] O3 [µg/m3] CO [mg/m3] PM10 [µg/m3] PM2.5 [µg/m3]

S.Laz. Tim. S.Laz. Tim. S.Laz. Tim. S.Laz. Tim. S.Laz. Tim.

2019
Min 0.7 0.6 0.7 n.a. n.a. 0.2 0.4 0.5 0.6 n.a.

Mean 25 39 45 n.a. n.a. 0.6 26 32 17 n.a.

Max 53 70 76 n.a. n.a. 1.2 89 96 76 n.a.

2020
Min 3 6 3 n.a. n.a. 0.2 7 7 4 n.a.

Mean 16 27 49 n.a. n.a. 0.5 26 31 17 n.a.

Max 43 57 86 n.a. n.a. 1.0 99 99 58 n.a.

Corr.

S.Laz 2019—S.Laz 2020 0.72 0.67 n.a. 0.44 0.58

Tim. 2019—Tim. 2020 0.60 n.a. 0.76 0.51 n.a.

S.Laz 2019—Tim. 2019 0.93 n.a. n.a. 0.96 n.a.

S.Laz 2020—Tim. 2020 0.95 n.a. n.a. 0.95 n.a.

Perc. diff. (%) S.Laz 2019—2020 −41% +13% n.a. +27% +31%

Tim. 2019—2020 −32% n.a. −22% +23% n.a.

Perc. diff. (%)
Only lockdown

period (10
March—18 May)

S.Laz
lockdown compared to 2019 −52% +16% n.a. +43% +46%

Tim.
lockdown compared to 2019 −41% n.a. −25% +37% n.a.

NO2 assumed a generally decreasing trend during the period under investigation,
going from average values of 50 µg/m3 and 35 µg/m3 (respectively for the “Timavo”
and “San Lazzaro” stations) during the first days of February to values of 30 µg/m3 and
18 µg/m3 during the months of April and May. The trends shown in Figure 7a,b show a
general trend towards higher values during 2019 than in 2020. This is also confirmed in the
average and maximum values shown in Table 9, where the year 2020 has lower values. In
the minimum values, 2020 is moderately higher than in 2019. The correlations are close
to the optimal values in the comparison of the 2019–2020 data series. The comparison
between the stations is less satisfactory.

Analysing the percentage differences, NO2 is the only one of the pollutants analysed
that has negative values, identifying a general decline in concentrations during the year
2020 compared to the previous year. Over the entire period analysed, “Timavo” recorded a
general decrease of −32% (−41% during the lockdown) and “San Lazzaro” decreased by
41% (−52% during the lockdown). These results are in line with the recent available bibli-
ography. In particular, [54], studying the situation in western Europe, report a reduction in
NO2 concentrations of around 30%. Similarly, studies by [26,55–57] report reductions of
about 50–60%, 36%, 35% and 25% in Spain, Peru, India and the USA, respectively.

O3 is a pollutant detected only at the “San Lazzaro” station. It assumes an increasing
trend over time (Figure 7c). Being a pollutant with a strong dependence on the seasons,
its values tend to increase going from the cold to the warm period. The daily trend of
the concentration values highlights numerous situations with higher values in 2020 than
in 2019, a superiority that can be identified in Table 9, where the minimum, average and
maximum values are always higher in 2020 than in the previous year. On average, the
concentrations in 2020 are 13% higher than those in 2019 (+16% considering only the
lockdown period). Other authors also report an increase in O3 concentrations: [58] describe
a 17% increase in Europe, [59] one of 30% in Brazil and [60] an increase of 17% in India.

The CO is measured only at the “Timavo” station. Its performance (Figure 7) gradually
decreases from February to May, with a general good correlation between the two years
(0.76). There is a general superiority of the values for 2019, as confirmed also by Table 9.
The percentage difference is −22% during 2020 compared to 2019. This percentage reaches
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−25% if we consider only the duration of the lockdown. Similar results are described
by [61] for Asia (−28%), by [62] for India (−30%) and by [63] for Brazil (−40%).

For PM10, the concentration trends are very similar at the two stations analysed. Both
in “Timavo” and in “San Lazzaro”, the minimum, average and maximum concentrations
for the period are similar. Even between the years 2019 and 2020 the values are not very
different. Only the minimum values change between 2019 (with lower values) and 2020
(with higher values). The correlations in the concentration values detected during the same
year between the two stations are very high (0.96 and 0.95 for 2019 and 2020, respectively).
The correlations between different years (2019 compared to 2020) are much lower (0.44 and
0.51, respectively).

Despite the general trend towards lower concentrations going from February to May,
the percentage differences in concentrations show an overall increase in PM10 concentra-
tions for both stations analysed during 2020, compared to the concentrations measured in
2019. The mean values of percentage differences are 27% and 23% for “San Lazzaro” and
“Timavo”, respectively. Comparing only the lockdown period, the percentage difference
increases, reaching values of 43% and 37%.

Fine particulate matter (PM2.5) is a pollutant measured only at the “San Lazzaro”
station. PM2.5 has very similar daily average trends to PM10 over the entire period, with
an equal average value for both years (17 µg/m3). On the other hand, the minimum
values (0.6 µg/m3 in 2019 and 4 µg/m3 in 2020) and the maximum values (76 µg/m3 in
2019 and 58 µg/m3 in 2020) change. The correlation is 0.58. Analysing the percentage
differences, PM2.5 shows a general increase in values during 2020, with values higher than
those recorded for PM10: +31% for the entire period analysed and +46% considering the
lockdown period only.

While registering a reduction, the particulate matter remains within the variability of
the previous year, with a different trend compared to the trend of gases. It is important
to emphasize that the Emilia-Romagna area was strongly affected by the phenomenon
of a long-term influx of dust from the Caspian Sea during the final days of March 2020,
affecting the concentrations of dust in the whole area.

These results obtained for the particulate matter are in contrast to the indications
provided by the international literature. Indeed, many studies have identified a reduction in
particulate matter concentrations, both of PM10 and PM2.5 [61,64,65]. To better understand
this deviation, scientific studies on the behaviour of particulate matter in northern Italy
during the COVID-19 emergency have been selected. Also, in this case, the results obtained
are conflicting. Ref. [66] studied the specific situation of the city of Brescia, observing how
PM10 concentrations have no significant variations, attributing the cause to a “balance”
between the reduction of emissions due to the decrease in vehicular traffic and a consequent
more intensive use of home heating. Furthermore, this result is justified by the contribution
of the secondary particulate matter (very relevant in the Po Valley) and by the specific
meteorological and climatic conditions that characterize this area.

On the other hand, [67] studied the specific situation of the city of Milan, identifying
a drop in concentrations of PM10 (about −36%) and PM2.5 (about −40%), attributing the
cause to the reduction in vehicular traffic.

Finally, [68] confirm the tendency for particulate matter concentrations to decrease
during the lockdown (about −45% and −47% for PM2.5 and PM10, respectively), but
without providing a comparison with pre-2020 years.

This situation highlights the characteristic complexity of atmospheric PM, which is
strongly influenced by various factors, such as primary emissions, precursor emissions,
weather and climate conditions that influence the transport and dispersion of the PM and
activate photochemical processes for the formation of secondary particulate matter.

To investigate this uncertainty related to atmospheric particulate responses during the
lockdown, additional verification has been conducted in this study. For each provincial
area of the Emilia-Romagna region (a total of nine provinces) an AQMS classified as “urban
traffic” has been selected and the percentage differences in PM10 concentrations have
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been analysed during the period 1 February—31 May 2019 and 2020. Table 10 shows
the stations selected for each province, all in the urban area. Figure 8 shows the average
percentage differences for the period. The data have a general and widespread trend
of higher PM10 concentrations during the reference period 2020 compared to the same
period of the previous year. All the AQMSs analysed have positive percentage differences
between the two periods. The average values of the percentage differences vary between
+8% for the urban area of Parma and +49% for the urban area of Bologna. Finally, Figure 9
shows the temporal trend of the percentage differences, reporting the value referring to the
comparison of the daily average values of PM10. It is interesting to observe how the daily
trends assume a similar trend among all the stations investigated.

Table 10. “Traffic” AQMS selected for each province.

PM10 conc. Values [µg/m3]
Piacenza Parma Reggio Emilia Modena Bologna Ferrara Ravenna Forlì-Cesena Rimini

Giordani Montebello Timavo Giardini De Amicis Isonzo Zalamella Roma Flaminia

2019
Min 4 6 1 6 2 6 6 2 9

Mean 31 29 32 33 21 35 30 26 30

Max 97 95 96 99 60 112 88 85 88

2020
Min 1 5 7 8 2 5 4 3 7

Mean 28 27 31 31 25 30 28 24 30

Max 89 101 99 99 112 107 124 105 140
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Similar analyses are available for the main European cities thanks to the portal devel-
oped by the European Environment Agency [69].

A study, published in ARPAE’s journal, analysed different air quality scenarios
through mathematical models (in particular, the study applied two chemical and transport
models: Ninfa-ER and Farm-PI), reconstructing the scenario with and without lockdown
using the same input data and applying the specific meteorological conditions for spring
2020. The study confirmed that, with similar conditions, the effect of the lockdown on
PM10 concentrations in the Po valley would guarantee a median reduction of 15–30% [70].
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3.4. Road Traffic and Air Quality Results

The graphs shown in Figure 10a–g report the average trend of daily vehicle flows
(aggregated on a weekly scale) and the relative trend of concentrations of atmospheric
pollutants (also reported as the average weekly value). The graphs refer only to the year
2020 and are intended to highlight common trends between the two variables analysed.
In particular, for vehicular traffic, the trend of a single detection station among all those
described in this study is reported. The “140” position has been chosen because it is
characterized by the greatest number of vehicles in circulation. In the results, three specific
conditions can be highlighted:

(1) The reduction of circulating vehicular traffic determines a reduction of polluting
concentrations. This is the situation that characterizes NO2 at both the “Timavo” and
“San Lazzaro” stations and the CO.

(2) The reduction in vehicular traffic does not correspond to a similar behaviour in
pollution concentrations. This is the condition that characterizes the atmospheric
particulate matter reported in the present study. In fact, in the face of the drastic
reduction in the number of vehicles in circulation, there is no analogous reduction in
concentrations, which seems to occur only during the month of May.

(3) A reduction in traffic corresponds to an increase in polluting concentrations. This con-
dition is characteristic of O3, which highlights a progressive increase in concentrations
moving towards the hot season, but reporting a peak especially during the minimum
values of vehicles in circulation. This condition is favoured by the progressive increase
in the intensity and duration of the incident solar radiation, as well as by the reduced
presence of primary pollutants that are precursors of the formation of O3 (e.g., NO).
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values for the period February–May 2020.



Sustainability 2021, 13, 118 17 of 22

Table 11 shows the correlations between the vehicular flows at each measurement
point and the pollutant concentrations measured by the Reggio Emilia AQMS. Weekly
average values have been applied. The correlation index obtained allows to highlight
higher correlation values for NO2 in both AQMS, for CO and, even if it is a negative
correlation, for O3. For these pollutants, the correlations are always higher than 0.59 and
reach the value of 0.79. Particulate matter, on the other hand, is less related to traffic,
especially for PM10.

Table 11. Correlation between road traffic and pollutant concentrations.

Correlation

NO2 O3 CO PM10 PM2.5

S.Laz. Tim. S.Laz. Tim. S.Laz. Tim. S.Laz. Tim. S.Laz. Tim.

138 0.67 0.67 −0.67 n.a. n.a. 0.59 0.31 0.37 0.42 n.a.

139 0.75 0.78 −0.75 n.a. n.a. 0.73 0.37 0.50 0.50 n.a.

140 0.74 0.77 −0.74 n.a. n.a. 0.72 0.37 0.48 0.49 n.a.

143 0.74 0.77 −0.74 n.a. n.a. 0.72 0.36 0.48 0.49 n.a.

383 0.73 0.77 −0.75 n.a. n.a. 0.76 0.34 0.49 0.47 n.a.

452 0.74 0.78 −0.75 n.a. n.a. 0.74 0.37 0.50 0.49 n.a.

620 0.75 0.79 −0.75 n.a. n.a. 0.76 0.37 0.52 0.50 n.a.

624 0.71 0.73 −0.72 n.a. n.a. 0.66 0.35 0.43 0.47 n.a.

638 0.71 0.75 −0.72 n.a. n.a. 0.70 0.35 0.46 0.47 n.a.

3.5. Lessons Learned for Future Land Management Practices

Poor air quality is a global problem that affects particularly heavily populated urban
areas with a high presence of vehicular traffic, as well as industrial areas [71]. Many
policies and strategies are used globally to improve air quality and to reduce the health
effects on the population due to exposure to high quantities of air pollutants. Among
these, the control and reduction of traffic constitutes one of the most widespread practices
and is realized through the updating of vehicle fleets in circulation with less impactful
technologies and green fuels and through the solutions to modulate vehicle flows.

This aspect was deepened in the review prepared by [72], which analyses the traffic
management effects on emissions due to different strategies adopted in urban areas. The
strategies it analyses are classified into operating restrictions and pricing, lane management,
speed management, traffic flow control and trip reduction strategies.

The lockdown offered the opportunity to study a unique scenario, drastically reducing
the circulating traffic and, in fact, applying several of the strategies above in an extreme
and contemporary way. In addition to the transport sector, industrial emissions have also
significantly decreased, while the impact associated with domestic heating has increased
due to the greater time spent by the population in their homes.

In Italy, a widespread practice to reduce pollution in urban areas is represented by
the partial and total temporary blocking of the most impactful circulating vehicles, so as to
allow circulation only for greener vehicles (e.g., mono and bifuel methane-petrol vehicles,
LPG—petrol, electric and hybrid). In Emilia-Romagna, these measures are adopted annu-
ally during the period 1 October—31 March and, at the same time, also involve domestic
heating in addition to vehicular traffic. If the pollutant concentrations (PM10 is used as
a driver in choosing the activation of these emergency measures) exceed the legal limits
for at least three consecutive days, the emergency measures are activated. This reactive
approach helps to reduce concentrations of atmospheric pollutants within regulatory limits.
Figure 11a,b show the results of the activation of emergency measures in the urban area
of Reggio Emilia in two recent periods, immediately preceding the COVID-19 emergency:
15, 16, 17 October and 10, 11, 12 December. The red box indicates the period imposed by
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the local authority to apply the emergency measures. The results reported for the two
periods analysed show an immediate benefit in the reduction of PM10 concentrations,
which determines, in a few days, the end of the emergency measures. Concentrations,
however, immediately tend to rise.
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Therefore, in consideration of the effect observed by the restrictions imposed during
the lockdown period and by observing the specific in-depth analyses presented to justify
the contradictory result obtained for atmospheric PM, the lessons learned that can repre-
sent a contribution for future planning and management of the territory and air quality
improvement are described as follows:

PM: Acting significantly on the reduction of circulating traffic and on the industrial
sector (both responsible in Emilia-Romagna for emissions of about 37% of PM) may not be
sufficient to reduce concentrations without simultaneous interventions in domestic heating
and biomass combustion (which accounts for 51% of PM emissions). In addition, the strong
dependence of PM on other factors that cannot be modified by man (meteorology and
formation of secondary pollutants) makes this pollutant still difficult to manage. With
these conditions, the reduction in overall traffic down to −82%, the reduction in industrial
emissions and the increase in domestic heating have led to an increase in particulate matter
of 27% and 31% (PM10 and PM2.5, respectively). By applying the same conditions to two
alternative scenarios (with and without the lockdown effect), a reduction of PM of up to
30% has been estimated.

Intervening simultaneously in traffic and in domestic heating, on the other hand,
determines an immediate benefit (albeit temporary for the duration of the restrictive
actions), of up to 50%. This is the result observed during the activation of emergency
measures.

NOx: The lockdown highlighted how direct action on traffic and industrial emissions
(overall they contribute 78% of NOx regional emissions) has an immediate beneficial effect
on the concentrations of this pollutant. The observed reduction was 32%. In this case,
heating has a less significant effect (contributing to 8% of emissions).

CO: Has a behaviour similar to NOx, even if the lockdown has favoured a lower
reduction (−22%) due to the higher incidence of domestic heating (41% of total emissions).

O3: As a secondary photochemical pollutant, the increase in temperatures and solar
radiation, and a lower presence of NO in the atmosphere, determine a greater formation.

4. Conclusions

Vehicle traffic is a significant source of air pollutants and therefore affects the air
quality of territories. The spread of COVID-19, countered by the choice of governments to
implement measures restricting citizens’ mobility through the imposition of a lockdown
period, has contributed to reducing the number of vehicles in circulation, promoting a
general improvement in air quality.
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This study focused on the evaluation of the data available for the city of Reggio Emilia
(Italy) to provide an assessment of how and to what extent vehicle flows changed during
the period February–May 2020 compared to the same period of the previous year, as well
as to evaluate the relative change in the concentrations of some main air pollutants (NO2,
CO, O3, PM10 and PM2.5). The results that have been reported and analysed allow the
following main conclusions to be drawn:

(1) The data analysed and distributed by Google showed a significant reduction in urban
travel, with a 66% drop towards destinations classified as “retail and recreation” and
47% towards “workplaces”. These values are similar at national, regional and local
level.

(2) The vehicle flows analysed revealed a significant drop in vehicles in circulation during
2020, even reaching −82% during the lockdown period, compared with the same
period in 2019. Also, compared to a longer period (2015–2019), in 2020 vehicle flows
were always at least 43% lower.

(3) NO2 is the pollutant that, during the investigation period, had a more significant
decline in concentration values compared to the previous year. Overall, the decrease
was 32% in correspondence with the AQMS classified as “traffic” and 41% at the
“urban background” station. By limiting the valuation to the lockdown period,
these values are even more significant: −41% and −52% for the traffic and urban
background station, respectively. CO is the second pollutant to show decreasing
concentrations (−22%).

(4) Atmospheric particulate matter (PM10 and PM2.5) shows a contrary behaviour: the
concentrations in 2020 increase compared to the 2019 period. PM10 has a 27% increase
at the traffic station and a 23% increase at the urban background station, while
PM2.5 has a growth of 31% at the urban background station. If we consider only the
lockdown period, these values increase further. By expanding the analysis to other
provinces of the Emilia-Romagna region, this situation appears to be common to the
entire territory, with greater percentage differences in the urban area of Bologna and
lower ones in the city of Parma.

(5) Also, for O3 there are growing values during 2020. The urban background station
recorded an increase of 13%.

(6) NO2 and CO seem to respond suddenly to the reduction of circulating traffic. The
reduction of moving vehicles corresponds to a reduction in concentrations. This was
not observed in the case of particulates. Finally, O3 has a completely opposite be-
haviour, responding with an increase in concentrations to the reduction of circulating
traffic.

Obviously, the improvement or worsening of polluting concentrations cannot be
attributed only to the variation in circulating traffic, which constitutes one of the many
factors that contribute to determining air quality. These results related to the collapse of
public and private mobility allow to trace some important lessons that may be relevant
for planning and managing mobility even in non-emergency conditions. First of all, a
reduction in the flow of vehicles allows an immediate benefit from the point of view of
air quality due to a lower presence of some pollutants (NO2 in particular), but does not
guarantee the same rapid benefit also for other pollutants. This is a significant aspect that
must be considered both in the planning phase of the interventions and on the methods of
analysis and interpretation of the air quality data. Furthermore, policies aimed at reducing
private mobility are necessary, also by considerably incentivising public transport and/or
alternative and sustainable forms of mobility. To avoid congestion in the level of private
mobility, a strong strengthening of the public sector, shared mobility and all related services
(e.g., the digitization of information and procedures for their use) will be needed, including
a strong action on citizens to change their propensities and skills in using alternative forms
of mobility.

In this study, the representative data of some meteorological variables measured
within the urban area of Reggio Emilia have been reported. Certainly, a deepening of
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the relationship between meteorological conditions and polluting concentrations may
suggest further indications that may justify the percentage differences observed in 2020.
In particular, rainfall, winds, temperature and solar radiation are certainly factors that
significantly influence the development or dispersion of these pollutants.
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