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ltaly has been majorly affected by the COVID-19 pandemic. The government
declared a full lockdown and limited human and commercial activities to keep
the pandemic under control. The limited human activity reduced the spread of
the virus and the cultural noise it created. The effect of the lockdown is detected
by the Italian strong motion network, which covers the entire country with their
stations mostly located in the settlements. To assess the effect of the lockdown,
background noise information up to 1's from 2022 is used as a comparison. It
is found that the background noise levels dropped around 1.46 dB during the
lockdown, with a nationwide reduction in almost all of the stations. Noise levels
have dropped both in the daytime and nighttime during the lockdown, with a
more significant noise drop during the nighttime, which can be linked to the
ban on dining in restaurants and bars and the curfew. A similar trend is found
in weekday and weekend comparisons; in both time ranges, 2022 was noisier
regarding the lockdown period. Stations located in public spaces such as schools
and city halls observed noise reduction of up to 7.99dB, and this noise level
reduction is visible in major cities. We analyzed the 10 most populated Italian
cities and their surroundings and found noise reduction of up to 5.5 and 2.1 dB
in the median.

KEYWORDS

seismic noise, COVID-19 lockdown, anthropogenic seismic noise, seismic monitoring,
seismic network

1 Introduction

The first coronavirus disease 2019 (COVID-19) case was confirmed on 31 January
2020 in northern Italy. Soon after the first case, Italy suffered from the disease
as it became a global pandemic. As of 13th of April 2024, there are more than
26.7 million confirmed cases and around 196,500 deaths due to COVID-19 in Italy
(https://ourworldindata.org/coronavirus, last access: 13th of August 2024). In the early
stages of the COVID-19 pandemic, Italy introduced a full lockdown in the country,
limiting the general publics daily activity and a wide range of industrial activities.
Restrictions included the travel ban between regions, the conversion of educational
activities to remote teaching, the ban of dine-in service in restaurants, the limitation
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of the number of individuals in markets, and citizens were allowed
to move away from their residencies only up to 500 m and so on.
Lockdown started on the ninth of March 2020 (eighth of March in
northern Italy) and ended on the fourth of May 2020.

Due to the above-mentioned limitations, non-essential human-
related activities were mostly reduced. These reductions can be
monitored thanks to the Italian National Accelerometric Network
(RAN). RAN is owned and managed by the Italian Civil Protection
(DPC) (Presidency of Counsil of Ministers -
Civil Protection Department, 1972; Gorini et al, 2010;
Zambonelli et al,, 2011; Costa et al., 2022). The network is the
result of combination of multiple regional networks, namely,

Department

the Friuli Venezia Giulia and Veneto Accelerometric Network
(RAE Rete Accelerometrica Friuli Venezia Giulia e Veneto in
Italian, University of Trieste, 1993; Costa et al., 2010) and Irpinia
Seismic Network (Weber et al, 2007) along with the national
accelerometric  network  (Presidency of Counsil of Ministers -
Civil Protection Department, 1972). Continuous data acquisition
of RAN allowed us to analyze the variations in background noise
in Italian territory. RAN aims to capture the effect of earthquakes
in populated areas by observing the ground motions, and for this
purpose, most of the stations are installed in towns, cities, etc. Hence,
the background noise of the network is enriched by the cultural
activities. This study aims to understand the noise level reduction
that occurred in RAN by analyzing the continuous seismic traces
during the lockdown and year of 2022.

Cultural noise can be seen in the short periods (0.025-1 s,
Cauzzi and Clinton, 2013; D’Alessandro et al., 2021; Anthony et al.,
2022) while at periods shorter than 1 s self-noise of accelerometers
dominates the noise content (Cauzzi and Clinton, 2013). Cultural
noise or anthropogenic noise consists of industrial activities
(Kar and Mohanty, 2006), cars (Ahmad and Tsuji, 2021), trains
(Brenguier et al., 2019) and subways (Green et al., 2017), aircraft
(Zhang et al., 2022), human movement (Kogan et al., 2008) and so
on. During the lockdown period in Italy and other countries that
introduced similar restrictions, reducing the cultural noise lowered
the noise levels in the shorter periods of the background noise.

Lecocq et al. (2020) show the global effect of the lockdown in
many countries. Wang et al. (2021) provides a clear example of
noise reduction during the lockdown in China, where the first case
of COVID-19 was detected. Xiao et al. (2020) compare the noise
level changes during the lockdown in China and Italy and find that
different behaviours of people and different levels of restrictions
play a role in noise level reductions. Noise level reduction in
major cities in Italy is lower than in small towns in northern Italy
(Piccinini et al., 2020). Piccinini et al. (2020) uses 78 seismic stations
mostly located in northern and central Italy. On the other hand,
Cannata et al. (2021) provides a high noise reduction in 18 stations
in southern Italy. Poli et al. (2020) comes with a similar conclusion
by observation from more than 100 for central and northern Italy
high large noise reduction in periods shorter than 1s. Similar
contradicting results are also found in Tokyo, Japan, where Yabe et al.
(2020) find clear noise level reduction, especially when the state of
emergency was declared for the Tokyo metropolitan area, whereas
Hayashida et al. (2023) find insignificant noise reduction for the
city. Noise level reduction is also noticed in other major cities in the
world such as Barcelona, Spain (Diaz et al., 2021), Boston, United
States (Terry et al., 2021), Bucharest, Romania (Grecu et al., 2021),
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TABLE 1 Instruments at the integrated RAN stations used in the study.

Manufacturer Instruments Sensors | No. Stations

Kinemetrics Etna2 EpiSensor 185
Kinemetrics Basalt Obsidian EpiSensor 35
Kinemetrics Etna EpiSensor 16
- Others - 12

and Mexico City, Mexico (Pérez-Campos et al.,, 2021), Shillong,
India (Somala, 2020), and Singapore (Zhao et al., 2022). Previous
studies showed that during the COVID-19 lockdown there was
decrease in noise levels due to the reduction of human-related
activities, and as recorded by both broadband (Poli et al., 2020;
Xiao et al., 2020; Lecocq et al., 2020; Somala, 2020; Dias et al., 2020;
Roy et al., 2021; Grecu et al., 2021; Cannata et al., 2021) and strong
motion (Yabe et al., 2020; Scisto et al., 2021) stations, and fibre
optic cables (Shen and Zhu, 2021).

In this study, we measure the noise level reduction for Italian
territory thanks to the large urban coverage of RAN. In Section 2,
the data used for the analysis is introduced, and in Section 3, the data
processing is explained. Results of the study are given in Section 4,
and the temporal and spatial changes of the background noise are
discussed in Section 5.

2 Data

In this study, 248 RAN stations continuously recorded more
than 90% of both lockdown and year 2022: the instruments installed
at the stations are reported in Table 1. The stations are generally
located in the areas where humans are present (Table 2) because
their main objective is to understand the ground motions that
can potentially cause harm to humans. This comes with a high
background noise in the shorter periods (<1 s) at the seismic stations
due to the cultural sources. As we are interested mostly in the
background noises in the urban environment, short periods are
considered as shorter than 0.5s. Most of the RAN stations are
located near the roads, which increases the high-frequency content
of the noise spectrum (Fornasari et al., 2023). The background noise
levels of the lockdown period are compared with the yearly one from
2022. The choice of using 2022 as a reference is motivated by the
recent conversion of stations to continuous recording (e.g., in 2019,
many stations operated in trigger mode) and the absence of partial
or local lockdown measures in place (as opposed to the remaining
part of 2020 or 2021) that would have affected the analysis on a
national scale.

3 Methods

Noise levels have been studied by computing the power spectral
density (PSD) over the vertical component of the seismic records,
which are then grouped over different time ranges to analyze
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TABLE 2 Land usage at the station locations (Istituto Superiore per la
Protezione e la Ricerca Ambientale, 2022).

Land usage class No. Stations

Settlements 183
Cropland annual 22
Cropland permanent 3
Grassland 16
Forest 19
Other land 5

specific patterns. The method adopted was originally introduced by
McNamara and Buland (2004) as a station status monitoring tool
and subsequently extended to scientific studies (D’Alessandro et al.,
2021; Anthony et al., 2022; Fornasari et al., 2023). The PSDs are
computed over daily recordings taking 90 min windows, with 50%
overlap. The data have been preprocessed by applying a linear
detrend and a Hann window to reduce spectral leakage (Peterson,
1993; Anthony et al, 2022). A minimal required threshold for
the data completeness over each 90 min window is set at 90%
with small data gaps being linearly interpolated. No selection of
the signal is performed to remove transient signals: although the
presence of strong transients (e.g., earthquakes) in the recordings
can skew the median ambient-noise estimates for long periods
(10s-50 s), Anthony etal. (2020) showed that shorter periods, which
are the main target of the study, remain unaffected. The PSD for
each window is obtained by averaging the results obtained using
the Welch’s method (Welch, 1967) over 15 min subwindows with
75% overlap. As shown by Anthony et al. (2020), the relevance
of the window length selection decreases as shorter periods and
noisier stations are considered. The instrument response is then
removed from the resulting PSD, and a one-third-octave average is
computed to optimize the accuracy of the broadband noise source
characterization while maintaining a reasonable spectral resolution.
The parameters used for the computation of the PSD mirror the
ones adopted in Fornasari et al. (2023). The differences between
the median values of each period have been computed to study
the variations in noise levels during the COVID-19 lockdown with
respect to a reference time span (e.g., 2022). Similarly, the day-night
and weekday-weekend variations have been compared for the two
periods considering the differences between the median values of the
variations among the two periods: for this purpose, daytime has been
defined between 08:00 and 18:00 CET, and nighttime as between
20:00 and 07:00 CET; weekdays and weekends are between Monday
through Friday and Saturday through Sunday, respectively.

4 Results

Overall background noise level of RAN stations for 2022
(Figure 1) are in between the Italian accelerometric low-
noise (IALNM) and high-noise (IAHNM) models defined by
Fornasari et al. (2023). Stations with high noise levels were located
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in Po Valley (Supplementary Figure S2), the city of Naples and its
surroundings, Sicily Island, and the Puglia region.

Temporal variations of arbitrarily picked stations during the
COVID-19 lockdown and 2022 can be seen in Figure 2 for 0.1 s. As
in Figure 2, background noise levels show clear variation between
day and night. Stations also show variance between weekdays and
weekends (e.g., BRB) and national holidays such as Easter (12th of
April 2020 and 17th of April 2022 in this study) and mid-August
day (on 15th of August), which can affect the background noise
level in the following days to weeks. In Italy, the 15th of August is
a national holiday when most of the Italian private sector workers
take annual leave (Supplementary Figure S3).

To see the effects of the COVID-19 lockdown, the general
difference between the lockdown and 2022 (Figure 3) along with the
day-night (Figure 4) and weekday-weekend (Figure 5) differences
are calculated. Stations of RAN network are quieter, in median,
1.96, 0.56, 0.21, and 0.12 dB for 0.1, 0.25, 0.5, and 1.0 s, respectively
(Figure 3). Among those periods, there are several outliers with a
big difference between the COVID-19 lockdown and 2022, which
are given in Table 3. In 2022, 224, 206, 194, and 171 stations were
noisier in 0.1, 0.25, 0.5, and 1.0 s with respect to their lockdown
noise levels, respectively. A similar trend can be seen in the daytime
and nighttime differences (Figures 3, 4). Stations were quieter during
the daytime in lockdown with 2.16, 0.86, 0.27, and 0.12 dB for 0.1,
0.25,0.5,and 1.0 s, respectively, and during the night 1.28,0.21, 0.14,
and 0.13 dB for 0.1, 0.25, 0.5, and 1.0 s, respectively, were quieter.
During the day 221, 217, 198, and 170 stations for 0.1 s, 0.25, 0.5, and
1.0 s, respectively, were noisier in 2022 and during night number are
dropped to 208, 190, 186, and 167 stations but the similar trend is
preserved.

In the weekday-weekend comparison, a similar trend can be seen
(Figure 5; Supplementary Figure S5). Stations were quieter during
the weekday in lockdown with 1.91, 0.64, 0.23, and 0.10 dB for
0.1, 0.25, 0.5, and 1.0 s, respectively, and during the weekend 2.73,
0.58, 0.23, and 0.19dB for 0.1, 0.25, 0.5, and 1.0s, respectively,
were quieter. In 2022, 226, 215, 195, and 160 stations were noisier
during the weekdays and 234, 208, 195, and 183 were noisier
during the weekends in 0.1, 0.25, 0.5, and 1.0's, respectively. In
the next section, possible explanations of the results are discussed.
Case studies are selected to explain the results, and previous
studies are compared with our results to see similarities and
differences.

5 Discussion

Human-related activities affect RAN stations significantly since
several of them are located inside or near public buildings. These
activities were significantly reduced during the lockdown period
of the COVID-19 pandemic since individuals were only allowed
to move within 500 m from their homes, and only essential
workers were exempt from the distance restrictions. Many public
institutes worked remotely in most of their units, reducing human
activity in public buildings. Moreover, only essential workers (e.g.,
healthcare sector, law enforcement, and agricultural sector) and
workplaces were allowed to continue their operations. This led
to the reduction in noise levels shown in Figure 3. In the 0.1s,
there is almost a 2 dB noise reduction between the median noise
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FIGURE 1

Median noise levels of RAN in (A) 2022 and (B) lockdown period for 0.1 s. Periods of 0.255s, 0.5s, and 1.0 s are given in Supplementary Figure S1 for the
same set of stations. Colorbar limits are defined by the model of Fornasari et al. (2023). This and the following maps are created by using map tiles by

CartoDB, under CC BY 3.0. Data by OpenStreetMap, under ODbL.

levels of the lockdown and no - lockdown time periods at the
stations (Figure 3A) with maximum changes exceeding 6.7 dB.
Furthermore, the contribution of anthropogenic noises is decreasing
with increasing periods. Hence, the noise difference between 2022
and the lockdown period is relatively low (Figure3). In the
Central Apennines, there are numerous stations whose noise levels
between 0.25s and 1s have not been affected by the lockdown
(Figures 3B-D; Figure 6).

The change between daytime and nighttime are visible in short
periods (Figure 4). Changes in the daytime are more significant
than those in the nighttime between the lockdown and no-
lockdown period, which is more visible in the Apennines. All
stations are noisier during both daytime and nighttime with
respect to their lockdown counterparts in periods shorter than
0.5s, whereas in periods of 0.5s and 1.0s, stations in the
Central Apennines (Supplementary Figure S2) have similar power
change in both daytime and nighttime (Supplementary Figure 54).
The reduction in the daytime noise levels during the COVID-
19 lockdown is compatible with the limitations imposed on
movement and activities. Most of the closed commercial and public
activities are held during the day, creating cultural noise from
people and machinery that enriches the spectrum’s short periods.
At night, cultural noise is mostly dominated by leisure-related
activities (e.g., catering and social gatherings). As expected, the
halt of these activities caused a drastic noise level reduction, but
the median noise level change at nighttime is lower than the
daytime change.

The temporal distributions of weekday and weekend differences
are similar to the day and night difference distribution. However,
there is a major difference; the background noise level reduction at
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weekends is larger for all periods of interest in various stations. This
can be because during the lockdown period, essential workers and
industries were still operational and created cultural noise, whereas,
on weekends, everyone was at their homes due to the restrictions.
The general assumption for the weekends is the absence of the
cultural noise created by leisure-related activities. This leads to a
larger background noise difference between the weekends of 2022
and lockdown. Supplementary FigureS6, S7 show that weekdays
of 2022 and weekdays of the lockdown period are noisier than
weekends, but in the lockdown period, weekday and weekend
difference is larger than the 2022 weekday and weekend difference.

Some of the RAN stations experienced larger noise level
reduction than the others during the COVID-19 lockdown
(Table 3). At short periods (<1.0s), 231 stations have noise
reduction, whereas only 17 stations have noise increase during the
same period. For those stations, location and their surroundings
may affect their noise level changes. MLF is in a city hall building,
SLOB is inside a public library, next to a hotel, and SPS is in a rather
small town, next to a regional road and a railway. Furthermore, the
town has a considerable number of hotels for its size. The reduced
number of cars and hotel visitors may have caused noise reduction.
The railroad may still be active, but the trains passing through the
town may be reduced since the railroad serves more tourist trains.
All of them are in populated areas, and noise reduction during
the lockdown is expected. On the other hand, stations with noise
levels increased during the lockdown show unexpected results. OPI
is located next to a small town in Central Italy. The only noise
source would be the road and the football pitch next to the station.
In theory, noise from both of these sources should be reduced.
Indeed, the noise levels are reduced during the lockdown up to
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FIGURE 2
Temporal change of the background noise in 0.1 s for 15 stations from RAN. Periods of 0.25, 0.5, and 1.0 s are given in Supplementary Figure S3 for the

same set of stations.

0.085 s around 1 dB, but the noise levels significantly increase in  the outskirts of the city (Supplementary Figure S1). Noise reduction
longer periods. The RCU station is located in the engineering faculty ~ is expected during the lockdown since the schools and universities
building of Mediterranea University of Reggio Calabria, whichison ~ have moved to remote teaching. GEPF station is located in
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North-East Italy in a town. The only possible explanation for the
increase in noise level is the increase in inhabitants in the town
since many people moved to their summer or family houses during
the lockdown to carry out their work. BRB and VALS are located
next to roads away from towns. Furthermore, VALS is located at the
regional border. The increase in noise level, even though very low,
was unexpected for those stations.

Moreover, we consider the 10 most populated provinces to
analyze the noise level change. Milan, the most populated province
in Italy, has no RAN stations, but in other 9 provinces, there are
34 stations (Supplementary Figure S8). Stations in the big provinces
have a common trend of decreasing background noise during the
lockdown (Table 4). After the declaration of the lockdown, many
people moved to their hometown town, creating a flux of people
moving to southern Italy (Angela and Lorenzo, 2020). However,
stations in major southern Italian provinces such as Naples, Catania,
and Palermo also show a clear trend of decreasing noise levels.

In those 9 provinces, median noise reductions are 1.68, 2.74,
3.47, 3.01, 2.93, 0.87, 2.1, 0.26, and 1.74 dB for Bari, Bergamo,
Brescia, Catania, Naples, Palermo, Rome, Salerno, and Turin,
respectively. Brescia, which is located in the Lombardy region (in
Northern Italy), where the COVID-19 pandemic has had the biggest
impact since the beginning of the pandemic, has the highest noise
reduction among those provinces. This may have led to the strictest
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enforcement of the lockdown actions, hence reducing the noise
levels. Even though other studies do not show a sharp reduction
of noise levels in terms of percentage with respect to the non-
lockdown period (e.g., Piccinini et al., 2020; Xiao et al., 2020),
the background noise is reduced in Brescia and Torino in RAN
stations. In Central and Southern Italy, provinces have different
reduction trends. Naples and Salerno are neighbouring provinces
in the Campania region. None of the stations in Salerno province
is in the city’s centre but in nearby villages. Hence, these stations
are not included in Figure 7 In Naples, on the other hand, only the
CML station is located on Ischia Island, whereas all other stations
are located in densely populated districts of Naples. Even though
CML is located in a small town similar to stations in Salerno, Ischia
Island is a very touristy place. The noise reduction in CML can
be linked to the reduction of touristic activities. Other stations in
Naples show the effect of the lockdown in background noise. In
Southern Italy, the provinces of Palermo and Catania are located on
Sicily Island. In Palermo, only the PLR station is in the city centre,
whereas in Catania, all the stations except CDI1 are either in the city
centre or relatively big towns. Furthermore, BNT and CAT stations
are located inside industrial zones, and CAT is also close to the
Catania Airport.

Several assumptions have been made in the study, and the results
are interpreted under those assumptions. The first assumption is

frontiersin.org
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TABLE 3 Stations with largest power change for 0.1, 0.25, 0.5, 1.0 s, and overall periods.

Period (s)
‘ 0.1 0.25 0.5 1.0 All
Station | Difference Station Difference Station Difference Station Difference| Station
(|db]) (|db) (ldb)) (Idb))

PTE 10.57 sco 5.41 CLG1 3.79 RMVT 11.42 MLF 6.46

MLF 10.08 CLG1 5.15 NCIA 3.72 SLD 3.97 VBM 6.10
I;)"zi;ier in SPS 9.58 SLOB 498 BOJ 344 NCO 3.89 SLOB 5.53

CTRL 8.19 ARR 463 PSC 3.37 PSC 3.17 SPS 5.29

SNA 7.24 LMZ 444 RMVT 3.27 POZS 2.95 DSG 5.22

POZS 7.00 VRCL 2.16 OFPI 495 OPI 7.88 RCU 2.30

TART 3.15 VALS 2.08 LDP 4.90 LDP 7.15 GEPF 1.63
E:E;er:;l BOR 2.69 OFPI 1.99 SVN 3.16 RCU 3.02 LDP 1.50

BRB 1.10 SLD 1.98 RCU 2.73 BRB 2.38 MOGG | 1.01

CARC 0.86 LTSN 172 GEPE 2.25 GEPE 2.34 VALS 0.50
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FIGURE 6

Stations with minimal or maximum noise level differences between the COVID-19 lockdown and the 2022 for the periods 0.1-1 s: stations with
minimal differences (<0.5 dB) are shown with purple circles; stations with maximum differences are shown with yellow or white diamonds if noisier
during 2022 or lockdown, respectively. The basemap shows the density of the population for a regular grid (ISTAT).

that human behaviour at any given time has not changed between
the lockdown and 2022. This is an important factor as we assume
all the differences between the two time spans directly relate to the
lockdown measures. This could be better understood with auxiliary
data such as mobile phone usage on the selected time spans, but
we have not got access to such data for the year of 2022. Secondly,
we assume that the noise patterns around the stations are the same.
For instance, if any new low-period noise source is added next to a
station during 2022, it would increase the overall noise level for that
year, eventually creating an unrealistically high noise level difference
between the select time spans. However, to understand such new
sources, a detailed spatial analysis of land usage and commercial and
human establishment must be conducted station-wise. The study’s
scope is to use RAN stations to provide a country-wide analysis
of the noise level chances during the lockdown period. The above-
mentioned individual changes may occur locally, but they should not
change the overall trend.

Thanks to the drop in background noise level, the RAN network’s
capability of earthquake detection may improve during the COVID-
19 lockdown. For instance, the PTF station, which is located in
central Italy, east of the Apennines, can hardly detect magnitudes up
to 2.5 according to the corner frequency estimation developed by
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Brune (1970) in 2022 (Figure 8). In contrast, during the COVID-19
lockdown, it could detect earthquakes with magnitudes between 1.5
and 2.5 up to 5 km. Since the RAN network aims to determine the
earthquakes that may cause harm to infrastructure and the public,
such low magnitude is not really in the networK’s interest. However,
from a scientific point of view, during the lockdown period, the
microseismicity of the Italian territory could be monitored with
more precision as the accelerometric stations could also detect low-
magnitude earthquakes.

As mentioned in the Introduction, various studies have been
conducted in Italy to understand the background noise level changes
during the COVID-19 lockdown. Piccinini et al. (2020) used 78
seismic stations from Northern and Central Italy and analyzed the
periods between 0.2 and 0.05 s. Their study found that noise levels
dropped significantly in areas with minimal human activity, whereas
in the populated cities and their surroundings, the level reduction
was minimal. One of the examples in the study is the FIR station
located in the city of Florence. There are 3 RAN stations located in
the same city, which are FIR, FRZN, and FIE, but only the latter (i.e.,
FIE, latitude: 43.807, longitude: 11.294) was in continuous recording
mode during the lockdown period. In agreement with Piccinini et al.
(2020) noise levels are decreased only 0.56 dB, 0.05 dB, 0.09 dB, and
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TABLE 4 Background noise level changes in stations located in top 9 most populated Italian provinces.

Province Station Latitude Longitude Power change (db) Population (million)
Bari MODG 41.109 16.766 1.68 1.22
Bergamo BGMO 45.693 9.690 2.74 1.10
BRSA 45.553 10.226 347
BNO 45.948 10.290 041
Brescia DSG 45.459 10.558 522 1.25
MLBT 45.632 10.099 1.14
SLOB 45.604 10.517 553
CAT 37.447 15.046 4.08
PTR 37.562 14.908 2.06
CLG1 37.221 14.518 3.73
Catania 1.07
BNT 37.781 14.845 241
cpIl 37.503 14.647 ~0.44
SVN 37.683 15.130 3.60
BAN 40.814 14.165 3.97
CML 40.747 13.901 3.52
Napoli POZS 40.829 14.130 0.83 2.97
BCLI 40.797 14.078 234
MPCD 40.794 14.055 1.54
TES 38.142 13.089 0.16
CTU 37.823 13.890 0.90
Palermo CFL 38.037 14.023 0.38 1.20
PNA 37.997 13.287 0.87
PLR 38.151 13.343 3.07
RMMM 41.923 12.453 2.10
Roma RMVT 41.956 12.486 3.24 4.22
SBC 41913 13.106 0.14
SNZ 40.243 15.550 047
BCN 40.634 15.382 0.26
SAR 40.075 15.652 0.26
Salerno 1.06
SLC1 40.395 15.596 277
LVN1 40.784 15.305 0.12
CLM 40.436 15.383 1.32
Torino TNO 45.101 7.634 1.74 220
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Noise level change between the COVID-19 lockdown and 2022 at the stations located in top 9 most populated Italian provinces.
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FIGURE 8

Noise level change at PTF station between the lockdown period and
2022. Blue dashed lines represent the corner frequencies of various
earthquake magnitudes over distances calculated by Brune (1970)and
red dashed lines are the Italian background noise levels for
accelerometric network determined by Fornasari et al. (2023).

0.08 dB for 0.1, 0.25, 0.5, and 1.0s, respectively. However, many
other major cities in Central Italy had significant noise level changes.
The study of Piccinini et al. (2020) may show some specific cities with
minimal noise reduction, but our results contradict theirs. Moreover,
RAN stations in Northern Italian cities such as Bergamo and Brescia
have significant noise level reduction during the lockdown period.
In the same study, DOSS station (latitude: 45.881, longitude: 11.188),
located at the border between the Veneto and Trentino-South
Tyrol regions, is given as an example of a significant noise level
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drop. During the lockdown, commuting between regions was only
permitted for essential workers (the closest provincial road is almost
400 m away) and ski resorts were shut down, which are most likely
noise sources for the DOSS station. Even though it is true in relative
terms, since the station is not noisy initially, the noise level drop
is insignificant. VALS station is located between the same regions,
and it is close to a provincial road where noise levels were increased
during the lockdown with 0.60, 2.08, 1.92, and 0.39 dB for 0.1, 0.25,
0.5, and 1.0 s, respectively. On the other hand, several stations had
minimal noise level change (<0.5 dB): in Figure 6 it is noticeable how
the majority of these stations (shown with a purple circle) are located
in areas with low density of population.

Poli et al. (2020) stations located in major cities such as Milan
(there is no RAN station in the city) show significant noise level
reduction, whereas, at other stations, such as FIR, the noise level
change is not noticeable, which is in agreement with the study of
Piccinini et al. (2020). As shown in Figure 7, at most stations in the
proximity of major cities a noise level reduction during the lockdown
is noticeable. The decrease of the noise levels is also comparable with
Poli et al. (2020) as both our and their study find noise level drops up
to 10 dB during the lockdown period. Even though Poli et al. (2020)
uses the data from 2019 to compare with the lockdown, noise level
changes are comparable with our study, which indicates that in 2022,
background noise levels may go back to the pre-lockdown level.

A study of Xiao et al. (2020) found average noise reduction
in single stations located in the cities of Florence, Milan, Naples,
Rome, and Turin between 1dB and 6 dB, which is in agreement
with our study. Cannata et al. (2021) focused on the eastern part
of Sicily island by observing the noise level reduction in 18 seismic
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stations between 0.1 s and 0.025 s. They used mobility data collected
by Google, Apple and Facebook to correlate the human mobility data
with noise reduction. They found noise reduction up to 60% in some
stations in very short periods (<0.1s), which is in agreement with
our stations located in Catania. Cannata et al. (2021) also found that
other stations located nearby Mt. Etna (Supplementary Figure S2)
were slightly noisier during the lockdown period due to the volcanic
activity, which enriched the periods between 2 and 0.18s (e.g.,
Cannata et al.,, 2010). Indeed, a similar trend can be seen in RAN
stations of SVN (latitude: 37.683, longitude: 15.130), CDI1 (latitude:
37.503, longitude: 14.647), and BNT (latitude: 37.781, longitude:
14.845) that surround Mt Etna (Figure 7). Even though SVN and
BNT are noisier in 2022, their noise level changes are relatively low
due to the contribution of the seismic activity in Mt Etna, whereas
CDI1, located in an uninhabited area, is the only station in the
surroundings of one of the 10 most populated cities having higher
noise level during lockdown.

6 Conclusion

In this study, we analyze the change in short-period background
noise characteristics of RAN by comparing the COVID-19 lockdown
period and the year of 2022.248 stations that are mostly located in
populated areas are used to determine the effect of the lockdown.
In this way, it is unique since the stations allow us to understand the
effect of the reduction of human-related activities on the settlements in
terms of seismic noise levels in Italy, where the COVID-19 pandemic
had significant results with almost 200,000 casualties. It was found
that restrictions regarding human activities caused a reduction of
background noise during the lockdown. This effect can be seen in
almost every part of the Italian territory, and the median noise level
decreaseis 1.46 dB, and it can reach more than 4 dB. In shorter periods,
such as 0.1's, where the cultural activities are more dominant, the
noise reduction was even higher and reached more than 7 dB. Noise
reduction also occurred during specific time ranges. Both daytime and
nighttime during the lockdown were quieter with respect to their 2022
counterparts; the same trend can be seen on weekdays and weekends.
RAN stationslocated in public places such as schools and city halls have
large noise drops due to the conversion to remote working for many
public institutes. Several stations were noisier during the lockdown,
but no clear pattern was found to justify their unusual behaviour. In the
most populated cities, noise level drops were also significant, except
for various stations in Catania close to Mt. Etna, whose activity during
the lockdown period enriched the background noise around 1 s. The
reduction of background noise increased the opportunity to detect
lower magnitude earthquakes: future microseismicity studies may
benefit from the data collected during the lockdown by RAN stations.
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