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Abstract. Italian strong motion network monitors the seismic activity of Italy and its surrounding with more than 700 stations.
Thanks to the upgrade of the stations with continuous data acquisition, it is possible to measure the noise level of the strong
motion network. In this study, we used the recerded-background noise to estimate the variations in the noise levels of the
network. Data recorded in 2049-and—+tst-of January-to-30th-of Apri-2622-2019 and in the first quarter of 2022 are used to
understand the noise level of the stations and data from the COVID-19 lockdown period are used to see-study the effect of the
anthropogenic sources on the background noise. To do that, power spectrum density is calculated for the continuous stations. It
is found that more than half of the stations exceed the background noise model designed for strong motion stations by Cauzzi
and Clinton (2013) in at least one of the calculated periods. Considering the characteristics of the instrumentation at the stations
and their deployment often near urban areas, we focused on relatively short periods (<5s), interested-by-anthropic-as they are
affected by anthropogenic noises. Stations can be noisier during the day, up to 14 decibels and during the weekday, up to 5
decibels in short periods. Noise level differences between day - night decrease with an increasing period as the human-related
high - frequency effects of humans are attenuated. As expected, the noisiest stations are located in densely populated areas
such as the center of Naples, whereas the quietest stations are located far away from cities. The swell, sea, and wind effects, on
the other hand, are not observed in-at RAN stations. During the COVID-19 lockdown, noise levels dropped to-by 6.5 decibels
in the daytime and 12.5 decibels on weekdays. Noise levels are reduced by around 2 decibels in 0.1s, in which cultural noise is

predominant. Furthermore, we found that the vehicles have measurable-significant effects on noise levels.

1 Introduction

Seismic stations record the vibration of the ground that is given by the superposition of multiple sources. The definition of seis-
mic noise varies based on the target of each specific study. Since most of the seismic networks are ereated-established to detect
seismic events (i.e., earthquakes, volcanic activities, quarry blasts, ntetear-explosions-and-so-en;-and nuclear explosions) all
other vibrations are eonsideredreferred to as (ambient) noise. On the other hand, neise-can-be-used-ambient noise itself has been
object of specific studies (e.g., for the characterization of layers of the earth (Shapiro et al., 2005), Moon (Larose et al., 2005)
. .and Mars (Schimmel et al., 2021)). Noises can also be sub-categorized based on their source such as; i) seismic recorder
(Ringler and Hutt, 2010), ii) temperature changes {Peedyetal;2648)(Stutzmann et al., 2000; Doody et al., 2018), iii) ocean
&-and sea waves (Webb, 1998; McNamara and Buland, 2004; Bonnefoy-Claudet et al., 2006; Cauzzi and Clinton, 2013;

D’ Alessandro et al., 2021; Anthony et al., 2022), iv) gravity-gradient noise (Harms et al., 2009), v) wind (Mucciarelli et al.,
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2005; Bonnefoy-Claudet et al., 2006; D’ Alessandro et al., 2021; Anthony et al., 2022), v)-anthrepie-vi) human activities (Mc-
Namara and Buland, 2004; Bonnefoy-Claudet et al., 2006; Cauzzi and Clinton, 2013; Vassallo et al., 2019; D’ Alessandro et al.,
2021; Anthony et al., 2022) (Figure 1). This work is focused on the study of the background seismic noise levels.

The level of noise affects the quality of the seismic signals, hence the ability to detect seismic events. To be able to monitor
the seismic sources, seismic networks need-to-haverequire knowledge about the noise content of the networks. To characterize
the noise at a given station, the frequency content of the noise is calculated via power spectrum density (PSD). The above-
mentioned noise sources can be seen in different frequency bands of the PSD (D’ Alessandro et al., 2021). Various models are
have been created to interpret the noise levels. The model of Peterson (1993) is widely used to define the lower and-upper
i i (New Low Noise Model, NLNM) and high-upper (New High
Noise Model, NHNM) levels-of-noise-meodels-are-bounds of the recorded noise as a baseline, developed using a worldwide

catalogue from a wide variety of seismic stations. Cauzzi and Clinton (2013) developed the accelerometer low-noise (ALNM)

and high-noise (AHNM) models using accelerometric data from the Swiss Seismological Service (Clinton et al., 2011) and
very broad-band along with accelerometric data from Southern California Seismic Network (California Institute of Technology
and United States Geological Survey Pasadena, 1926). The AELNM-AHNM is computed as the lower boundary of 5-percentile
PSD amplitudes observed on rock sites while the AHNM-ALNM is computed as a particular combination of accelerometric
sensors with a given gain and response with dataloggers. In ALNM, instrument and data logger noise are dominant at all
frequencies, whereas in AHNM, urban noise, microseismic activities, and data logger systems dominate the short periods,
mid-range periods, and long periods, respectively. This model is widely used as the baseline model for strong motion sensors
(Ringler et al., 2015, 2020).

Toreduce-therecorded-noise;Even though to optimize the quality of the recordings seismic stations should be installed away

from anthrepegenic-noises-sueh-as-any source of noise (e.g., roads, major cities,

D

m%%&%&%%ﬂ%@%ﬁ%m the selection of the %p&malllee&t}eﬂ%—eveﬁ%heﬁgh

damages-occurring-during seismic-events—"optimal” location to install a seismic station weights multiple parameters dependin
on the purpose of the specific network. The National Accelerometric Network (RAN), owned and managed by the Italian Civil

Protection Department (DPC) ope

&ahat%Gem&eFal—Z@%O—Ges&&e&al—Z@%%} Presidency of Counsil of Ministers - Civil Protection Department , 1972; Gorini et al., 2010;

kAlsAAeAsLaAbAhAsAhAegNto monitor strong motions at a national level. The integrated RAN is the result-of-cooperation-between-the
arscombination of RAN with the

following networks; 1) the Friuli Venezia Giulia Accelerometric Network (RAF, Rete Accelerometrica Friuli Venezia Giulia in

Monitoring of Environmental Risk Society (AMRA). Thereinafter, RAN will refer to the integrated RAN.
In this paper, we focus on the background noise in RAN aceelerometricnetwork—to-do—that—we-analyze-by analyzing
the data coming from 528-532 continuous stations between 2019 and 2022. To see-the-effect-of-the-COVID-19-pandemie;
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installation near urban areas (see Table 1) in free- eld conditions, with instruments placed on an isolated pillar anchored on
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January - 30 April 2022) are used to study the post-lockdown noise level and, thanks to the great increase in the number of
continuous stations, provide better coverage of the Italian territory.

Thereinafter the combined data from 2019 and 2022 will be referred to as non-lockdown data, as opposed to the data from 9
March - 4 May 2020 which will be addressed as lockdown data. The location and data availability for each station is presented
in Figure 2.

3 Method

The method introduced by McNamara and Buland (2004) represents the de facto standard for the evaluation of PSDs. This
method was originally developed as a tool for monitoring the status of seismic stations: as such, the original parameters used
for the computation of the PSDs and the use of smoothing and averaging provide a way to reduce the storage and computatiot
costs involved, but can be limiting when the method is extended to scienti c uses, as shown by Anthony et al. (2020).

The method implemented to compute the PSDs partially mirrors the one by Anthony et al. (2022), which in turn is an adap-
tation of McNamara and Buland (2004). Each daily recording is divided96tmin windows with 50 % overlap, each one
subsequently divided intb5 min subwindows with75 % overlap: as pointed out by Anthony et al. (2020), the window length
becomes less relevant for higher frequencies and noisier stations, which are the conditions of the present study. Data complete

formed a one-third octave average over the PSDs: the averaging bandwidth can be assumed as a reasonable trade-off betwe
the obtained spectral resolution and the accuracy in the broadband noise sources characterization in each band. The paramete
used for the evaluation of the PSDs in our study, along with the ones

18:00) and night (20:00 - 07:00) and between weekday (Monday - Friday) and weekend (Saturday - Sunday). Similarly,
the variations between summer and winter are analysed to check seasonal variations of the noise levels. To study season:
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difference of the medians of each group.

4 Results

afterwardgseeFigure1). The overallbackgrounchoiselevelsfor all

wise median of the PSDs for each station is computed and interpreted as the representative noise letrtRSihEpetwork

RAN is a strong motion network, we are mainly interested in periods lessithafnthropogenic sources can have a major

Censideringhe datafrom-2019and2022areusedwe We alsostudied the changes in the noise levels between weekdays and

in humanactivities during the weekendsMedian changegetweenweekdaysand weekendsare smallerwith respecto the
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5 Discussion

The effect ofthe-human activity on noise levels can be seen by comparing daytime noise to nighttime noise, for which
the-human activity isassumede-bereduced. As seen in Figure 6, the majority of the stations are noisier during the day for
periods less thafh s The noise difference between day and night decreases with increasing periods, but the nationwide trend
of days being noisier is valid fd:1 s 0:255 and0:5s. The same pattern can be seen in broadband stations located in Italy
(D'Alessandro et al., 2021).

of-were noisier with respect to weekends in almost all stati@ependingon-the-settlement'scharacteristicsnoiselevel

Nan n-Aave ageo m v esopn-theweekend on a adin a emenivhereon-theweekendadum

distaned henoiselevel changesreconsistenwith the changegn weekly humanactivities.

In the medium range periods, there are multiple noise sources that have been identi ed by previous studies (Figure 1).
Cauzzi and Clinton (2013) stretches the cultural noise upgahereas D'Alessandro et al. (2021) indicates that wind and
swell related noises are dominant betwéesio 10 s Consequently, variations in the noise sourcezsmand5 scan be found
by analyzing the daily, weekly and seasonal changes.
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Day and night differences follow the trend that is seen in shorter periods in most of the network. Howé\sthénday

In Figure 4, there are some areas that follow the pattern found by D'Alessandro et al. (2021), such as in Naples, noise
levels are higher than in the stations that are East of Naples inlarics dmly the stations in Naples are in agreement with
D'Alessandro et al. (2021) and in our study noise levels are much higher in other parts of Italy. The same trend can be seen in
longer periods¥ 5 9). There are numerous stations located in the Po valley with high noise levels even though they are far away
from the sea, and several stations located in the Alps in North West Itadyl iy we have noisy stations in Po valley, Puglia,
and the eastern part of Sicily, where our stations are noisier than the ones analyzed in D'Alessandro et al. (2021). However,
in short periods our results are in agreement with the study of D'Alessandro et al. (2021) in other partsigftadyp-made
We canconcludethathuman-made activities dominate the lparieeperiods of thereisesnoisecontent and high noise levels

human activity can be seen in Figure 6 in which almost all stations have lower noise levels at night with respect to their daytime
counterparts.



5.1 COVID-19 Lockdown

Previous studies showed that during the COVID-19 lockdown there was decrease in noise levels due to the reduction of human-
260 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; ukasz

265 noiselevelsof numerousseismicstationsall aroundthe globereducedup 50 %during COVID-19 lockdownwith respect

270 HumanaetivitywasTheseactivitieswere reduced during the lockdown period of the COVID-19 pandemic, since individuals

275 lockdown and no - lockdown time periods at the stations (Figure 9a). The difference has the lowest reductibatithe
noise levels are higher during this period with respect to AHNM (Figure 4). In Apennines there are nugtetieag-which

280 lockdown period is on average quieter during daytime thar2@1€- 2022 with an average noise level reductionlo® dB.
The change between daytime and nighttime are visible especially on shorter perb8s, (Figure 10a,c,e). Changes in
the daytime are more signi cant than the changes in the nighttime between the lockdown and no-lockdown tifretspan.

horterperiod bothmere ionsarenes ierduringthe davtimein-theno—leckdewnperiodandthe pewerchanads-almost

ifferenee:All stations are noisier both during the daytime and

285 nighttime in periods shorter thah5 s, whereas, in periods dfsand2s stations infhethe Apennines have similar power
change in both daytime and nighttime. There is a clear trend of noisier daygtrdnight in Southern Italy ir2 sand it can be
partially traced irb s Even though numerous stations have relatively high noise levéls (Rigure 4e), there is no particular
pattern in this period with respect to other parts of Italy.

5.2 Case Study: Stationsecated| ocatedin Trieste
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that the nearbysurroundingof a stationcanhaveon its noiselevel we consideredwo RAF

13:80130stationsare partof- the RAF-netwerkand-are 13:801), located in Trieste(in North-East Italy Eventhoughthe

on nt-d areancein-no elave

neebebtwveenthesebao

Carciotti which is located in the city center of Trieste and was built in the early 19th century. It crosses with oneafrthe
major roads in the city center and the building is surrounded by multistory residential buildings. Historically, this agea was
salina (Figure 12) and the area is lled withea27 mdepth materialayer(Fitzko et al., 2007) to cover up the salina to expand
the city in the 18th century.

decrease®:68 dB and2:36 dB for DST2 and CARC stations, respectively.
It is worth to consider thagv i i

5.3 Vehicle Noise

As mentioned before in Section 1 some of the seismic stations are positioned in public blildiagsnearthemainroads.

10
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levels are reduced due to several measures that limited the human activity. Its effect can be seen for all the con5|dered period:
with an average reduction in the noise levellod dB (and up t0o2:9dB at 0:0625 9 during the daytime. The effect of the
lockdown also affected the weekday and weekend variations of the noise levels.

385 The hlgh den5|tyof RAN stationscanbe Ieveragedo performlocal and reglonalstud|esof n0|selevel variations.Moreover,

Code and data availability.The analysis has been performed using the data and metadata from the Italian Strong Motion Network (RAN,
Gorini et al. 2010; Costa et al. 2022). Data and materials along with the developed models can be found in a dedicated GitHub repository.

12
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Figure 1. Main noise sources for different period bands from the studies of McNamara and Buland (2004); Bonnefoy-Claudet et al. (2006);
Cauzzi and Clinton (2013); D'Alessandro et al. (2021); Anthony et al. (2022)
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