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Abstract. Italian strong motion network monitors the seismic activity ef-ttaly-and-its—surrounding-in the region with more

than 706-statiens—Thanks-to-the-upgrade-of-the-583 stations with continuous data acqu1s1t10n—rH&pessrb}e%e—measwe—ﬂae
notse-level-of-the-strong-motionnetwork. In this study, we use

levels-determine the background seismic noise characteristics of the network %a%feewdeéﬂ%%@%gﬂﬂdrmﬂaeﬂfskquafwf

study-the-effeet-ofthe-anthropegenieseurees-on-the-by using the data collected in 2022. We analyze the spatial and temporal
characteristics of the background noise. tons—It is

found that mere-than-half-most of the stations €

anthropogente-noisessuffer from anthropogenic noises since the strong motion network is designed to capture the peak ground

motions in populated areas. Hence human activities enrich the low periods of noise. Therefore, land usage of the area where the
stations are located affects the background noise levels. Stations can be noisier during the day, up to H4-deeibels Q%and

during the weekday, up to 5 decibels, in short periods. »

periods (>3 ), accelerometric stations converge to similar noise levels and there are no significant daily or weekly changes. Itis
found that more than half of the stations exceed the background noise model designed for strong motion stations in Switzerland
by Cauzzi and Clinton (2013) in at least one of the calculated periods. We also develop an accelerometric seismic background
noise model for periods between 0.0124 s to 100 s for Italy by using the power spectral densities of the network. The model
is in agreement with the background noise model developed by D’ Alessandro et al. (2021) using broadband data for Italy in
short periods but in long periods there is no correlation among studies.
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1 Introduction

Seismic stations record the vibration of the ground that is given by the superposition of multiple sources. The definition of
seismic noise varies based on the target of each specific study. Since most of the seismic networks are established to detect
seismic events (i.e., earthquakes, volcanic activities, quarry blasts, and nuclear explosions) all other vibrations are referred to
as (ambient) noise. On the other hand, ambient noise itself has been the object of specific studies (e.g., for the characterization
of layers of the Earth-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; 1) seismierecorderrecorders (Ringler and Hutt, 2010), ii) temperature
changes (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., 2005; Bonnefoy-Claudet et al., 2006; D’ Alessandro et al., 2021; Anthony
et al., 2022), vi) human activities (McNamara 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). Fhis—workisfocused-on—the-study-of-the

The level of noise affects the quality of the seismie-signalsrecorded waveforms, hence the ability to detect seismic events.
To be able to monitor the seismic sources, seismic networks require 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 (B*Alessandro-et-al;202H)(Figure 1).
Various models have been created to interpret the noise levels. The model of Peterson (1993) is widely used to define the lower
(New Low Noise Model, NLNM) and upper (New High Noise Model, NHNM) 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 AHNM is computed as the lower

boundary of 5-percentile PSD amplitudes observed on rock sites

OoE n— AT NNM A men nd—d OG- ROIRE a
U = . NIV Cl cl a—aaca O 4 v cl
1) 5

O1—d O O W a—gtv a ahia POn —aata g
e, microseismic activities, and data logger systems domi-

dominant-at-alHfrequeneies;-whereasin-AHNM;-in which urban nois
nate the short periods, mid-range periods, and long periods, respectively. The ALNM is computed as a particular combination

of accelerometric sensors with a given gain and response with dataloggers. This model is widely used as the baseline model
for strong motion sensors (Ringler et al., 2015, 2020).

aged by the Italian Civil Protection Department (DPC) (Presidency of Counsil of Ministers - Civil Protection Department ,

1972; Gorini et al., 2010; Zambonelli et al., 2011; Costa et al., 2022), is established to monitor strong motions at a national
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Accelerometric Network (RAF, Rete Accelerometrica Friuli Venezia Giulia in Italian, University of Trieste 1993; Costa et al.
2010) inthe-North-East Italy, owned and managed by the University of Trieste (UniTS) ii) Irpinia Seismic Network (ISNet,
Weber et al. 2007) in the South of Italy, owned and managed by Analysis and Monitoring of Environmental Risk Society

information related to parameters useful for civil defence purposes (e.g., PGA, PSA0.3, PSA1.0, and PSA3.0). The progressive
conversion of data acquisition from triggered to continuous recording starting from the @6@@hcreased the number of
stations available to study noise levels on a national scale.

In Section 2, we explain the properties of RAN and the time coverage of the data. In Section 3, the data preprac&ssing

ispresentegomparisorbetweerpreviousbackgrounchoisemodelswith the developednodelarediscussedn Sectiongb.

in continuougrecordingfor morethan 90 % of the year, We seta thresholdof 50 %of completenessf PSDtime seriesfor
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The evolutionof the RAN is_not only aboutthe combinationof severalnetworksbut alsothe installationof new stations

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 usec
for the computation of the PSDs and the use of smoothing and averaging provide a way to reduce the storage and computatior
costs involved, but can be limiting when the method is extended to scienti ¢ 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

15 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 completen88%sisoegquired

they are low-probability occurrences with respect to ambient seismic noise (McNamara and Buland, 2004): Anthony et al.
(2020) showed that while the presence of earthquakes in the recordings can skew the median ambient-noise estimates fo
longer periodsX0s50 9, no signi cant effects have been observed for short periods. During preprocessing, data are linearly

detrended, the gaps are linearly interpolated, and a Hann window is applied to limit spectral leakage (Peterson, 1993; Anthony



125 et al., 2022). For eachh5 min subwindow the PSD is computed using Welch's method (Welch, 1967), the results for all
the subwindows within eac®0 min window are averaged, and the instrument response is then removed from the PSD. No
binning and smoothing are performed during the PSDs computation. Similar to Anthony et al. (2022), we performed a one-
third octave average over the PSDs: the averaging bandwidth can be assumed as a reasonable trade-off between the obtain
spectral resolution and the accuracy in the broadband noise sources characterization in each band. The parameters used for t
130 evaluation of the PSDs in our study, along with the ones used in McNamara and Buland (2004), D'Alessandro et al. (2021),
and Anthony et al. (2022) are reported in Table 4.

ranges. To study the effects of anthropogenic noise it is a common practice to consider the variations between day (08:00 -
18:00) and night (20:00 - 07:00) and between weekday (Monday - Friday) and weekend (Saturday - Sunday). Similarly, the
135 variations between summer and winter are analysed to check seasonal variations of the noiSeeuelgsseasenalariations

byeckdewnmeasuresStations with more thaB0 % of data for both summer and winter time periods are selected to analyze
seasonal effects. The statistics related to these variations are computed over the daily difference of the medians of each grour

4 Results
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it goesupwardin thelongerperiodswhereagALNM _is in generalupwardtrend.Around 1 smedianof the RAN exceedghe

AHNM andIAHNM is greatethanAHNM betweer0:5st0 3:5s

150

goesbelowthel ALNM andeventhesestationscannotreachthe ALNM model.PSDyvaluesareconcentrate¢h abarrowband

155 pattern.

Being RAN a strongmotionnetwork,we aremainly interestedn periodslessthan5 s afterwardswve focuson the speci c
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of the noise at different timescales for different periods, as describedtaitsdetail afterwards (see Figure 1). The overall
background noise levels for all stations in RAN are presented in Figure 6. The period-wise median of the PSDs for each station

Noise level statistics of RAN stations for each period of interest are reported m%ﬁl@wrth the related noise level and the

station placement.

levels de ned by Cauzzi and Clinton (2013). The median noise at each station, presented in Figure 6, and the AHNM have
been compared and the results are reported in Tales & the period for which we have the highest rate of exceedance of
the AHNM level with 34:4 % of the stations. The probability density function calculated over the median PSD of all stations
can be seen in Figure 3. The median valuedftis 0:2550:55 15 2s and5sare 11259dB, 11909dB, 120:35dB,

11998dB, 11807dB, and 11598dB, respectively. The median values are always below the AHNM model for the
period range of interest. Betwe®rl sand2 s stations located in the Po valley and the area from Ischia Island to Naples have
relatively high noise levels. Stations around Naples and Ischia Island have the same trend in higher periods.

Under the common assumption thlae-anthropogenic noise decreases during the night hourshamelgthe weekend, we
characterised the contribution of human activitiesheambient noise levelsCensideringthe datafrom-2019anein 2022
at98:2%of the 493 stations there is a reduction in noise levels at nighttime with respect to the average noise during daytime
(Figure 7). Daytime-nighttime noise level change reduces with increasing pericﬁlﬂ;satO:ZSs 055 1s, and2s with

these penod§29,%%}498r433ﬁ%5rand485§911:_489!::48Q::447!::and:439, :andf1753tations are noisier during the daytime.
We also studied the changes in the noise levels between weekdays and weekends and the general trend of noisier weekda
are observed (Figure?), consistently with the assumption of a reduction in human activities during the weekends. Median

changes between weekdays and weekends are smaller with respect to the daytime—nighttime changes with the same tren
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andwinter (McNamara and Buland, 2004piselevel changegFigure1)--hesighi-cantvariationshavebeennoticedamong

and21stof Decembeto 21stof Marchaswinter. Surprisinglyin long periodssummertime is noisierthanthe winter time in

spectrabcceleratioffPSA)in shortperiodsprovidemeaningfulinformationaboutthe possibledamagén a site of interestand

5 Discussion

Table 1 shows the distribution of the stations according to the classi cation proposed by Istituto Superiore per la Protezione
e la Ricerca Ambientale (2022). Even though most of the stations are located in urban areas and potentially subjected to high
levels of anthropogenic noise, this classi cation is too reductive (e.g., not considering the population density and the presence
or making a distinction between residential and industrial areas) to be assdeigfiéi speci ¢ noise levels.
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homogeneousThe cultural noiseis alsodifferentbetweerthe two countries the stationsusedin Cauzzi and Clinton (2013)

analyzedthe stationin and aroundthe Po valley in termsof backgroundhoiseby linking the high noiselevelsto industrial

The effect of human activity on noise levels can be seen by comparing daytime noise to nighttime noise, for which human
activity is reduced. As seen in Figure 7, the majority of the stations are noisier during the day for periods ldss Tian
noise difference between day and night decreases with increasing periods, but the nationwide trend of days being noisier is
valid for 0:1 s, 0:25 5 and0:5 s The same pattern can be seen in broadband stations located in Italy (D'Alessandro et al., 2021).
Duringthedaytimeanthropogenisourcege.g.factories of ces, public buildings,vehicles)mayenrichthelow periodportion

Italy, there are severalstationswith_relatively low_daytime-nighttimedifference, Thesestationsare

canbe linked to vehicleswhereagdn periods0:25 sand0:5 sother
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In the weekday - weekend variations, the same pattern can be followed in short periods?RPighoes that weekdays were
noisier with respect to weekends in almost all stations. The noise level changes are consistent with the changes in weekly humat

labour-relatedactivities.As in daytime- nighttimedifferencesjn both North-Eastandcentralltaly, thereare minimal power

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 betwéesto 10 s Consequently, variations in the noise sourcezsmnd5 scan be found

by analyzing the daily, weekly and seasonal changes.

stations located in the Po valley, on Ischia island, and in Naples which remain noisier during the day. The majority of the stations
exceed the AHNM threshold ibhs and the noise levels do not change during the night, which means that the anthropogenic
effects are not the dominant source. Even thoughdand5 sthere is a general trend of having higher noise levels during the
daytime, the power change is very smétll(1 dB and0:22 dB, respectively). Moreover, the effects of sea, swell, and/or wind

at our stations have not been identi ed and thus, do not have a signi cant role on the noisefieeeiss-ne-clearcorrelation

perieds. In the Po valley, the general trend of a high noise level diminishes starting &wnaverage and in the same periods,
unlike the day and night difference, weekends follow the same trend.

if they could be in_Figure6 sinceneitherwind nor sea-relateghoisesshouldbe changedbetweenweekdaysandweekends.
Hence we do not haveareasonablexplanatioraboutthe phenomena.

To_show the signi cant effectsthat the nearbysurroundingof a stationcan have on. its noiselevel we consideredwo



295

300

305

310

315

320

325

in the ity centreandthe building is surroundedy multistory residentiabuildings.Historically, this areawasa salinaandthe

As shownin Table5, 308 of

In Figure 6, 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 inlarids dmly the stations in Naples are in agreement with

10
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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 s) in. which wind andswell arethe dominantnoisesources. 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 Italy. In0:1 s, 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 parts of Italy. We can conclude that human-made activities dominate the low periods of the
noise content and high noise levels can be linked to the activities that are occurring in the area where anthropogenic source:s
are present. Reduction in human activity can be seen in Figure 7 in which almost all stations have lower noise levels at night

with respect to their daytime counterparts.

almostidenticalwith thelAHNM betweer:;05 sand0:3 swhicharehigherthantheAHNM andNHNM of Cauzzi and. Clinton (2013); F

orderof magnitudeand in periods betweeB05 sandis-?feundthatin-Sieily-(italy)-O-L sandlower periodshavethemest

reductionin-Lsbutthe neiselevelsarehigherduring this-peried Swissand the US seismicnetworks.Around
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e bands.The differencebetweenthe noiselevelsin RAN

swherethe model predictionjs relatively low_suchas North-Eastltaly and severalpartsof

L e e e e neartOStatlonS\IVIth

6 Conclusions

The recent modernization of RAN stations allowed us to study their noise levels on a nationwide scale. The analysis is per-
formed by computing PSDs ovB0 min windows of signals using continuous recordings acquiesiveer2619andin 2022
The results of this study improve the overall seismic background noise information of Italy, complementing the previous work
by D'Alessandro et al. (2021) for the Italian broadband network. Itis found that a signi cant number of station$ {t§%eof
and California by Cauzzi and Clinton (2013).

As presented in Section 4, RAN has several very noisy stations located within cities. We must stress that the fundamental
duty of RAN is to provide ground motions of the locations where civil defence may need to provide assistance in post-disaster

providing the true nature of the ground motion if there is a strong earthquake nearby, hence they are able to serve their purpose

13
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(Costa et al., 2022). Depending on the nature of the future station installations and studies, noise levels of RAN (Figure 6) may
give an insight into the capabilities of the stations.

The daily variations of the noise levels of the station, obtained comparing the daytime (08:00 - 18:00) and nighttime (20:00 -
07:00) results, show that in short periods where human - made activities dominate the seismic records daytime is noisier than
nighttime.Fhi i i i i i i

Thedifferenceis relativel

In the longer periods (19, unlike various previous studies, our analysis has not found any evidence of the swell and
sea effect on noise levels (betwekrand40 g with no clear pattern arising considering stations at different distance to the
coastline (Figure 6)/dditenalbrercencopasaticnhasbeaniorpdinverlepsperiac igure2?—In periods
between2 s to 5s winter is noisier as expected from previous studies (D'Alessandro et al., 2021) but in longer periods it
is reversed and the median noise differences between winter and summer are generally constant network-wise with values
increasing with periods. These results are consistent with the instrumental noise being the main noise source at long periods

as indicated by Cauzzi and Clinton (2013).

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.

https://doi.org/10.5194/nhess-0-1-2023-supplement

Author contributions.Conceptualisation, all authors.; methodology, S.F.F.; software, S.F.F.; data curation, all authors; writing—original draft
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