
Seismic Background Noise Levels in Italian Strong Motion Network
Simone Francesco Fornasari1, Deniz Ertuncay1, and Giovanni Costa1

1SeisRaM Working Group, Department of Mathematics and Geosciences, University of Trieste, Via Eduardo Weiss 4, 34128
Trieste, Italy

Correspondence: Simone Francesco Fornasari (simonefrancesco.fornasari@phd.units.it)

Abstract. Italian strong motion network monitors the seismic activity of Italy and its surrounding
::
in

:::
the

::::::
region with more

than 700 stations. Thanks to the upgrade of the
:::
585 stations with continuous data acquisition, it is possible to measure the

noise level of the strong motion network. In this study, we used the background noise to estimate the variations in the noise

levels
::::::::
determine

:::
the

::::::::::
background

:::::::
seismic

:::::
noise

::::::::::::
characteristics of the network . Data recorded in 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 to5

study the effect of the anthropogenic sources on the
::
by

:::::
using

:::
the

::::
data

::::::::
collected

::
in

:::::
2022.

:::
We

:::::::
analyze

:::
the

::::::
spatial

:::
and

::::::::
temporal

:::::::::::
characteristics

:::
of

:::
the

:
background noise. To do that, power spectrum density is calculated for the continuous stations. It is

found that more than half
::::
most 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), as they are affected by10

anthropogenic noises
:::::
suffer

::::
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 14 decibels

::
12

:::::::
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 in15

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 at RAN stations . During the COVID-19 lockdown, noise levels

dropped 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 significant effects on noise levels
::
In

::::
long

::::::
periods

::::
(≥5

::
s),

::::::::::::
accelerometric

:::::::
stations

:::::::
converge

::
to

::::::
similar

:::::
noise

:::::
levels

:::
and

::::
there

:::
are

:::
no

::::::::
significant

:::::
daily

::
or

::::::
weekly

:::::::
changes.

::
It

::
is20

:::::
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.25
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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 characterization30

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; i) seismic recorder
:::::::
recorders

:
(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; Anthony35

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). This work is focused on the study of the

background seismic noise levels.

The level of noise affects the quality of the seismic signals
:::::::
recorded

:::::::::
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. To40

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)
::::::
(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 the45

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 while the 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 are50

dominant at all frequencies, whereas in AHNM,
::
in

:::::
which

:
urban noise, microseismic activities, and data logger systems domi-

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).

Even though to optimize the quality of the recordings seismic stations should be installed away from any source of noise55

(e.g., roads, major cities, and factories), the selection of the “optimal” location to install a seismic station weights multiple

parameters depending on the purpose of the specific network. The National Accelerometric Network (RAN), owned and man-

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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level. The integrated RAN is the combination of RAN with the following networks; i) the Friuli Venezia Giulia
:::
and

::::::
Veneto60

Accelerometric Network (RAF, Rete Accelerometrica Friuli Venezia Giulia in Italian, University of Trieste 1993; Costa et al.

2010) intheNorth-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

(AMRA). Thereinafter, RAN will refer to the integrated RAN.
:::::
Being

:::
the

::::
RAN

:::::
main

::::
goal

::
to

:::::::
provide

::::::::::
information

:::::::
valuable

:::
for

::::
Civil

:::::::::
Protection

::::::
duties,

:::
the

:::::::
selection

:::::::
criteria

::
of

:::
the

:::::::::
“optimal”

:::::::
location

::
to

:::::
install

:::::::
seismic

:::::::
stations

::::::
weighs

:::::::
multiple

::::::::::
parameters65

:::
and

:::
the

::::::
quality

::
of

:::
the

:::::::::
recordings

::
in

:::::
terms

::
of

:::::
noise

::::::::
generated

:::
by

::::::
nearby

::::::
sources

:::::
could

::::
play

:
a
:::::::::
secondary

::::
role.

:

In this paper, we focus on the background noise in RAN by analyzing the datacomingfrom 532continuousstationsbetween

2019and2022. To do thatwe focused, in general,
:::::::
recorded

:::
by

:::
585

:::::::::
continuous

:::::::
stations

::::::
during

::::
2022

::::
and

::::::::
developed

:::
the

::::::
Italian

::::::::::::
accelerometric

:::::
noise

:::::::
models.

:::
We

:::::::
focused

::::
our

:::::::
analysis

::::::
mainly

:
on the short periods (� 5 s) since they carry more relevant

information related to parameters useful for civil defence purposes (e.g., PGA, PSA0.3, PSA1.0, and PSA3.0). The progressive70

conversion of data acquisition from triggered to continuous recording starting from the end of2020increased 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 preprocessingandPSD

processingwork�ow,
:::::
PSD

:::::::::
evaluation

::::::::
work�ow,

::::
and

:::::::::::
development

::
of

:::
the

::::::
Italian

::::::::::::
accelerometric

:::::
noise

:::::::
models are explained.

Background noise levels
:::
and

:::
the

:::::
noise

:::::::
models

:
are presented in Section 4 and the possible noise sourcesare discussedin75

Section5. To seetheeffectof theCOVID-19 pandemicon theanthropogenicnoise,we comparethe2019and2022noisedata

with the onefrom the Italian nationwidelockdown.Numerousstudiesshowedthat during the pandemic,backgroundnoise

levelsaredecreaseddueto thelockdownmeasuresforcedonanationalscaleall aroundtheglobe(???). DuringtheCOVID-19

lockdown the opportunityis raisedto seethe noiselevel changesdue to humanactivity and how 'silent' the stationscan

be.Variationsin the noiselevelsduring the COVID-19 ,
::::::::
temporal

::::
and

::::::
spatial

::::::::
variations

::
of

::::::
noise, andnon-COVID-19time80

periods,alongwith severalnoisesourcesthatwecanclearlyidentify, areinterpreted,andtheoverallbackgroundnoiseof RAN

is presented
:::::::::
comparison

:::::::
between

::::::::
previous

::::::::::
background

::::
noise

:::::::
models

::::
with

:::
the

::::::::
developed

::::::
model

:::
are

::::::::
discussed

:
in Section6

:
5.

2 Data

RAN consistsof morethan700stationsof which532providedcontinuousdatain thetime rangethatweareinterestedin .

::
In

:::
this

:::::
study,

::::
data

::::
from

:::
the

:::::::
vertical

:::::::::
component

::
of

::::
585

:::::::
stations

::
of

:::
the

::::
RAN

::::::::
collected

::
in

:::::
2022

::::
have

::::
been

::::::::
analyzed

::::::
(Figure

:::
2).85

RAN stations have generally a standardized installation near urban areas (see Table 1) in free-�eld conditions, with instruments

placed on an isolated pillar anchored on rock or put inside of the sediments.
::
On

:::::::
average,

::::
383

::
of

::::
these

:::::::
stations

::::
were

::::::::::
operational

::
in

:::::::::
continuous

::::::::
recording

:::
for

:::::
more

::::
than

:::::
90 %

::
of

:::
the

::::
year.

::::
We

:::
set

:
a

::::::::
threshold

:::
of

:::::
50 %

:
of

::::::::::::
completeness

::
of

::::
PSD

:::::
time

:::::
series

:::
for

:::
data

::::::::
selection

::
to

::::::::
calculate

:::
the

::::::::::
background

::::
noise

::::::
model

:::
for

:::
the

::::
RAN

::::::
which

::::::
makes

:::
494

:::
out

::
of

::::
585

:::::::
stations

:::::::
(84:6 %

:
of

::::::::
stations)

::::::
eligible

:::
for

:::
the

::::::
further

:::::
steps:

:::
the

:::::::::
remaining

:::::::
stations

:::::::
operated

::::::
either

::
in

::::::::
triggered

:::::
mode

:::::::::
throughout

:::
the

::::
year

:::
or

::::::::
converted

::::
into90

:::::::::
continuous

::::
data

::::::::
recording

::::
later

::
in

:::
the

::::
year.

:
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Datafrom 2019areusedto characterisebackgroundnoiseinformationfrom RAN alongwith seasonal,daily, andhourly

changes.Datacollectedduring the lockdown(9 March - 4 May 2020)provideinformationaboutthe noiselevelswhenthe

anthropogenicsourcesnationwidewerereducedin manyplaces.Datafrom 2022(1 January- 30April 2022)areusedto study

thepost-lockdownnoiselevel and, thanksto thegreatincreasein thenumberof continuousstations,providebettercoverage95

of
:::::::
Seismic

::::::::::
instruments

::
of

:::
the

:::::::
network

::::::
consist

::::::
mostly

:::
of

::::::::::
Kinemetrics

::::
and

:::::::
Syscom

::::::
sensors

::::::
(Table

::
2)

::::
with

:::
24

:::
bit

::::::::::
acquisition.

::::
Data

::::::
transfer

:::::
from

:::
the

:::::
station

::
to

:::
the

::::
data

:::::
centre

::
in

::::::
Rome,

::::
Italy

::
is

::::::
carried

:::
out

::::::
mainly

::
by

:::
an

::::::
Access

:::::
Point

:::::
Name

::::::
(APN)

::::::::
dedicated

::
to

::::
RAN

::::
and

:
a

::::
copy

:::
of

:::
the

:::
data

::
is

::::
sent

::
to

::::::
Trieste

:::::
(Italy)

:::
via

::
a

::::::
Virtual

::::::
Private

:::::::
Network

:::::::
(VPN).

:::
The

::::::::
evolution

:::
of

:::
the

::::
RAN

::
is

::::
not

::::
only

:::::
about

:::
the

:::::::::::
combination

::
of

::::::
several

::::::::
networks

:::
but

::::
also

:::
the

::::::::::
installation

::
of

::::
new

:::::::
stations

:::::
across the Italian territory.100

Thereinafterthecombineddatafrom 2019
:::
over

:::::
time.

:::::::::
Moreover,

:::
the

::::
data

:::::::::
acquisition

:::::::
systems

::
of

:::
the

:::::::
network

::::
have

::::::::
changed

:::
over

:::::
time.

:::::
After

:::::
2020,

:
a
:::::
large

:::::::
number

::
of

:::::::
triggered

:::::::
stations

::::
have

:::::
been

:::::::
replaced

::::
with

:::::::::
continuous

::::
data

::::::::::
acquisition.

::::
The

:::::::
purpose

::
of

:::
the

:::::
RAN

::
is

::
to

::::::::
determine

:::
the

:::::::
ground

::::::
motion

:::::::::
parameters

::::::::
recorded

::
in

:::
the

:::::
areas

:::::
where

:::::
there

::
is

:::::::::::
considerable

::::::
human

:::::::
activity.

::::
RAN

::::::::
provides

:::::::
valuable

::::::::::
information

::
to

:::
the

:::::
Italian

::::
civil

:::::::
defence

:::::
(DPC)

::
to

::::
help

::
in

::::::::::::::
decision-making

::::
after

:::::::
seismic

::::::
events.

:::::::
Because

::
of

::::
that,

:::::
factors

::::
that

:::::
affect

:::
the

::::::
quality

::
of

:::
the

::::::
seismic

::::::::::
waveforms

:::::::
recorded

::::
(i.e.,

::::::::::
background

:::::
noise

:::::
levels

:::
and

:::
soil

::::::::::
conditions)

::::
may105

:::
not

::
be

:::
the

::::
main

:::::::
priority

:::
for

::::
DPC

::
in

::::::::
deciding

:::::
where

:
a
::::
new

::::::
station

::
is

:::::
going

::
to

:::
be

::::::::
deployed.

::::
Most

:::
of

:::
the

::::
RAN

:::::::
stations

::::::
(Table

::
3)

::
sit

::
on

:::
top

:::
of

:
a

::
B

:
and2022will bereferredto asnon-lockdowndata,asopposedto thedatafrom 9 March- 4 May 2020which

will be addressedaslockdowndata. The locationanddataavailability for eachstationis presentedin Figure2
::
C

::::
class

::::
soil

:::::::::::::::::
(Aucun et al., 2012)

::
and

:::::
many

:::
of

::
the

:::::::
stations

:::
are

::::::
located

::
in

:::
the

::::::::::
settlements

:::::
(Table

:::
1).

3 Method110

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 computation

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 an115

adaptation of McNamara and Buland (2004).Eachdaily recording
:::::::::
Considering

:::::
only

:::
the

::::::
vertical

::::::::::
components

::
at

::::
the

:::::::
stations,

::::
each

::::
daily

:::::::::
recording

::
in

::::::::::
acceleration

:
is divided into90 min windows with50 % overlap, each one subsequently divided into

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 completeness above90 %is required

for each90 min window. Transientsignal
::::::
signals, consisting also of earthquakes, are not removed from the seismic traces since120

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 for

longer periods (10 s-50 s), 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

4



et al., 2022). For each15 min subwindow the PSD is computed using Welch's method (Welch, 1967), the results for all125

the subwindows within each90 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 obtained

spectral resolution and the accuracy in the broadband noise sources characterization in each band. The parameters used for the

evaluation of the PSDs in our study, along with the ones used in McNamara and Buland (2004), D'Alessandro et al. (2021),130

and Anthony et al. (2022) are reported in Table 4.

To study speci�c patterns in the noise levels over time, the PSDs aregrouped
:::::
studied

:::
by

::::::::
grouping

::::
them

:
over different time

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

variations between summer and winter are analysed to check seasonal variations of the noise levels.To studyseasonalvariations135

we limited our analysisto 2019beingtheonly year-longdatasetanalysedin this studywith continuousrecordingsunaffected

by lockdownmeasures.Stations with more than50 %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 group.

4 Results

Theresultsobtainedfor 20 randomlyselectedstationsapplyingthemethoddescribedin Section3 areshownin Figure?? for140

theperiodsof interest,namely
::::::
method

:::::::::
explained

::
in

::
the

::::::::
previous

::::::
section

:
is

:::::::
applied

::
to

::
all

:::
the

:::::::
stations

::
in

::::
RAN

::
to

:::::
create

:::
the

::::::
Italian

::::::::::::
accelerometric

::::
high

:::::::::
(IAHNM)

:::
and

::::
low

::::::::
(IALNM)

:::::
noise

::::::
models

:::::::
(Figure

::
3).

::::::::::
Amplitudes

:::
for

::::
each

::::::
period

:::
are

:::::
given

::
in

:::::
Table

:::
S1

::
for

::::::::
IAHNM

:::
and

::::::::
IALNM.

::
In

:::
low

:::::::
periods

::::::
(� 0:1 s

:
)

::::::
median

::
of

:::
the

:::::
RAN

::
is

:::::
closer

::
to

:::
the

:::::
higher

::::
end

::
of

:::
the

:::::
noise

:::::
model

:::::::::
developed

::
by

::::::::::::::::::::::
Cauzzi and Clinton (2013).

::::::::
Between

:::::::
(� 0:02 s

:
)
::
to

:::::::
(� 0:1 s)

::::::::
IAHNM

:::::::
exceeds

:::
the

::::::
AHNM

::::
and

:::::::
between

:::
the

::::::
periods

::::::::
IAHNM

:::
and

:::::::
IALNM

:::::
cover

:
a

:::::
large

:::::
range

:::::::
between

::::::::
� 124 dB

::
to

:::::::
� 84 dB.

:::::::
IAHNM

::
is

::
in

:
a
:::::::::
downtrend

::::::::
between

:::::::
(� 0:08 s

:
)

::
to

::::::
around

:::
1 s

:::
and145

:
it

::::
goes

:::::::
upward

::
in

:::
the

::::::
longer

::::::
periods

:::::::
whereas

:::::::
IALNM

::
is

::
in

:::::::
general

::::::
upward

:::::
trend.

:::::::
Around

:::
1 s

::::::
median

::
of

:::
the

:::::
RAN

:::::::
exceeds

:::
the

::::::
AHNM

:::
and

::::::::
IAHNM

::
is

::::::
greater

:::
than

:::::::
AHNM

:::::::
between

:::::
0:5 s

:
to

::::
3:5 s

:
.
::::
The

:::::::
upwards

::::
trend

::
of

::::::::::
background

:::::
noise

:::
can

:::
be

::::
seen

::
in

::::
both

::::::
models

:::
but

::
in

:::
our

:::::
study

::::
such

:::::
trend

:
is

::::::::
smoother

::::
than

:::
the

::::::
model

::
of

::::::::::::::::::::::
Cauzzi and Clinton (2013).

:

:::
The

:::::
lower

:::::
limit

::
of

:::
the

:::::
noise

::::::
model,

::::::::
IALNM,

::
is,

:::
on

:::::::
average,

::::::
15 dB

:::::
higher

::::
than

:::
the

:::::::
ALNM

::
of

:::::::::::::::::::::::
Cauzzi and Clinton (2013)

:::::
which

::
is

::::::
de�ned

:::
as

:::
the

:::::::::
theoretical

:::::
lower

::::::::
boundary

::
of

:::
the

::::::
station

::::::
noise.

::::::
Figure

:
4

::::::
shows

:::
that

:::::
only

:
a

:::::
small

:::::::
amount

::
of

:::::::
stations150

::::
goes

:::::
below

:::
the

:::::::
IALNM

:::
and

::::
even

:::::
these

:::::::
stations

:::::
cannot

:::::
reach

:::
the

:::::::
ALNM

::::::
model.

::::
PSD

:::::
values

:::
are

:::::::::::
concentrated

::
in

:
a
::::::
barrow

:::::
band

::
in

::::
long

::::::
periods

:::::
(� 5 s

:
)

:::
and

::
in

:::::
short

::::::
periods

::::
they

:::::
cover

:
a

:::::
wide

::::
range

:::
of

::::::
values.

::::::
Station

::::::::
locations

::::
play

::
an

::::::::
important

::::
role

::
in

:::::
noise

:::::::::::::
characterization

::::::
(Figure

:::
5).

:::::
Most

::
of

:::
the

::::::
stations

::::
that

:::
are

::::::
located

::
in

::::::::::
settlements

::::
have

::::
high

:::::
levels

:::
of

:::::
noise,

:::::
hence

:::::::::
increasing

:::
the

:::::
upper

::::::::
boundary

::
of

:::
the

::::::::
IAHNM.

:::::
Even

::::::
though

::::
land

:::::
usage

:::::::::
in�uences

:::::
short

:::::::
periods,

::
its

::::::
effect

::
on

::::
long

:::::::
periods

::::::
shows

::
no

:::::
clear

::::::
pattern.

:
155

:::::
Being

:::::
RAN

:
a

::::::
strong

::::::
motion

:::::::
network,

:::
we

:::
are

::::::
mainly

:::::::::
interested

::
in

::::::
periods

::::
less

::::
than

::
5 s

:
:

:::::::::
afterwards

:::
we

:::::
focus

::
on

:::
the

:::::::
speci�c

:::::
period

:::::
bands

:::::::
centred

::::::
around0:1 s, 0:25 s, 0:5 s, 1 s, 2 s, and5 s: this

:
.

:::
We

:::::
would

::::
like

::
to

:
provide an overview of the behaviour

5



of the noise at different timescales for different periods, as described indetails
::::
detail

:
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

is computed and interpreted as the representative noise level.SinceRAN is astrongmotionnetwork,wearemainly interested160

in periodslessthan5 s. Anthropogenic sources can have a major role in the noise content of short periods (Table
:::::
Figure 1)

which alsoare
::::::
provide

:
essential information for seismic parameters estimation, seismic engineering and building monitoring.

Noise level statistics of RAN stations for each period of interest are reported in TableS1
::
S2 with the related noise level and the

station placement.

RAN has relatively high noise levels in short periods. Numerousstationsexceed
:::
with

:::::::::
numerous

:::::::
stations

:::::::::
exceeding the165

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 Table 5.1 s is the period for which we have the highest rate of exceedance of

the AHNM level with34:4 % of the stations. The probability density function calculated over the median PSD of all stations

can be seen in Figure 3. The median values for0:1 s, 0:25 s, 0:5 s, 1 s, 2 s, and5 sare� 112:59 dB, � 119:09 dB, � 120:35 dB,

� 119:98 dB, � 118:07 dB, and � 115:98 dB, respectively. The median values are always below the AHNM model for the170

period range of interest. Between0:1 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 thattheanthropogenic noise decreases during the night hours andduring the weekend, we

characterised the contribution of human activities tothe ambient noise levels.Consideringthe datafrom 2019and
::
In 2022,

at 98:2 %of the
:::
493

:
stations there is a reduction in noise levels at nighttime with respect to the average noise during daytime175

(Figure 7). Daytime-nighttime noise level change reduces with increasing periods at0:1 s, 0:25 s, 0:5 s, 1 s , and2 s with

median values of6:14 dB, 1:37 dB
:::::::
6:00 dB,

:::::::
1:45 dB, 0:30 dB, 0:8 dB, and0:8 dB

::::::
0:11 dB

:
,

:::
and

:::::::
0:14 dB, respectively. Among

these periods529, 512, 498, 433, 405, and485
:::
491,

::::
489,

::::
480,

::::
447,

::::
and

::::
439,

:::
and

::::
475stations are noisier during the daytime.

We also studied the changes in the noise levels between weekdays and weekends and the general trend of noisier weekdays

are observed (Figure??), consistently with the assumption of a reduction in human activities during the weekends. Median180

changes between weekdays and weekends are smaller with respect to the daytime-nighttime changes with the same trend

of decreasing differences with increasing periods.Weekday-weekend
:::::::
Weekday

:
-
::::::::
weekend

:
median differences are0:95 dB

, 0:38 dB, 0:11 dB, 0:02 dB, 0 dB, and� 0:07 dB
::::::
0:88 dB

:
,

:::::::
0:36 dB,

:::::::
0:08 dB

:
,

::::::::
� 0:01 dB

:
,
::::::::
� 0:10 dB

:
,
:::
and

::::::::::
� 0:02 dB for 0:1 s,

0:25 s, 0:5 s, 1 s, 2 s, and5 s, respectively.General
:::
The

:::::::
general trend of noisier weekdays can be followed between0:1 sto 1 s

with 487, 484, 457, and353
:::::
0:5 s

:::
with

::::
453,

::::
453,

::::
and

:::
414

:
stations in the periods of interest.

::
In

:::
the

:::::::
periods

:::::::
between

:::
1 s

::
to

:::
5 s185

::::
only

::::
215,

:::
52,

:::
and

:::
190

:::::::
stations

:::
are

::::::
noisier

::
in

:::
the

:::::::::
weekends.

Datafrom 2019arefurtherusedto studytheseasonalvariationof verylongperiodnoises(� 5 s), asshownin Figure??. The

resultsshowthatwintersarenoisierthansummersassuggestedbypreviousstudies(Stutzmann et al., 2000; McNamara and Buland, 2004; Anthony et al., 2022; D'Alessandro et al., 2021)

with thenumberof stationsthatarenoisierduringwinterswith respectto summercango up to 121in 16 swith mediannoise

level changeup to 1:55 dB. Despitethedifferencein noisesourcespotentiallycontributing
::
To

:::
see

:::
the

::::::::
seasonal

:::::::
changes in the190

long periods
:::::
which

:::
can

::
be

:::::::
affected

:::
by

:::
the

::::::
marine

::::
and

::::::::::
atmospheric

::::::
sources

:::
we

::::::::
analyzed

:::
the

:::::::
stations

::
in

::::
their

:::::::
median

:::::::
summer

6



:::
and

::::::
winter

::::::::::::::::::::::::::
(McNamara and Buland, 2004)

::::
noise

::::
level

:::::::
changes

:
(Figure1) , no signi�cant variationshavebeennoticedamong

differentperiodsandnoparticulareffectrelatedto anyspeci�c sourcehasbeenfound.

4.1 COVID-19 Lockdown

In theearlyperiodsof theCOVID-19pandemic,Italy introduceda full lockdownin thewholecountrywhich limited thedaily195

activity of thegeneralpublic aswell asa wide rangeof industrialactivities.Lockdownstartedon the9th of March2020(8th

of March in NorthernItaly) andendedon the 4th of May 2020. Following the nationwidelockdown,different containment

measuresweresetonamorelocal scaleandatdifferenttimes.

To observethe noiselevel changesduring the lockdown,309 stationsthatwere continuouslyrecordingduring both the

lockdownandthenon-lockdownperiodsareselected.For shortperiodsgeneraltrendof quieterstationsduringthelockdown200

thanthenon-lockdowndatescanbenoticed(Figure??), with 303, 277, 255, 237, 280, and259stationsbeingquieteratperiods

of 0:1 s, 0:25 s, 0:5 s, 1:0 s, 2:0 s, and5:0 sfor thecommonstations
::
9)

::
by

::::::::
de�ning

:::
21st

::
of

:::::
June

::
to

:::
21st

:::
of

:::::::::
September

::
as

:::::::
summer

:::
and

::::
21st

::
of

:::::::::
December

::
to

::::
21st

::
of

::::::
March

::
as

::::::
winter.

::::::::::
Surprisingly

::
in

:::::
long

::::::
periods

:::::::
summer

::::
time

::
is

::::::
noisier

::::
than

:::
the

::::::
winter

::::
time

::
in

::
5 s

:
,

::
8 s

:
,

::::
16 s,

::::
and

:::
30 s

:
.

:::::
These

:::::::
periods

:::
are

::::::
chosen

::
to

::::::::
visualize

:::
the

:::::
effect

::
of

:::
the

::::
long

::::::
period

::::::::::
background

:::::
noise

::
at

:::::::
network

:::::
level.

:::::::
Previous

::::::
studies

::::
(eg.

:::::::::::::::::::::::::::::::::::::::::::
McNamara and Buland (2004); Anthony et al. (2022))

:::::
have

:::::
found

:::
the

:::::::
opposite

:::::::::
behaviour

::
in

:::
the

:::::::
stations.205

::
In

::::
total

:::
the

::::::
median

:::::::::
difference

:::::::
between

:::::::
summer

:::
and

::::::
winter

:::
are

:::::::
0:19 dB,

:::::::
0:97 dB

:
,

::::
1 dB

:
,

:::
and

:::::::
0:75 dB,

:::
for

:::
5 s,

:::
8 s

:
,

:::
16 s

:
,

:::
and

::::
30 s

, respectively.In all of the periodslockdowndatesarequieterthanthe non-lockdowndates.During the lockdown303, 277,

255, 237, 280, and259stationsarequieter.Furthermore,houranddayspeci�c resultsarealsopresentedin daytime- nighttime

(Figure??) . Duringthebothdaytimeandnighttimeof lockdowndatesstationsarequieterwith respectto non-lockdowndates.

Median daytimechangesvary between2:27 dB and 0:13 dB whereasnighttime changesarebetween1:19 dB and 0:12 dB.210

Weekday-weekenddifferencesresults,not presentedin the paperfor the sakeof simplicity, but reportedFigureS2.Median

weekdaynoiselevelchangesgoesup to 4:12 dB andweekendchangesgoesup to 0:39 dB in 0:1 s. Majority of thestationsare

noisierin weekday(� 75 %) andweekends(� 60 %) of nonlockdownperiod
::::
The

::::::
purpose

:::
of

::
the

:::::::::::::
accelerometric

:::::::
network

::
is

::
to

:::::
detect

:::
the

::::
peak

::::::
ground

::::::::::
parameters

::
in

:::::::::
destructive

:::::::::::
earthquakes.

:::::::::
Parameters

:::::
such

::
as

::::
peak

:::::::
ground

::::::::::
acceleration

::::::
(PGA)

:::
and

:::::
peak

::::::
spectral

::::::::::
acceleration

::::::
(PSA)

::
in

::::
short

:::::::
periods

::::::
provide

::::::::::
meaningful

::::::::::
information

:::::
about

:::
the

:::::::
possible

::::::
damage

::
in

::
a

:::
site

::
of

::::::
interest

::::
and215

::::
these

::::::::::
parameters

:::
are,

::
in

:::::::
general,

::::::
arrive

::
to

:::
the

::::::
station

::
in

:::
the

::::
high

::::::::::
frequencies

::
of

:::
its

::::::::
spectrum.

:::::::
Hence,

::::
high

::::::::::
background

:::::
noise

:::::
levels

::
in

::::
long

::::::
periods

:::
do

:::
not

:::::
affect

:::
the

:::::::::
capabilities

::
of

:::
the

:::::
RAN.

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 high220

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 associatedto
:::
with

:
speci�c noise levels.
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The interpretation of the background noise inItalian strongmotionnetwork
::
the

:::::
RAN can be done in three different ranges

that are low periods (< 1 s), medium range periods (between1 s and5 s), and long periods, (> 5 s). As mentioned before, in

the lower
:::
low

:
periods, human activities are the main source of background noise.273 of 532

:::
291

::
of

::::
493 stations have noise225

levels exceeding the AHNM developed by Cauzzi and Clinton 2013, as reported in Table 5 considering the results for different

periods. In Table 5 the highest percentagenumberof stationsexceeds
::
of

::::::
stations

:::::::::
exceeding the AHNM is at1 s. This can be

due to the speci�c datalogger systems used by RAN, as discussed by Cauzzi and Clinton (2013), that shift the background

noise levels up and cause network-wide highlevel noise
:::::
noise

::::
level

:
(Figure 6) at this speci�c period.

::::::::::
Furthermore,

:::::
both

:::
the

::::::::
geological

::::
and

::::::::::::
anthropogenic

:::::::
settings

::
of

::::::::::
Switzerland

:::::::
present

:::::
some

:::::::::
differences

:::::
from

:::
the

::::::
Italian

::::
ones.

::::::::
Different

:::::::::::
geodynamic230

:::::
forces

:::
act

:::
on

::::
Italy

::::::
which

::::::
creates

::::::
diverse

:::::::::
geological

:::::::::
structures

::
in

:::
the

::::::::
territory

:::::::
whereas

::
in

::::::::::
Switzerland

::::
the

:::::::
geology

::
is

:::::
more

::::::::::::
homogeneous.

:::
The

:::::::
cultural

:::::
noise

::
is

::::
also

:::::::
different

:::::::
between

:::
the

::::
two

::::::::
countries:

:::
the

:::::::
stations

::::
used

::
in

:::::::::::::::::::::::
Cauzzi and Clinton (2013)

:::
are,

::::
with

:::
the

::::::::
exception

::
of

:::
the

::::
ones

::
in

::::::
Basel,

::::::
mainly

::::::
located

::
in

:::
the

::::::::::
countryside

::
or

::
in

:::::
small

::::::::::
settlements,

::::
with

::::::
respect

::
to

:::
the

:::::
RAN

:::::::
stations.

As shownin Table 5, 51:3 %of all stationsexceedthe AHNM for at leastone period
::::
The

:::::::
potential

:::::::
relation

::::::::
between

:::
the235

::::::::
geological

:::::::
settings

:::
and

::::
the

::::::::::
background

::::
noise

::::::::::::
characteristics

::
in

::::
low

::::::
periods

::
is

::::
also

:::::::::::
investigated.

:::::::
Stations

::::::
located

::
in

:::
Po

::::::
valley,

:::::
having

:::::
large

::::::
alluvial

::::::::
deposits,

::::
have

::::::::
relatively

::::
high

::::
noise

:::::
levels

:::::::
(Figure

:::
S2,

::::::::::::::
Cocco et al. 2001

:
). However,by comparingwith the

P-wavecornerfrequenciesby Brune (1970), eventhe10 noisieststationstheoreticallydetecttheP wavearrival of magnitude

2:7 eventstartingfrom 1 km epicentraldistance(FigureS3).Sincethe purposeof RAN is to recordpeakamplitudes,those

stationsareusefulevenfor earthquakeswith smallermagnitudesandlongerepicentraldistances
::::
there

:::
are

::::
other

:::::
noisy

:::::::
stations240

:::
that

:::
are

::::::
located

::
in

::::::::::
completely

:::::::
different

:::::::::
geological

::::::
settings

:::::
such

::
as

:::
the

::::
ones

::
in

::::::
Naples

:::::
(local

:::::::
geology

::
is

:::::::::
dominated

::
by

::::::::
intrusive

:::::
rocks).

::::::
Hence,

::::
high

::::::::::
background

:::::
noise

::::::
cannot

::
be

::::::
directly

::::::
linked

::
to

::
the

:::::
local

:::::::
geology

::
but

:::
the

::::::::::::
anthropogenic

::::::::
activities.

:::::::::::::::::::::::
Marzorati and Bindi (2006)

:::::::
analyzed

:::
the

::::::
station

::
in

::::
and

::::::
around

:::
the

:::
Po

:::::
valley

:::
in

:::::
terms

::
of

::::::::::
background

:::::
noise

:::
by

::::::
linking

:::
the

::::
high

:::::
noise

:::::
levels

:::
to

::::::::
industrial

:::::::
activities

::::
and

:::::::::
comparing

:::
the

::::::::::
considerable

:::::
noise

::::
level

:::::::
changes

:::::
with

::::::
respect

::
to

:::
the

::::::
stations

:::
in

:::
the

:::::
North

::
of

:::
Po

::::::
Valley.

::
A

::::::
similar

::::
trend

::::
can

::
be

::::
seen

::
in

::::
our

:::::
results

:::
as

::::
well

::::::
(Figure

::::
S2).

:::::::
Stations

:::::::
located

::
in

:::
the

:::::::::
North-East

:::
of

::
Po

::::::
Valley

::::::
(where

:::::
local

:::::::
geology

::
is245

::::::::
dominated

:::
by

::::::::
carbonate

::::::
rocks)

:::
are

::::
some

:::
of

::
the

:::::::
quietest

:::::::
stations

::
in

:::
the

:::::
RAN

:::::::
network

:::
due

::
to

:::
the

::::
lack

::
of

::::::
human

::::::
activity.

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 less than1 s. The

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 s, and0:5 s. The same pattern can be seen in broadband stations located in Italy (D'Alessandro et al., 2021).250

::::::
During

:::
the

::::::
daytime

::::::::::::
anthropogenic

:::::::
sources

::::
(e.g.

::::::::
factories,

::::::
of�ces,

:::::
public

:::::::::
buildings,

:::::::
vehicles)

::::
may

::::::
enrich

:::
the

:::
low

:::::
period

:::::::
portion

::
of

:::
the

::::::::::
background

:::::
noise.

::::::
During

:::::::::
nighttime,

:::::
most

::
of

:::::
these

::::::::
activities

:::
are

:::::
either

:::::::
reduced

::
or

::::::::::
completely

:::::::
stopped.

::
In

::::::::::
North-East

::::
Italy,

:::::
there

:::
are

::::::
several

:::::::
stations

::::
with

:::::::::
relatively

:::
low

::::::::::::::::
daytime-nighttime

:::::::::
difference.

::::::
These

:::::::
stations

:::
are

::::::
located

:::
far

:::::
away

:::::
from

::
all

::::::::::
settlements

:::
and

:::::::
located

:::
on

:::::::::::
mountainous

::::
parts

:::
of

:::::
Italy.

::
A

::::::
similar

:::::
trend

::::
can

::
be

:::::
seen

::
in

::::::
central

:::::
Italy

::
in

::::::
0:25 s

:::
and

::::
0:5 s

:
.

::::::::::::::::::::
Le Gonidec et al. (2021)

::::::
showed

::::
that

::::::
vehicle

:::::
noise

::::::
enrich

:::
the

:::::::
periods

:::::::
between

:::::::
0:067 s

:::
and

:::::
0:1 s

:
in

:::::::
seismic

:::::::
signals.

::
In

:::::
0:1 s255

:::::::::
nationwide

:::::::
daytime

:
-
:::::::::
nighttime

::::::::
difference

::::
can

::
be

::::::
linked

::
to

:::::::
vehicles

:::::::
whereas

:::
in

::::::
periods

::::::
0:25 s

:::
and

:::::
0:5 s

::::
other

::::::::::::
anthropogenic

8



:::::
noises

::::
(eg.

:::::::::
movement

::
of

::::::::::
individuals)

:::
can

:::
be

:::::
active.

:::
In

::::
both

:::::::::
North-East

::::
and

::::::
central

::::
Italy,

:::::
these

:::::
noises

::::
can

::
be

::::::::
minimal.

::::::
Hence

::
in

::::::
daytime

::
-

::::::::
nighttime

:::::
power

::::::
change

:::::
there

::
is

::
no

:::::::::
signi�cant

:::::::::
difference.

:

In the weekday - weekend variations, the same pattern can be followed in short periods. Figure??shows that weekdays were

noisier with respect to weekends in almost all stations. The noise level changes are consistent with the changes in weekly human260

activities.
::::
Most

::
of

:::
the

::::::
banks,

::::::
public

::::::::
buildings,

:::
and

::::::
of�ces

:::
are

:::
not

:::::::
working

:::
on

::::::::
weekends

:::
and

:::
on

:::::::
Sundays

::::::::::
commercial

::::::::
activities

::
are

:::::::
reduced

::::::
which

::::
may

::::
limit

:::::::
human

::::::::
activities.

::::::
Hence,

::
in

:::::
short

:::::::
periods,

:::
the

::::::::::
background

:::::
noise

::
of

:::::::::
weekdays

::
is

:::::::::
dominated

:::
by

:::::::::::
labour-related

::::::::
activities.

:::
As

::
in

:::::::
daytime

::
-

::::::::
nighttime

::::::::::
differences,

::
in

::::
both

:::::::::
North-East

::::
and

::::::
central

::::
Italy,

:::::
there

:::
are

:::::::
minimal

::::::
power

::::::
change

:::::::::
differences

:::
and

:::
the

:::::
same

:::::::::::
interpretation

:::
can

:::
be

::::
done

:::
for

:::
the

::::::::
weekday

:
-

:::::::
weekend

::::::::::
differences.

:

In the medium range periods, there are multiple noise sources that have been identi�ed by previous studies (Figure 1).265

Cauzzi and Clinton (2013) stretches the cultural noise up to3 s whereas D'Alessandro et al. (2021) indicates that wind and

swell related noises are dominant between1 sto 10 s. Consequently, variations in the noise sources in2 sand5 scan be found

by analyzing the daily, weekly and seasonal changes.

Day and night differences
::
in

:::::::
medium

:::::
range

:::::::
periods follow the trend that is seen in shorter periodsin mostof thenetwork.

However,in
:::::
except

::
in

:::
1 s.

:::
In 1 s the day and night differences are nulled at most stations with the notable exception of the270

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 in1 s, and the noise levels do not change during the night, which means that the anthropogenic

effects are not the dominant source. Even though in2 sand5 sthere is a general trend of having higher noise levels during the

daytime, the power change is very small (0:11 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 noise levels. Thereis noclearcorrelation275

betweenthenoiselevel at RAN stationsandtheir
:
:

::::::::
analyzing

:::
the

:::::
trend

::
of

::::::
median

:::
and

:::::::::
variability

::
of

:::::
noise

:::::
levels

::
at

:::
the

:::::::
stations

::
as

:
a

:::::::
function

::
of

:::
the

:
distance to the coastline

::::::
(Figure

::::
S3),

::
no

::::::
evident

::::::
pattern

:::::::
emerges, as also shown in Figure 6.

::::::
Almost

:::::::
starting

::::
from

:::
1 s

::::::::::
background

::::
noise

::::::
levels

::
do

:::
not

:::::
vary

:::
too

:::::
much

::::
over

:::
the

:::::::
network

:::::::
(Figure

::
4)

:::
and

:::
the

::::::
effect

::
of

::::
sea,

::::
swell

::::::
and/or

:::::
wind

:::::
effect

:::::
should

:::
not

:::::::::::
signi�cantly

::::
alter

::
by

:::::
these

::::::
forces.

Considering weekly variations, stations become noisier on weekends
:
�

::::
1 swith decreasing power changewith increasing280

periods. In the Po valley, the general trend of a high noise level diminishes starting from2 sin average and in the same periods,

unlike the day and night difference, weekends follow the same trend.

In longperiods,
::
In

:::
1 s

:::::
central

::::
Italy

:::
has

::::::
almost

:::
the

:::::
same

::::
noise

:::::
levels

:::::::
between

:::::::::
weekdays

:::
and

::::::::
weekends

::::
and

::
in

::::
both

:::
1 s

:::
and

:::
2 s

::::::
several

::::::
stations

::
in

:::::::
Central

::::
Italy

:::
and

::::::
Sicily

::::::::
coastlines

:::::::
become

::::::
noisier

::::::
during

:::
the

::::::::
weekend.

:::::::
Previous

::::::
studies

:::::::
suggest the effects

of wind, swell, sea,pressure,
:::::::::::
anthropogenic

:::::::
sources,

:::::
wind

:
and instrumentalnoisesare addressedin literatureas the main285

sourcesof thenoise
::::::::
sea-related

::::::::
activities

::
to

::
be

:::::::::
dominant

::
in

::::
those

:::::::
periods.

:::
As

::::
seen

::
in

:::::
lower

:::::::
periods,

::::::
human

:::::::
activity

::::::::
increases

::
the

::::::::
weekday

:::::
noise

:::::
levels

:::::
which

::::::
makes

::
it

::::::::
irrelevant

::::
from

:::
the

::::::::::
observation.

::::
Sea

:::
and

:::::
wind

:::::
might

::
be

:::
the

::::::
source

::
of

:::
the

::::::::::
observation

:
if

::::
they

:::::
could

:::
be

::
in

::::::
Figure

::
6

::::
since

:::::::
neither

::::
wind

::::
nor

:::::::::
sea-related

::::::
noises

:::::
should

:::
be

:::::::
changed

::::::::
between

::::::::
weekdays

::::
and

:::::::::
weekends.

::::::
Hence,

::
we

:::
do

:::
not

::::
have

::
a

:::::::::
reasonable

:::::::::
explanation

:::::
about

:::
the

:::::::::::
phenomena.

::
To

:::::
show

:::
the

:::::::::
signi�cant

::::::
effects

::::
that

:::
the

:::::::
nearby

::::::::::
surrounding

:::
of

:
a

::::::
station

::::
can

::::
have

:::
on

:::
its

:::::
noise

::::
level

::::
we

:::::::::
considered

::::
two290

::::
RAF

:::::::
stations,

::::::
CARC

::::::::
(latitude:

:::::::
45:652,

::::::::
longitude:

:::::::
13:770)

:::
and

::::::
DST2

::::::::
(latitude:

::::::
45:658,

:::::::::
longitude:

:::::::
13:801),

:::::::
located

::
in

::::::
Trieste
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::
(in

::::::::::
North-East

:::::
Italy).

:::::::
Despite

::::
their

:::::::::
proximity

:::::::
(<3 km

:
),

::::
they

::::
have

::::::::
different

:::::
noise

::::::::::::
characteristics.

::::
The

::::::::
selection

::
of

:::::
these

::::
two

::::::::
particular

::::::
stations

::
is

::::::
further

::::::::
supported

:::
by

::
the

::::::::
extensive

:::::::::
knowledge

:::
of

::::
their

:::::
spatial

::::
and

:::::::::::
administrative

:::::::::::
information.

:::::
DST2

::::::
station

:::
sits

::
on

:::::
deep

:::::
Flysh

:::::::
deposits (Figure1). Thedifferencebetweenthenoiselevelsin thewinter andsummerperiodsof 2019can

beseenin Figure??. Unlike in thestudyof D'Alessandro et al. (2021)in which it is statedthat in periodsbetween0:83 sand295

8:33 snoisesarehigherin coastalareaswith respectto the inland,we foundno evidenceof sucha patternfor RAN stations

. This is consistentwith the instrumentalnoiseof
:::
10).

::::::
CARC

::::::
station

::
is

:::::::
located

::
on

:::
the

:::::::
ground

::::
�oor

::
of

:::
the

:::::::
Palazzo

::::::::
Carciotti

:::::
which

::
is

::::::
located

::
in

:::
the

:::
city

::::::
centre

::
of

::::::
Trieste

:::
and

::::
was

::::
built

::
in

:::
the

::::
early

::::
19th

:::::::
century.

::
It

::::::
crosses

::::
with

:::
one

::
of

:::
the

:::::
main

:::::
major

:::::
roads

::
in

:::
the

:::
city

:::::
centre

::::
and

:::
the

:::::::
building

::
is

:::::::::
surrounded

:::
by

::::::::
multistory

:::::::::
residential

:::::::::
buildings.

::::::::::
Historically,

:::
this

::::
area

::::
was

:
a

:::::
salina

::::
and

:::
the

:::
area

::
is

:::::
�lled

::::
with

:
a

:::::
27 m

:::::
depth

:::::::
material

::::
layer

:::::::::::::::::
(Fitzko et al., 2007)

:
to

:::::
cover

:::
up

:::
the

:::::
salina

::
to

::::::
expand

:::
the

:::
city

::
in

:
thestationsbeing300

the main sourceof long periodnoiseassociatedwith accelerometricrecordings,as indicatedby Cauzzi and Clinton (2013).

::::
18th

::::::
century

::::::
(Figure

::::
S4).

:

::
To

:::
see

:::
the

::::::
hourly

:::::::
changes

::
in

::::
noise

::::::
levels,

::::::
90 min

:::::
PSDs

:::
are

::::::
plotted,

:::::::::
separately

::::::
(Figure

::::
11).

::
In

:::
the

:::::
lower

::::::
periods

:::::
(< 1 s)

::::::
where

:::::::::::
anthropogenic

::::::
noises

::::::
prevail,

::::::
CARC

::::::
station

::
is

::::::
noisier

::::::
almost

::
in

::
all

::::
time

::::::
ranges.

::
In

::::
very

:::::
short

::::::
periods

:::::::::
(� 0:025 s)

::::
they

::::::::
converge

:::
but

::
in

::::
such

::::
low

::::::
periods

::::::::::::::
electromagnetic

:::::
noises

::::
can

::
be

:::
the

:::::::::
dominant

:::::
noise

::::::
source,

:::::
hence

::
it

::
is

::::::::
expected

::
to

::::
have

::
a

:::::::::
converged305

:::::::::
background

::::::
noise.

::
In

:::
the

:::::::
daytime

:::::
noise

::::::
levels

::
of

::::::
CARC

::::::
station

::::::::
converge

::
to

:::
the

:::::::
AHNM

::::::::
between

::::
0:2 s

:::
and

:::
1 s

:
.

:::
For

:::::::
periods

:::::
above

::::
0:5 s,

::::
day

:::
and

:::::
night

:::::::::
differences

:::
are

::::::
similar

::::::
which

::::
may

::::::
suggest

::::
that

::::::::::::
anthropogenic

::::::
sources

:::
do

:::
not

::::
have

:
a
::::::
major

::::
role.

:::
On

::
the

:::::
other

:::::
hand,

::
in

::::::
shorter

:::::::
periods

:::::
there

:::
are

::::
clear

::::::::
day-night

:::::::
patterns

::
at

:::::
both

:::::::
stations.

:::::
DST2

::::::
station

::
is

::::::
located

:::
in

:::
the

::::::::
basement

::
of

:
a

:::::
small

::::::::
two-story

:::::::::
university

:::::::
building

::::::::::::::
(accommodating

:::
just

:
a
:::::::
library,

:
a

::::
few

::::::
of�ces,

:::
and

::
a

::::
study

::::::
room)

:::::
where

::::::
human

:::::::
activity

:
is

::::::
rather

::::::
limited

::::
both

:::::
inside

::::
and

:::::::
outside.

:::::::::
Moreover,

:::
the

:::::::
building

::
is

:::
not

::::::
located

::::
near

::::
any

:::::
major

:::::
road.

::::::::
Different

::::::::::::
environmental310

:::::
factors

::::
may

::::
play

::
a

:::
role

::::
with

::::::::
changing

::::::
period

::
of

:::
the

::::::::::
background

:::::
noise.

:::::
Both

::
of

:::
the

:::::::
stations

:::
are

::::::
located

:::::
inside

:::::::::
buildings,

:::::
hence

::::
wind

:::::
effect

::::::
should

::
be

::::::::
minimal.

:::
For

:::::::
periods

:::::
longer

::::
than

::::
10 s

:
,

::::
both

::::::
stations

:::::
have

::::::
similar

::::::::::
background

:::::
noise

:::::
levels

:::
and

:::
the

:::::
same

::::
trend

::::
with

:::::::::
increasing

:::::::
periods.

::
As

::::::
shown

::
in

:::::
Table

::
5,

:::
308

:::
of

::
all

:::::::
stations

::::::
exceed

:::
the

::::::
AHNM

:::
for

::
at

::::
least

::::
one

::::::
period.

::::::::
However,

::
by

:::::::::
comparing

::::
with

:::
the

:::::::
P-wave

:::::
corner

::::::::::
frequencies

::
by

:::::::::::
Brune (1970)

:
,
::::
even

:::
the

::
10

:::::::
noisiest

:::::::
stations

::::::::::
theoretically

:::::
detect

:::
the

::
P

::::
wave

::::::
arrival

::
of

:::::::::
magnitude

:::
2:7

:::::
event315

::::::
starting

::::
from

::::::
1 km

:::::::
epicentral

::::::::
distance

::::::
(Figure

::::
S5).

:::::
Since

:::
the

:::::::
purpose

::
of

:::::
RAN

:
is

:::
to

:::::
record

:::::
peak

:::::::::
amplitudes,

:::::
those

:::::::
stations

:::
are

:::::
useful

::::
even

:::
for

::::::::::
earthquakes

::::
with

::::::
smaller

::::::::::
magnitudes

::::
and

:::::
longer

::::::::
epicentral

:::::::::
distances.

:::::::::
Measuring

::
the

::::::::::
background

:::::
noise

:::::
levels

::
of

:::
the

:::::
RAN

:::::
allows

::
us

::
to

::::::::::
understand

::
the

::::::::::
earthquake

:::::::
detection

:::::::::
capability.

:::
As

::::::::
presented

::
in

:::::
Figure

::
4

::::::::
detection

::
of

::::::
M � 3

::::::::::
earthquakes

::
is

:::::::
possible

::
by

::::::::
near-fault

:::::::
stations

::
in

:::
raw

:::::::
signals

::::
with

:::
the

::::::
stations

::::
near

:::
the

::::::::
IAHNM.

::
In

::::::
median

:::::
noise

:::::
level

::
it

::
is

:::::::
possible

:::
to

:::::
detect

:::::::
M � 2

::
in

::::
near

:::::
fault.

:::::
DPC

:::::::
publish

::::::::
M � 2:5

::::::::::
earthquakes

:::
in

:::::
quasi

:::
real

:::::
time320

:
(https://ran.protezionecivile.it/EN/,

:::
last

::::::
access:

:::::::::::
02/08/2023).

::::
Data

:::::::
�ltering

:::::::::
algorithm

::
of

:::::::::::::::
Gallo et al. (2014)

::::::
allows

::
us

::
to

::::::
reduce

::
the

:::::::::::
background

:::::
noise

::
to

:::::
detect

:::::::
ground

::::::
motion

:::::::::
parameters

:::
up

::
to

::::::::
100 km

::::
away

::::
from

::::
the

::::::::
epicenter

:::
for

:::::::
M = 2 :5

:::::::::::
earthquakes

::::::
(Figure

::::
S6).

::::
Even

::::::
though

:::::::::::
earthquakes

::::
with

:::::
small

:::::::::
magnitudes

:::
are

:::::::
located

::
by

:::
the

::::::::
network,

::::
they

:::
are

:::
not

::::::::
published

::
to

:::
the

::::::
public

:::::::::::::::
(Costa et al., 2022)

:
.

In Figure 6, there are some areas that follow the pattern found by D'Alessandro et al. (2021), such as in Naples, noise325

levels are higher than in the stations that are East of Naples inland. In1 s only the stations in Naples are in agreement with
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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

::::
and

:::::
swell

:::
are

:::
the

::::::::
dominant

:::::
noise

::::::
sources. 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 noisier330

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 sources

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.335

5.1 COVID-19 Lockdown

Previousstudiesshowedthat during the COVID-19 lockdown therewas decreasein noise levels due to the reductionof

human-relatedactivities,andasrecordedby bothbroadband(????????)
:::
The

::::::
model

::
by

::::::::::::::::::::::
D'Alessandro et al. (2021)

:::
has

:
a
:::::::
notable

::::::::
relevance

::::
with

:::
our

:::::
study

:::::
since,

::::
�rst,

::
it

:::::
covers

:::
the

:::::
same

::::
area

::
of

::::::
interest

::::
and,

:::::::
second,

::::::
spatial

::::::::
variability

:::
of

::::
their

:::::
model

:::
has

:::::
been

::::::::
developed

:::
by

:::::
means

::
of

:::
the

::::::
inverse

:::::::
distance

::::::::
weighted

::::::
method

::::::::::::::::::
(Lu and Wong, 2008).

::::::
H INM ::

of
:::
the

::::::::::::::::::::::
D'Alessandro et al. (2021)

::
is340

:::::
almost

::::::::
identical

::::
with

::
the

::::::::
IAHNM

:::::::
between

:::::
0:05 s

:::
and

:::::
0:3 s

::::
which

:::
are

::::::
higher

::::
than

::
the

:::::::
AHNM

:::
and

:::::::
NHNM

::
of

:::::::::::::::::::::::::::::::::::
Cauzzi and Clinton (2013); Peterson (1993)

:
.

:::
The

:::::::::
agreement

:::::::
between

:::::::
IAHNM

::
in

::::
low

::::::
periods

:::::::
indicates

::::
that

::::
both

:::::::::
broadband and strong motion(??) stations.? foundaclear

noiselevel drop in Tokyo metropolitanareain Japan
:::::::
networks

::
in

::::
Italy

:::
get

:::::::
affected

:::
by

:::
the

::::::::::::
anthropogenic

::::::
noises

::
in

:::
the

:::::
same

::::
order

::
of

:::::::::
magnitude

::::
and in periods between0:05 sand1 s. ? foundthat in Sicily (Italy) 0:1 sandlower periodshavethemost

noiselevel reductionin COVID-19 pandemic.? found thatbackgroundnoiselevelsof numerousseismicstationsall around345

theglobereducedup50 %duringCOVID-19 lockdown
::::
0:1 s

::::::::::::
anthropogenic

:::::
noises

::::
have

:::::
larger

::::::
effects

:::
on

::
the

:::::::
seismic

::::::::
networks

with respect tothe averagebackgroundnoiseof the previousweeksbeforethe lockdown.It affectednot only the densely

populatedcitiessuchasLondonandParisbutalsorelativelylesspopulatedareassuchasBarbadosandFaroeIslands.

Human-relatedactivitiesaffectRAN stationssigni�cantly sinceseveralof themarelocatedinsideor nearpublic buildings.

Theseactivitieswerereducedduring the lockdownperiodof the COVID-19 pandemic,sinceindividualswereonly allowed350

to movewithin 500 mfrom their homesandonly essentialworkerswereexemptfrom thedistancerestrictions.Many public

institutesworked remotely in most of their units, which also reducedhumanactivity in public buildings. This led to the

reductionin noise levels shownin Table ??. In the 0:1 s, there is almost2 dB noisereductionbetweenthe mediannoise

differencebetweenlockdown and no - lockdown time periodsat the stations(Figure ??a). The differencehasthe lowest

reductionin 1 sbut the noiselevelsarehigherduring this period
::::
Swiss

::::
and

:::
the

:::
US

:::::::
seismic

:::::::::
networks.

::::::
Around

::::
1 s

::
the

:::::
most355

::::::::
signi�cant

::::::::::
divergence

::::::
among

::::::
higher

::::
limit

:::
of

:::
the

:::::::
models

::
is

::::::::
observed.

:::::::
AHNM

::::
and

:::::::
NHNM

:::
are

:::::
close

::
to

:::
the

:::::::
median

::
of

::::
our

:::::::
network

:::
and

:::
the

:::::::
IAHNM

::
is

:::::
about

::::::
10 dB

:::::
higher

::::
than

::::::
them.

:::::::::::
Interestingly,

::::::
H INM :::

has
::::
even

::::::
higher

:::::
noise

:::::
levels

:
with respect to

AHNM (Figure6). In Apenninestherearenumerousstationswhosenoiselevelsbetween0:5 sto 2 shavenotbeenaffectedby

thelockdown(Figure??c-e).Sincefor periodsgreaterthan5 stheinstrumentself-noiseis thedominantsource,aspreviously

described,welimited ouranalysisof theeffectof thelockdownto periodsupto 5 s. Forall theperiodsconsidered,thelockdown360
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periodis on averagequieterduringdaytimethanthe2019- 2022, with anaveragenoiselevel reductionof 1:0 dB
:::
our

::::::
model.

:::::::
Between

:::
5 s

:::
and

::::
10 s

::::
other

:::::::
models

:::::::
converge

::::::::
whereas

:::
our

:::::
model

::::
has

:
a

:::::::::
completely

::::::::
different

:::::
trend.

:::
As

:::
we

::::::::
discussed

::::::
before

:::
our

:::::
model

::
is

:::
not

:::::::::
susceptible

::
to

::::
any

::::::::::
long-period

::::::
trends.

::::::
AHNM

::::
and

:::::::
IAHNM

::::
have

::::::
similar

::::::
trends

:::
for

::::::
periods

:::::
above

::::
10 s

::
as

:::::::
AHNM

::::::::
developed

:::
by

::::
using

::::::
strong

::::::
motion

:::::::
stations.

Thechangebetweendaytimeandnighttimearevisibleespeciallyonshorterperiods(� 0:5 s, Figure??a,c,e).Changesin the365

daytimearemoresigni�cant thanthechangesin thenighttimebetweenthelockdownandno-lockdowntimespan.All stations

arenoisierboth during the daytimeandnighttimein periodsshorterthan0:5 s, whereas,in periodsof 1 sand2 s, stationsin

the Apennineshavesimilar powerchangein both daytimeandnighttime.Thereis a cleartrendof noisierday andnight in

SouthernItaly in 2 sandit canbepartially tracedin 5 s. Eventhoughnumerousstationshaverelativelyhighnoiselevelsin 2 s

(Figure6e),thereis noparticularpatternin this periodwith respectto otherpartsof Italy.370

5.1 CaseStudy: StationsLocated in Trieste

To showthe signi�cant effectsthat the nearbysurroundingof a stationcanhaveon its noiselevel we consideredtwo RAF

stations,CARC (latitude:45:652, longitude:13:770) andDST2 (latitude:45:658, longitude:13:801), locatedin Trieste(in

North-EastItaly), that despitetheir proximity (<3 km) show signi�cant differences.The selectionof thesetwo particular

stationsis furthersupportedby theextensiveknowledgeof their spatialandadministrativeinformation.375

DST2stationis locatedin thebasementof oneof theMathematicsandGeosciencesDepartmentbuildingsof theUniTSthat

sitsonadeepFlyshdeposits(Figure10).CARCstationis locatedontheground�oor of thePalazzoCarciottiwhich is located

in thecity centerof Triesteandwasbuilt in theearly19thcentury.It crosseswith oneof themainmajorroadsin thecity center

andthebuilding is surroundedby multistoryresidentialbuildings.Historically, this areawasa salina(Figure??) andthearea

is �lled with a27 mdepthmateriallayer(Fitzko et al., 2007)to coverup thesalinato expandthecity in the18thcentury.380

In Figure11,medianof lockdownandno-lockdownperiodsarepresented.In orderto seethehourlychangesin noiselevels,

90 min PSDsareplotted,separately.In thelower periods(< 1 s) whereanthropogenicnoisesprevail,CARC stationis noisier

in bothtime ranges.In

:::
The

::::::
second

:::::::::
important

:::::::
outcome

::
of

:::
the

:::::::::::::::::::::::
D'Alessandro et al. (2021)

:
is

::
to

::::::
model

:::
the

:::::
spatial

::::::::
variance

::
of

:::
the

:::::
noise

::
of

:::
the

::::::
Italian

::::::::
broadband

::::::::
network

:::
for

:
4

::::::::
different

::::
band

::::::
period

::::::
bands.

::::
This

::::::
allows

::
us

:::
to

:::::::
calculate

:::
the

::::::::
predicted

:::::
noise

::::::
levels

:::
for

::::
most

::
of

::::
our385

:::::::
stations.

::
To

:::::::
compare

::::
our

::::
noise

:::::
levels

::::
with

:
thedaytimenoiselevelsexceedtheupperlimit of Cauzzi and Clinton (2013)model,

whereasin nighttime they are closeto the upper limit. During the lockdown,both stationshavelower amplitudesin low

periodsthat canbe associatedwith the reductionin the humanactivities.At CARC station,thereis signi�cant decreasein

noisebetween20:00andmidnight.Between0:08 sand1 s, mediannoiselevelsaredecreased8:68 dB and2:36 dB for DST2

andCARC stations, respectively.390

It is worth to considerthatSanGiovannicampusof theUniTS, whereDST2 is located,is an isolatedareawithin thecity

wherealmostall humanactivitiesceasedduringthelockdown.Ontheotherhand,beinglocatednearoneof thecity roadartery,

CARC wasstill affectedby the limited humanactivity presentduring the lockdown,hencethe minor reductionin the noise

levels.
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5.1 VehicleNoise395

As mentionedbeforein Section1 someof theseismicstationsarepositionedin public buildings,locatedin urbanareasand

connectedby convenienttransportationinfrastructure.Consequently,thesestationsproviderelatively noisy recordingswith

carsbeingoneof themainnoisesources.

To demonstratethe effect of the cars in seismicnoisemeasures,PLTA (latitude: 41:886, longitude:14:789) station is

chosen(Figure??). Thestationis locatednextto themunicipalitybuildingof Palata
:::::::::
predictions

::
of

:::::::::::::::::::::::
D'Alessandro et al. (2021)400

::
we

::::::::
calculate

:::
the

:::::::
median

::
of

:::::::
periods

::::
that

:::::
reside

::
in

:::
the

::::::
limits

::
of

:::
the

::::::
bands.

::::
The

:::::::::
difference

:::::::
between

:::
the

:::::
noise

::::::
levels

::
in

:::::
RAN

::::::
stations

::::
and

:::
the

:::::
model

:::::::::
developed

:::
by

::::::::::::::::::::::
D'Alessandro et al. (2021)

:::
can

:::
be

::::
seen

::
in

::::::
Figure

:::
??.

::
In

:::::
Band

:::
IV

:::::::
(0:033 s

::::::::
� T> 0:1 s)

:::
of

::::::::::::::::::::::
D'Alessandro et al. (2021)

:::::::::::
anthropogenic

:::::::
sources

:::
are

::
the

::::::::
dominant

::::::
source

::::
type

:::
and

:::
the

:::::
major

:::::
cities

::
of

::::
Italy

::::
(e.g.

::::::
Milan,

::::::
Rome,

:::
and

:::::::
Naples)

::::
have

:::::
higher

:::::
noise

::::::
levels.

::
In

:::
this

:::::
band

::::::::
difference

::::::::
between

:::
the

::::::::::
background

::::
noise

::
of

:::::
RAN

::::
and

:::
the

:::::
model

:::::::::
prediction

:::
has

::::::
greater

::::::
values

::
in

:::
the

:::::::
regions

:::::
where

:::
the

::::::
model

:::::::::
prediction

::
is

::::::::
relatively

:::
low

:::::
such

::
as

::::::::::
North-East

::::
Italy

::::
and

::::::
several

::::
parts

:::
of405

:::::
South

::::
Italy.

::::::
There

:::
are

:::::::::
numerous

::::::
stations

:::::
with

::::::
almost

::
no

:::::::::
difference

:::::::
between

::::
the

::::::::
prediction

::::
and

::::::::::
observation

:::
but

:::::
there

::
is

:::
no

:::::
overall

:::::
trend

:::
in

:::
any

:::::::::::
geographical

::::::::
location.

:::::
Since

:::::::
sources

::
of

::::
the

:::
low

::::::
period

::::::
noises

:::
are

::::
very

:::::
local,

::::
the

::::::::
difference

:::
is

::::::
mostly

::::::::
dominated

:::
by

:::::
local

::::::
effects.

::::::
Hence,

:::::
there

:::
are

::::::::
numerous

:::::::
stations

::::
with

::::::
almost

::::
zero

::::
dB

::::::::
difference

:::::::
located

::::
near

::
to

:::::::
stations

::::
with

:::::
larger

:::::::::
differences in Central Italy, whichhas2 intersectionswithin 50 m. Carsaredetectedin seismictracein 13daysof 2019

by visually analyzingthedata.In total,7289car-relatedsignalswith time durationbetween5 sand20 sarechosenfor further410

analysisin which FastFouriertransforms(FFTs)arecalculated(Figure??). In Figure??, it canbe seenthat the frequency

contentof theanalyzedcar-relatedsignalsandpeaksin PSDoverlapwhich meansthatin theperiodrangebetween0:95 sand

0:06 s, carscanbeconsideredasthemainsourceof thenoise.
::
In

:::::
Band

:::
III

::::
both

::::::
natural

:::
and

::::::::::::
anthropogenic

::::::
sources

:::
are

::
in

::::::
action

:::
and

:::
the

::::::::
difference

::::::::
between

:::
the

::::
noise

:::::
levels

:::
in

:::::
major

:::::
cities

:::
and

::::::::
relatively

::::
rural

:::::
areas

::
of

::::
Italy

::
is

:::
can

:::
be

::::
seen

:::::
easily

::
in

:::
the

::::::
model

::
of

:::::::::::::::::::::
D'Alessandro et al. (2021).415

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 over90 min windows of signals using continuous recordings acquiredbetween2019and
::
in 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. It is found that a signi�cant number of stations (up to51:3 %of420

all stations) havenoiselevelshigherthan
:::::
higher

:::::
noise

:::::
levels

::::
than

:::
the

:
AHNM that is de�ned for accelerometers in Switzerland

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

(e.g., strong earthquake) situations. Even though some of these stations are noisy (e.g.,CSA7
:::::
Table

:
5), they are well capable of425

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

Thesurroundingconditionsfor RAN stationswithin settlementsarevariableandhavenoticeableeffectson thenoiselevels.

Thecomparisonof CARC andDST2stations,locatedlessthan3 km apart,clearlydescribesthis situation.It alsohighlights430

anothercommonproblemfor stationsinstalledin settledareaswhich is thepresenceof vehiclenoisethat is dominantin the

shortperiodrange(Figure??). Fromthecomparisonwecanconcludethatby carefullyconsideringthesurroundingconditions

for thestationplacementis possibleto recordhighqualitydatawithout compromisingthecoverageof theareaof interest.

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 than435

nighttime.This trendcanbeseenin somestationsalsoin longerperiods,but it cannotbegeneralizedto thewholenetwork.

:::
The

:::::::::
difference

:
is

::::::::
relatively

::::
low

::
in

:::
the

:::::::
stations

::::::
located

::
on

:::
the

:::::::::::
mountainous

::::
parts

:::
of

:::::::::
North-East

::::
Italy.

:

In the longer periods (� 1 s), unlike various previous studies, our analysis has not found any evidence of the swell and

sea effect on noise levels (between1 sand40 s) with no clear pattern arising considering stations at different distance to the

coastline (Figure 6).Additionally, no seasonalpatternhasbeenfound in very long periods(� 5 s, Figure ??). In periods440

between2 s to 5 s 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).

During theCOVID-19 lockdownin Italy (from Marchto May 2020) noiselevelsarereduceddueto severalmeasuresthat445

limited thehumanactivity. Its effectcanbeseenfor all theconsideredperiodswith anaveragereductionin thenoiselevel of

1:0 dB (andup to 2:9 dB at 0:0625 s) duringthedaytime.Theeffectof thelockdownalsoaffectedtheweekdayandweekend

variationsof thenoiselevels.

Thanksto thecontinuousdataacquisitionin RAN, furtherstudiesrelatedwith backgroundnoisecanbecarriedout in future.

Thehigh densityof RAN stationscanbeleveragedto performlocal andregionalstudiesof noiselevel variations.Moreover,450

nationallevelbackgroundnoisemodelscanbedevelopedsimilar to D'Alessandro et al. (2021).

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
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Figure 1. Main noise sourcesfor
:
at

:
different periodbands

:::::
periods 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).
:::
The

::::::
hatched

:::::
bands

:::::::
represent

::
the

:::::::::::::
one-third-octave

::::
bands

::::
used

::
for

:::
the

:::::::
analysis.
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Figure 2. Data
:::
PSD

::::
time

:::::
series availability of thestations

::::
RAN in a)2019,b) lockdownperiod,andc) 2022. Thecloseup

::::::
close-up

:
boxes in

::
the

:
lower left and upper right highlight ISNet (IX) and RAF (RF), respectively. Basemap data are retrieved from © Stamen Design.
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PSDtimeseriesfor randomlyselected20 stationsin periodsof 0:1 s, 0:25 s, 0:5 s, 1 s, 2 s, and5 s. Thelimits

of thecolor scalearebasedon themodelsby Cauzzi and Clinton (2013).

Medianverticalcomponentnoisemapsin one-thirdoctavebandsarounda-g)0:1 s, 0:25 s, 0:5 s, 1 s, 2 s, 5 s, 16 s, 32 s, and80:6 s. Upper

andlower limits of thecolorbararede�ned by themodeldevelopedby Cauzzi and Clinton (2013). Vertical componentsarepresentedin

thefollowing �gures andElectronicSupplement.Backgroundnoiselevelsof all calculatedperiodscanbefoundin FigureS1.Basemap

dataareretrievedfrom StamenDesign.
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