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Abstract:FromMarch 23rd toMay 3rd 2020, Italy underwent
a complete lockdown in the attempt to contain the spread
of the pandemic due to Covid-19 outbreak. During this pe-
riod, a new kind of environment has been experienced in
all cities, resulting in an abatement of traffic noise levels.
Consequently, due to the prohibition of all non-essential
activities, traffic noise dynamics changed as well. In this
paper, we analyse the data recorded from the permanent
noise monitoring network installed in the pilot area of the
city of Milan, Italy. The results show how, besides a dra-
matic reduction of the noise levels (about 6 dB on aver-
age), also the noise pattern was profoundly changed. This
is particularly important in the framework of DYNAMAP, a
statistically based European project able to predict traffic
noise over an extended area based on the noise recorded
by limited number of monitoring stations. The change of
the traffic dynamics, resulting in different noise patterns
of the normalized hourly median profiles for each sensor,
pose some limitations about theuse of suchpredicting tool
during extraordinary situations such as that experienced
during a lockdown.
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1 Introduction
Noise maps are gaining increasing importance as means
for evaluating the noise exposure of the population, espe-
cially after the publication of the Directive 2002/49/EC [1]
and the 2018 WHO Environmental noise guidelines [2] re-
porting dose harmful effects of noise on health. Indeed,
strategicmapsandActionPlans represent a vigorousboost
for noise prevention and control [3, 4] and have become a
common tool for local intervention measures and policy-
making [5, 6]. Noise mapping are rapidly progressing to-
wards the description of more realistic scenarios through
the implementation of techniques of sound source recogni-
tion, predictive models and vehicles speed assessment [7–
14].

On this topic, long-term investigations in Europe have
been undertaken by permanent monitoring across cities
such asMadrid, Rome, Paris, Milan and Rotterdam [15–19].

In particular, the European project DYNAMAP [20],
has been developed to capture the time variation of noise,
thus accounting for a more realistic impact of noise ex-
posure in large urban [18] and suburban areas [16]. DY-
NAMAP has a strong statistical structure that is displayed
by the similar dynamic behaviour of roads making up the
urban network. The idea that noise emission from a street
generally depends on its activity, its use in the urban con-
text rather than strictly from its geometric characteristics,
suggested an approach based on a categorization method
for the analysis of urban noise. It lies on the generally ac-
cepted assumption that road traffic is the most important
source of noise in towns, and can therefore be considered
the main cause of its spatial and temporal variability [21–
23].

This concept arose by analysing the traffic noise
recorded from 93 sites distributed all over the city of Mi-
lan [24]. The analysis showed that roads tend to agglomer-
ate around two distinct temporal dynamics,

Group (a): Roads presenting a strong variation between
day and night noise levels.

Group (b): Roads presenting less variation between day
and night noise levels (similar noise levels dur-
ing the whole day).

https://doi.org/10.1515/noise-2020-0023


Investigation on clusters stability in DYNAMAP’s monitoring network during Covid-19 outbreak | 277

This behaviour is strictly correlated with a non-
acoustic parameter, x, known for each road and associated
to the logarithm of the total traffic flow (i.e. x = log Tt). The
latter is related to a model calculation of the traffic flow
on that road stretch. Here, we have used the traffic model
developed by the Municipal Agency for Mobility, Environ-
ment and Territory (Agenzia Mobilità Ambiente e Territo-
rio, AMAT), in charge of the transportation policy in the
city of Milan.

In this way, roads belonging to Group (a) have been
found to be associated with a low value of x. Indeed, a
low total traffic flow is generally found in roads present-
ing high traffic flow variability between day and night (lo-
cal and secondary roads). Group (b) ismainly composed of
roads with high x values. Roads with high capacity traffic
flows belong to this group. Just as a reference value, a pre-
vious work showed that the “hard” threshold, xh, between
the two groups is xh = 4.45 [25].

Therefore, each non-monitored road in principle can
be associated with one of these two noise behaviours. DY-
NAMAPhas been implemented in a pilot area consisting of
about 2000 road segments, which can be attributed to one
of the two clusters according to their known non-acoustic
parameter.

The statistical character of DYNAMAP allows the use
of a limited number of noisemonitoring sensors (24 in this
particular case) to capture the traffic dynamics variability
within the pilot area. For convenience, the entire range of
variability of the non-acoustic parameter has been divided
into six groups (in principle, they are two), and each group
of roads is represented by the same noise map. The latter
is the result of two contributions:

(1) A reference static contribution obtained from the
CadnaA software.

(2) A dynamic contribution retrieved from the 24 field
monitoring stations [26].

The dynamic map of the whole pilot area is then ob-
tained by energetically summing the static contribution of
each map (1) and its dynamical variation (2).

As mentioned above, DYNAMAP is a dynamic noise
mapping tool based on statistics able to generate a noise
map on an extended area assuming that the mean noise
trend profiles of each road in the mapped area remain sta-
ble. This paper is devoted to the analysis of the changes
in the dynamic characteristics of the monitoring network
of DYNAMAP in order to establish the validity of its predic-
tion capability.

2 Materials and methods
The entire DYNAMAP network, built on 24 class 1 monitor-
ing stations, has been used to investigate the noise level
changes generated by the different sound sources over
the studied period. In addition to this, we can count on
a database of acoustic measurements recorded from Au-
gust 2017 (DYNAMAP’s kick-off). This is particularly impor-
tant considering the aim of this research to compare the
noise levels recorded during the lockdown and the same
period in 2019. In the following, we present the analysis
of the data recorded from all the monitoring stations. The
recorded noise data refer to the periods corresponding to
the Italian Government measures in reply to Covid-19 pan-
demic, and data treatment is specified according to our
standards:

• Time interval
Analysed period: weekdays from 23rd March to 3rd

May 2020
Reference period: weekdays from 23rd March to 3rd

May 2019
• Data treatment
Identification of missing data due to sensor o�ine
or temporarily out of use.
Removal of noise data for the hours of the day
with unfavourable weather conditions (rain rate > 2
mm/h and wind speed > 5 m/sec) obtained by cross-
checking ARPA Lombardia weather stations (see Ta-
ble 2).
Removal of non-traffic events (e.g. sirens, horns, air-
plane flyovers, noisy human activities, technical fa-
cilities, etc.) bymeans of a built-in AnomalousNoise
Events Detector (ANED) algorithm [27, 28].

The dataset considered consists of recordings of 21
monitoring stations during (23rd March – 3rd May) 2019,
and 22 monitoring stations during (23rd March – 3rd May)
2020. For this analysis, just the weekdays have been con-
sidered. We could not use all the (24) installed sensors
since a few were o�ine. All the information regarding the
employed monitoring stations are listed in Table 1. Since
most of the monitoring sensors are mounted in proxim-
ity or at the façade, the ISO 1996-2 standard [29] proposes
a series of conditions for the location of the microphone
(annex B) and mentions an associated uncertainty for cor-
rection of noise levels due to the reflections if these re-
quirements are not met [30]. Since the morphology of the
façades in reality is very complex, it is difficult to fulfil all
the requirements for in situ measurements. Therefore, to
have a univocal and precautionary data on all the sites, it
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Table 1: Information regarding the employed monitoring stations: Site address, sensor code, position, distance from center of track, obsta-
cles and track width. All sensors are positioned at a 4 m height and they overlook traditional asphalt pavement

Site address Sensor
code

Sensor position Distance
between sensor
and centre of the

track [m]

Obstacles Track
width
[m]

N∘ of
total
lanes

Via Litta Modignani hb106 Building façade 16 No 13.5 2
Via Piero e Alberto

Pirelli (U4)
hb108 Building façade 21 No 17 2

Viale Stelvio hb109 Building façade 15 Trees 22.3 4
Via Melchiorre Gioia hb114 Railing 18 No 30 4

Via Fara hb115 Building façade 11 No 8 1
Via Moncalieri hb116 Building façade 15 No 11 2
Viale Fermi hb117 Building façade 35 Trees 30 6

Via Baldinucci hb120 Building façade 10 Hedge 7 2
Via Piero e Alberto

Pirelli (U6)
hb121 Building façade 9 No 17 2

Via Abba hb125 Building façade 12 No 10 1
Via Quadrio hb127 Building façade 8 No 6.5 1
Via Crespi hb129 Building façade 12 No 13 2
Via Maffucci hb133 Building façade 20 Trees 7 1

Via Lambruschini hb135 Building façade 4 No 6.5 1
Via Comasina hb136 Building façade 19 No 8 2

Via Maestri del lavoro hb137 Building façade 6 No 8 1
Via Novaro hb138 Railing 8 Trees 7.5 1
Via Bruni hb139 Building façade 5 No 5 1

Viale Jenner hb140 Building façade 15 No 32 4
Via D’Intignano hb144 Railing 6 No 7 1
Via Fratelli Grimm hb145 Building façade 14 No 7.5 1

Via Veglia hb151 Building façade 9 No 10 2

Table 2: Average weather condition in the two analysed periods

23rd March to 3rd May 2019 23rd March to 3rd May 2020
Number of analyzed weekdays 27 28

Number of rainy days (>2mm per day) 6 6
Average temperature [∘C] 13.6 ± 2.1 13.2 ± 4.4

is possible to consider a correction of−6dB, as indicated in
ISO 1996-2 standard, for microphones installed flush with
the wall.

The monitoring stations are periodically calibrated
(once a year). The calibrator used is a class 1 model 4231
from Brüel & Kjær. The average weather conditions were
approximately equivalent in bothperiods as reported inTa-
ble 2.

In order to get “robust” noise profiles, we calculated,
for each sensor, its median value over the period of in-
vestigation. The median was chosen because it is less

influenced by the presence of outliers. Due to the non-
homogeneity of levels dataset, in particular as a result of
varying monitoring conditions such as different distances
from the road, and also to the characteristics of the street
itself (its geometry, the presence of reflecting surfaces and
obstacles in sound propagation and types of paving), each
value of the temporal serieswas referred to the correspond-
ing daytime level (Leq06−22), taken as the reference value
(normalization).

In this way, we analyse the noise profile of a specific
sensor by focusing on its dynamic behaviour. In order to
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reveal their different behaviours in the dataset, an unsu-
pervised clustering algorithmhas been applied to group to-
gether the hourlymedian level profiles. The following algo-
rithms have been applied: Hierarchical agglomeration us-
ingWard algorithm [31]; K-means algorithm [32]; Partition-
ing Around Medoids (PAM) [33]; DIvisive ANAlysis Clus-
tering (DIANA) [33]; Self-organizing Tree Algorithm (SOTA)
[34]; Clustering Large Applications (CLARA) [33]; AGglom-
erative NESting (Hierarchical Clustering) AGNES [33] and
the corresponding results were compared. The range of so-
lutions for clustering has been set from six groups to two,
the latter corresponding to the minimal discrimination be-
tween the data. Euclidean distance has been chosen as
the metric of the distance among observations. The open
source software “R”, version 1.2.5033 [35], has been ap-
plied for clustering and the package “clValid” [36, 37] has
been used for validating the results of the different cluster
algorithms. All the clustering algorithmshave been ranked
based on their performance as determined simultaneously
by all the validation measures: internal and stability [38–
43].

3 Results and discussion
In order to highlight the effects of the entry into force of the
imposed restrictions to individual motion inside the coun-
try during the period between March and April 2020, we
report also the positive side effects which are reflected on
the resulting acoustic environment.

Among the 24 sites, three of them have been taken as
an example to highlight the differences between the “nor-
mal” reference period (from 23rd March 2019 to 3rd May
2019) and the extraordinary period linked to Covid-19 lock-
down (from 23rd March 2020 to 3rd May 2020).

These three sites belong to two different clusters, with
a low (x = 1.13; cluster 2), intermediate (x = 3.94, value very
close to the separation threshold between the two clusters;
cluster 2) and high (x = 4.85; cluster 1) non-acoustic param-
eter, according to the classification of a “normal” period.
The first is characterized by the presence of an urban local
road (Via LeonardoBruni), surroundedby a school and res-
idential buildings (Figure 1).

The second site is characterized by the presence of
an urban local road (Via Crespi), surrounded by a school,
residential buildings, a chemical industry and a park (Fig-
ure 2).

The third is a representative site near an arterial thor-
oughfare characterized byhigh capacity trafficflows (Viale

Figure 1: Google Earth’s view illustrating the position of hb139
sensor (Group (a))

Figure 2: Google Earth’s view illustrating the position of hb129
sensor (Group (a))

Figure 3: Google Earth’s view illustrating the position of hb117
sensor (Group (b))

Enrico Fermi) in the proximity of Niguarda hospital (on the
right side of Figure 3).

Figures 4-6 (Left panel) display the hourly median
daily profile calculated during lockdown and the same pe-
riod in 2019 for the monitoring sensors hb139, hb129 and
hb117, respectively. For all monitoring sites, the correction
due to façade reflections reported in ISO 1996-2 standard
has not been applied. This means that, as most of the mi-
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crophones are installed flush with the wall, a −6 dBA cor-
rection needs to be applied to Figures 4-6.

For the monitoring sensor hb139, the mean noise re-
duction is by about 5.4 dB with a minimum of 2 dB at 5:00
(IQR of about 8 dB; high variability due to local fluctua-
tions) and a maximum of 9.6 dB at 23:00. For the monitor-
ing sensor hb129, the mean noise reduction is by about 6.1
dB with a minimum of 3.6 dB at 4:00 and a maximum of
10.4 dB at 23:00, and for hb117, the mean noise reduction
is by about 6.1 dB with a minimum of 2.8 dB at 4:00 and
a maximum of 9.8 dB at 23:00. This result underlines a re-
duced trafficflowduring thewhole day (presence of just es-
sential services and activities) and a complete absence of
nightlife. To be noted, the high inter-quartile range (IQR)
recorded for hb139 sensor: a mean value of 3.5 dB for 2020
against 2.3 dB for 2019. This high variability is typical of
local roads where very few vehicles passing by may im-
pact significantly. Conversely, hb129 and hb117’s IQR is far
more stable for the two years with a mean value of ap-
proximately (1.2-2.0) dB. Table 3 reports the mean, mini-
mum and maximum noise reduction and the correspond-
ing time of the day between reference and lockdown peri-
ods for each monitoring station. These results show that
the mean noise reduction ranges between 3.4 and 8.5 dB
with minima concentrated between the night and early
morning (4:00-7:00) and maxima in the late evening.

Figures 4-6 (Right panel) show the timeline of
the equivalent noise level calculated over the daytime,
LAeq06−22, for the reference period and lockdown for the
three consideredmonitoring stations. The timeline is quite
irregular with amean reduction over the entire considered
period of 5.3, 5.0 and 5.8 dB for sensor hb139, hb129 and
hb117, respectively. Irregularities are more likely due to lo-
cal daily fluctuations. Also for this case, a −6 dB correction
needs to be applied.

3.1 Noise pattern stability across the
monitoring network

One of the main results of DYNAMAP project is the strict
link between traffic noise patterns and traffic volumes [22].
This consideration prompted us to analyse the radical
changes triggered by the restriction imposed tomobility in
the country which has been heavily impacted by the pan-
demic of Covid-19.

As already mentioned in the Introduction, the Euro-
pean project DYNAMAP [20] has been developed to imple-
ment a dynamical acoustic map in two pilot areas: a large
portion of the urban area of the city of Milan (Area 9) [18]
and themotorway surrounding Rome [16]. In particular, in

the urban area of Milan a statistical survey and a specific
algorithm have been implemented in order to predict the
traffic noise in an extended area using a limited number of
monitoring sensors and the knowledge of a so called non-
acoustic parameter based on vehicular rate. In particular,
the statistical analysis revealed that roads can be grouped
into two clusters, each one reflecting different traffic noise
patterns [22].

In order to decidewhether the conditions of applicabil-
ity of DYNAMAP’s updating algorithm were still valid, we
compared the noise trends recorded by all the monitoring
stations during lockdown (23rd March- 3rd May 2020) and
the reference period (23rd March- 3rd May 2019). From this
dataset, we removed all anomalous noise event not due to
traffic noise sources [24, 25] andwe excluded all festivities,
weekends, rainy and windy days as described in Sect. 2.

The outcome of the “clValid” R-package performed on
the available median profiles (21 for 2019 and 22 for 2020),
yielded the following ranking (Table 3):

• 2019 median profiles:

1) Hierarchical with Ward algorithm with two
clusters,

2) DIANA with two clusters,
3) AGNES with two clusters.

• 2020 median profiles:

1) Hierarchical with Ward algorithm with two
clusters,

2) AGNES with two clusters,
3) k-means with five clusters.

Table 4 reports the clusteringmembershipobtainedby
applying the Hierarchical clustering with Ward algorithm
with two clusters to both the 2019 and 2020 dataset. The ta-
ble also reports the information regarding the monitoring
sensors, the corresponding non-acoustic parameter x, to-
gether with clustermemberships in the reference period of
“normal” activity and during lockdown. The results show
that in the latter case the 22 monitoring sensors do not fol-
low the distribution into the two clusters obtained for the
reference period. They also show that for the 2019 dataset
the sensors are quite well distributed in the two clusters
with 11 sensors belonging to cluster 1 and 10 sensors to
cluster 2. This result underlines the robustness of the clus-
tering method and the stability of the traffic noise profiles
as already found in the original sampling measurements
taken over the entire city and in a previouswork devoted to
the analysis of the accuracy of DYNAMAP predictions [23].

The results obtained for the lockdown dataset show
that the two clusters are less balanced (8 sensors belong
to cluster 1 and 14 to cluster 2). Moreover, calculating the
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Figure 4: (Left panel) Hourly 24h median LAeqh profile calculated during lockdown and the same period of 2019 for the monitoring sensor
hb139. Hb139 belongs to cluster 2 (Group (a)) with x=1.13 (see Table 4). The coloured bands represent the inter-quartile range. (Right panel)
Timeline of the equivalent noise level calculated over the daytime, LAeq06−22, for the reference period and lockdown. The correction due to
façade reflections reported in ISO 1996-2 standard has not been applied. This means that a −6 dBA correction needs to be applied

Figure 5: (Left panel) Hourly 24h median LAeqh profile calculated during lockdown and the same period of 2019 for the monitoring sensor
hb129. Hb129 belongs to cluster 2 (Group (a)) with x = 3.94 (see Table 4). The coloured bands represent the inter-quartile range. (Right
panel) Timeline of the equivalent noise level calculated over the daytime, LAeq06−22, for the reference period and lockdown. The correction
due to façade reflections reported in ISO 1996-2 standard has not been applied. This means that a −6 dBA correction needs to be applied

Figure 6: (Left panel) Hourly 24h median LAeqh profile calculated during lockdown and the same period of 2019 for the monitoring sensor
hb117. Hb117 belongs to cluster 1 (Group (b)) with x = 4.85 (see Table 4). The coloured bands represent the inter-quartile range. (Right
panel) Timeline of the equivalent noise level calculated over the daytime, LAeq06−22, for the reference period and lockdown. The correction
due to façade reflections reported in ISO 1996-2 standard has not been applied. This means that a −6 dBA correction needs to be applied
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Table 3:Mean, minimum and maximum noise reduction and the corresponding time of the day between reference and lockdown periods for
each monitoring station

Site Sensor
code

Mean noise
reduction

[dB]

Minimum noise
reduction [dB]

Hour

Maximum noise
reduction [dB]

Hour
Via Litta Modignani hb106 3.4 1.8 6.1

07:00 00:00
Via Piero e Alberto Pirelli (U4) hb108 7.1 4.3 12.1

06:00 23:00
Viale Stelvio hb109 4.8 3.1 7.1

06:00 23:00
Via Melchiorre Gioia hb114 6.9 3.6 10.2

05:00 23:00
Via Fara hb115 6.7 4.3 9.3

06:00 23:00
Via Moncalieri hb116 5.3 1.5 10.1

05:00 00:00
Viale Fermi hb117 6.1 2.8 9.8

04:00 23:00
Via Baldinucci hb120 4.9 2.6 8.7

12:00 01:00
Via Piero e Alberto Pirelli (U6) hb121 5.3 2.7 6.8

01:00 03:00
Via Abba hb125 7.1 4.6 11.5

04:00 23:00
Via Quadrio hb127 8.5 3.7 12.2

05:00 23:00
Via Crespi hb129 6.1 3.6 10.4

04:00 23:00
Via Maffucci hb133 5.7 3.3 10.3

05:00 23:00
Via Lambruschini hb135 5.9 −0.1 11.3

04:00 18:00
Via Comasina hb136 3.5 2.0 7.0

03:00 23:00
Via Maestri del lavoro hb137 3.2 1.3 5.5

01:00 19:00
Via Novaro hb138 4.9 2.6 9.0

04:00 23:00
Via Bruni hb139 5.4 2.0 9.6

05:00 23:00
Viale Jenner hb140 4.5 2.3 9.7

07:00/08:00/13:00 00:00
Via D’Intignano hb144 6.8 0.9 13.4

05:00 13:00
Via Fratelli Grimm hb145 6.1 3.2 9.4

05:00 23:00
Via Veglia hb151 N.A.
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Table 4:Monitoring sensor information: code, non-acoustic parameter, x = log Tt, mean total number of vehicles in a day, Tt, cluster
membership for the reference year (2019) and during lockdown. N.A. non-available

Sensor Code x=logTt Tt (vehicles/day) Cluster membership 2019 Cluster membership 2020
hb139 1.13 13 2 2
hb137 1.9 79 2 2
hb125 2.69 490 2 2
hb135 2.89 776 2 1
hb144 2.94 871 2 2
hb108 3.06 1148 1 2
hb145 3.42 2630 2 2
hb115 3.58 3802 2 2
hb116 3.6 3981 2 1
hb120 3.74 5495 1 2
hb133 3.75 5623 2 2
hb106 3.9 7943 1 1
hb127 3.9 7943 1 2
hb129 3.94 8710 1 1
hb121 4.06 11482 1 2
hb138 4.19 15488 2 1
hb136 4.21 16218 1 1
hb151 4.4 25119 N.A. 1
hb114 4.58 38019 1 2
hb140 4.7 50119 1 2
hb109 4.75 56234 1 2
hb117 4.85 70795 1 1

Figure 7:Mean normalized cluster profiles, ∆k, and the corresponding error band for lockdown (left panel) and for the reference period
(right panel); k indicates the cluster index (k = 1, 2). Time resolution τ = 1 hour. The coloured band represents the spread of the sample
distribution around the mean value (sample standard deviation s). In these calculations, the normalized noise level is obtained following
the procedure described in Sect. 2

Spearman’s correlation coefficient between the two ranked
variables, it yields a value of 0.067 showing the complete
absence of correlation between the two clustering results
referring to 2019 and 2020 dataset.

In Figure 7we report themean hourly normalized clus-
ter profiles, ∆k, and the corresponding error band for lock-
down (left panel) and for the referenceperiod (right panel);
k indicates the cluster index (k = 1, 2). The coloured band

represents the spread of the sample distribution (sample
standard deviation s). In this case, the main difference is
found in the evening and night periods where the effect of
lockdown, prohibiting hangouts, produced a complete re-
shaping of the noise patterns.

Regarding the statistical independence between the
two cluster samples, a nonparametric Mann-Whitney-
Wilcoxon’s (MWW) test has been applied to the two distri-
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Figure 8: Two-tailed p-values results from Wilkoxon-Man-Whitney (MMW) test for the two clusters obtained for: (Left panel) Lockdown;
(Right panel) Reference period

Figure 9: Histograms and density distributions as a function of the non-acoustic parameter, x, for Cluster 1 and 2 obtained from the 22
monitoring stations for lockdown period (left panel) and the 21 monitoring stations for the reference period (right panel). Bin size is 0.1

butions in Figure 5 (left and right panels, separately). The
two-tailed p-values for both tests are illustrated in Figure 6.
The reference value set at α = 0.05 significance level, cor-
responding to 95% confidence level, has been drawn to
help interpret the results. Figure 8 (left panel) shows that
the two mean profiles result statistically distinct for eight
hours along the day (hours: from 3:00 to 7:00 and from
18:00 to 20:00), whereas for the right panel, they result
statistically distinct for eleven hours along the day (hours:
from 20:00 to 5:00 and at 16:00).

These results seem to confirm that the effect of lock-
down is to smooth the differences in terms of noise pro-
files among the monitoring sites. Such differences were
mainly concentrated during the night period for the ref-
erence period, whereas during lockdown they get further
reduced. Figure 9 illustrates the histograms and density
distributions as a function of the non-acoustic parameter,
x, for Cluster 1 and 2, obtained from the 22 monitoring
stations during lockdown (left panel) and the 21 monitor-
ing stations for the reference period (right panel). Also in
this case, we can appreciate the spreading of the monitor-

ing stations belonging to the two clusters over the non-
acoustic range underlying the changes of noise patterns.
To be noted that the non-acoustic parameter used for this
analysis is related to the model calculations of the traffic
flow on the whole road network of Milan. Such calcula-
tions refer to a “normal” activity period. They have been
also applied to lockdown period just for a comparison but
cannot be used to identify a threshold value of x to discrim-
inate between the two clusters.

Therefore, these results suggest that the algorithm de-
veloped to calculate and update the dynamic noise map
(DYNAMAP), following the procedure described in the
Introduction, i.e. the predictive capability of DYNAMAP
based on the stationarity of the traffic noise profiles, is no
longer applicable during lockdown because of the change
of the traffic noise dynamic characteristics over the entire
road network.
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4 Conclusions
In Italy, lockdown started on 23rd March, 2020 and ex-
tended until 3rd May, 2020. The extraordinary restrictive
regulation brought to a prohibition of all non-essential
commercial activities, businesses and industries. Conse-
quently, the acoustic environment in all cities changeddra-
matically. The presence of a permanent noise-monitoring
network in the urban area of Milan, developed in the
framework of DYNAMAP project, allowed capturing this
acoustic variation by comparing the sound levels recorded
during lockdown and a reference period (23rd March – 3rd

May 2019). The noise recorded at three sites (in correspon-
dence of the noise monitoring station hb139, hb129 and
hb117) shows a mean reduction of about 6 dB.

Most important is the change in the dynamic be-
haviour of the traffic noise. This arose in the different clus-
tering results obtained on the median normalized hourly
levels, recorded by the monitoring stations in the two pe-
riods of study. The obtained clusters differ both by compo-
sition and pattern. The Spearman’s correlation coefficient
between the two ranked variables, yields a value of 0.067
showing the complete absence of correlation between the
two clustering results. Therefore, these results suggest that
the algorithm developed to predict the noise levels over
an extended area must be reconsidered and adapted to
the new traffic noise pattern configuration to be applica-
ble during an extraordinary situation, such as that of lock-
down. The accuracy of DYNAMAP prediction during lock-
down could not be quantified due to the restrictions in in-
dividual mobility, preventing us from performing test mea-
surements of trafficnoise. As going back to a pre-lockdown
situation seems to take a long time, the time evolution of
the noise profiles will need to be continuously monitored
in order to attribute to DYNAMAP the pre-lockdown accu-
racy.
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