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The relationship between traffic noise and corresponding annoyance has been widely investi-
gated in literature. In particular, the effect of noise on students has been studied, for instance
the correlation between road traffic noise perceived in classrooms and the student’s perfor-
mance, including reduced memory, motivation and reading ability. These studies mainly in-
vestigated the relationship between the A weighted equivalent sound pressure level Laeg,
measured over the teaching period and/or in noise neighborhood, and the cognitive impair-
ment of students and children. Anyway, the annoyance of students and other subjects is fre-
guently related to the effect of short duration noise events characterized by high levels, such
as the aircraft fly-over noise, pass-by of buses, heavy trucks, motorcycles or street sweepers.
These noise events are often described, over specific measurement periods, in terms of max-
imum A weighted SPL, Lamax, Or statistical levels, such as La1 or Lao. This aspect is not
considered in the noise maps drawn in accordance with the European Environmental Noise
Directive, as they provide the Laeg Only, determined over day, evening and night periods. The
paper analyses the correlation between the equivalent Laeg, determined over 1 hour periods,
and the maximum and statistical levels due to traffic noise in different kinds of road. This
analysisis carried out on several urban roads belonging to different typologies and character-
ized by different kind of traffic. The results can be useful for further analysis on the relation-
ship between traffic noise events of short duration and the corresponding annoyance in
schools and in other type of buildings.
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1. Introduction

It iswell known that children’slearning and memory are negatively affected by noise exposure.

The cognitive impairment may affect three types of cognitive aspects. visual search (attention),
intentional and incidental memory for reading tests.

Researchers are currently trying to establish how chronic noise exposure in children affects the
studied cognitive processes.
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In the World Health Organisation’s 2011 report [1] (chapter 3, “Environmental noise and cogni-
tive impairment in children”), the noise related cognitive impairment is defined as the “reduction in
cognitive ability in school-age children that occurs while the noise exposure persists and will persist
for some time after the cessation of the noise exposure”.

The evaluation of the noise effects on cognition can be projected unto a dose-effect curve where
the main noise descriptors, such as Laeq (Or Lan), maximum Lamax Or statistical levels (La1 or Laio)
arerelated to each other.

Lercher et al. [2] studied the reaction to noise in a group of primary schoolchildren selected from
alarge, representative sample of children living in the lower Inn Valley of Tyrol, Austria. The noise
sources were rail and road traffic and one half of the sample lived in quiet neighbourhoods
(La1=57 dB(A) and Ldan=46 dB(A)), while the remaining half lived in high noise areas
(La1=74dB(A) and Ldn =62 dB(A)). The most important conclusion was that even relatively
modest-level exposures to noise may have detrimental effects on the cognitive systems of young
children. Thus, the sound events characterized by short duration high levels may be important such
as the exposure to medium or elevated Laeg levels at school and out of school environment.

Other studies showed that the reaction of students to environmental noise varies as a function of
their age.

Hygge et a [3, 4] found that the strongest effects of noise for recall and recognition of the text
were for children aged 13-14 years. In particular, about 10% of the children had a cognitive reduc-
tion with Laeq level equal to 42.5 dB(A), and further, language based ahilities, such as reading, un-
derstanding and recalling, were the most vulnerable of the noise sensitive cognitive functions.

In another study, carried out on a sample of 142 primary schoolsin central London, Dockrell and
Shield [5, 6] found that the children’s levels of annoyance were related to the maximum noise levels
recorded outside the schools. Moreover, there was a hierarchy of sounds that was found to be an-
noying, since trains, motorbikes, trucks and sirens were rated as the most annoying, while trees
were rated as the least annoying. They also found that younger children of primary schools are more
affected by ambient and background levels of external noise, while the performance of older chil-
dren of the same schools is more closely related to maximum noise levels. This suggested that the
performance of older children (11 years old) is affected by the noise of individual events such as
sirens, lorries or motorbikes passing the schools. They studied the correlations between outdoor
L aeg, Lamax, and Lago levels with the score obtained by children in aptitude tests.

Outdoor noise levels are related to indoor noise through the fagcade sound insulation and the in-
ternal reverberation time as described by the standard 1SO 12354-3 [7].

In many countries, acoustic performances of school fagades are very strict to guarantee a com-
fortable acoustic indoor environment. An overview of the limit values for acoustic performances of
school fagades in some European and South America countriesisgivenin [8].

In Italy, acoustic requirements for school facades are very high and are described by the national
decree of December 1997 [9] and by the national standard UNI 11367 [10, 11]. From previous stud-
ies of authors [12, 13], it is evident that fagade acoustic performances of typical Italian schools are
significantly lower than the limit values set by Italian laws. Anyway, when considering the outdoor
traffic noise in terms of equivalent level, the intrusion of noise from outside seems to be not prob-
lematic, since indoor levels due to traffic noise is usually below the limit values. On the other hand,
maximum sound levels due to short duration outdoor noise events may interfere with teacher
speech, especially at lower frequencies.

Therefore, it does not seem appropriate to set the limit values only in terms of indoor equivalent
Sound Pressure Level as in the case of many national or WHO [14] regulations. Instead, attention
should be focused to the short duration noise events and, therefore, to their maximum SPL that
could largely exceed the equivalent SPL.

Unfortunately, it is very difficult to give specific indications for the amplitude of these events,
since the maximum SPL due to a vehicle pass-by depends not only on its distance from the facade
but also on its speed, the way of driving, the kind of road surface and other parameters.
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Some studies and guidelines [15, 16, 17] propose to assess the noise impact of new roads,
evauating the percentage of measuring intervals, each lasting 15 min or 1 h, for which it is
Larmax(interval) - Laeg(interval) > 15 dB, in the night period.

Another work [18] shows that maximum levels due to vehicle pass-by (Larmax) have a very
broadened frequency distribution, for each vehicle class (passenger cars, non-articulated trucks,
articulated trucks, motorcycles). In particular, the standard deviation has its minimum value for cars
passing at 80 km/h (3.5 dB) and the maximum one for articulated trucks travelling at 100 km/h (9.0
dB) with a significant overlapping of the distributions of each vehicle class.

The aim of this study is to analyse the typical distribution of noisy events due to traffic noise in
daytime, as a contribution to study their effect on corresponding annoyance at school.

2. Material and Methods

The Sound Pressure Levels SPL s continuously monitored in 32 urban roads in four Italian cities,
located in Tuscany and Lombardy regions, have been examined. The dataset included roads in vari-
ous urban contexts and with different traffic flows, both leading to arange of daytime (06-20 hours)
equivalent level Laeg from about 57 to 75 dB(A).

For each street, measurements were carried out at fixed distances from the carriageway and at
the height of about 4-6 meters from the pavement in order to minimize the effect of specific local
noise such as chatter, closures of car doors and others. The duration of each measurement was at
least 24 hours excluding weekends and holidays.

Some statistic acoustic parameters were acquired for each street but, for the purpose of this
study, only the A weighted maximum level, Lamax, and the statistical level La1 were considered.
Indeed, these two parameters are of interest for the analysis of acoustic annoyance in schools and
also in other type of environments. For instance, Lamax Was used in some studies to analyse the ef-
fect on children performances at school. Shield and Dockrell [19] found that Lamax showed the
highest correlation with the school performance (measured as standardised assessment test scores)
of children aged 7 and 11. However, as Lamax represents the SPL of a single noise event occurred
once during the measurement interval, it may be unappropriated to correlate the descriptor of such
event with the acoustic annoyance and the student performance.

The statistical level La1 isthe SPL exceeded for 1% of the measurement time. With reference to
time intervals of 1 hour, La1 isthe SPL exceeded for atotal duration of 36 seconds and, therefore, it
may be more properly associated with the acoustic annoyance than L amax.

All the Laeq, Lamax and L1 data were analysed with reference to time intervals of 1 hour. Indeed,
this time interval is the basic module for the organization of lesson time schedule. Moreover, the
typical duration of road traffic noise measurementsis 1 hour. Anyway, the choice of the time inter-
val length can influence the value of acoustic parameters.

Figure 1 shows, as an example, the linear regression between Lamax (left) and Laz (right) and
Laeq measured in a single street at different time intervals (1 hour, 10 minutes and 1 minute). Laz1 is
dightly influenced by the time interval length, especially for Laeq vaues above 60 dB(A), while
Lamax is strongly influenced by the time interval length and shows greater values when the time
interval islongest (1 hour).

For each street, the linear regressions have been analysed with reference to the day-time period
as defined in Italy, from 06 to 20 hours [20], after the implementation of the European Environmen-
tal Noise Directive[21].
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Figure 1 — Linear regression between Lamax and Laeq (Ieft) and La1 and Laeq (right) measured in a street at
different time intervals (1 hour, 10 minutes and 1 minute).

3. Results and discussion

Figure 2 shows the results of the linear regressions between the hourly Laegh versus the corre-
sponding values of Lamax and Laz1, for the 32 streets analysed.
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Figure 2 — Linear regressions between hourly values of Lama, La1 and Laeq for all the streets.

The correlation for La1 is very good, while Lamax shows a greater dispersion of data. Indeed,
Lamax Mmeasured in atime interval of 1 hour may be influenced by exceptional events, such as par-
ticularly noisy vehicles or sirens. However, these events are typically present in traffic noise and it
would be inappropriate to exclude them from the analysis. The difference between the slopes of
Lamax and Laz is statistically significant at 95% level of confidence (p-value = 0.004).

Figure 3 shows the distribution of Lai fitted — observed valuesin bins of 1 dB width and the cor-
responding normal curve. The histogram is rather symmetric and the bin centred at O dB shows the
highest value of occurrences (31%).
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Figure 3 — Distribution of La; fitted — observed valuesin bins of 1 dB width
and the corresponding normal curve.

Figures 4 shows the scatter plot of the medians of the differences (Lamax - Laeqg) versus Laeq (red
square symbols) and of the medians of the differences (La1 - Laeq) versus Laeq (blue circle sym-
bols). The medians are calculated over the hourly values and Laeq is referred to the daytime period
(06-20 hours), for each of the 32 streets. The correlation is rather poor, especially for Lamax versus
Laegd. The average value of the differences between hourly values of Lamax and Laeq is 21.5 dB,
with a standard deviation of 4.7 dB, whereas the average value of the differences between hourly
values of La1 and Laeq is 8.8 dB, with a standard deviation of 1.6 dB. Standard deviations refer to
al the analysed hourly values (448 = 32 streets x 14 hourly values).

It isinteresting to point out that the Laeqd increasing corresponds to an increasing of the spread of
the differences Lamax — Laegh. IN addition, the regression line of La1 - Laegh versus Laeqd shows that
the former parameter decreases with increasing of the latter.
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Figure 4 — Scatter plot of the medians of the differences (L amax — Laegn) VS. Laegd (red square symbols) and of
the medians of the differences (La1 — Laegn) VS. Laegd (Dlue circle symbols).

According to the European Environmental Noise Directive [21], Member states have to draw
noise map for agglomerations with values of Lden for road traffic noise. From this value, it is possi-
ble to estimate the corresponding Laeqa (6-20 hours) with a standard deviation of the error of
+ 1.9 dB by the following empirical relationship:

L =0.8881L,, +2.5364 dB(A) (1)

Aeqd,6—20h
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The relationship (1) was obtained by linear regression performed on a dataset of 1117 pair values of
Laen and Laeqd Of road traffic noise monitored continuously for 24 hours in 38 Italian towns of dif-
ferent sizes, in aprevious study of the authors. Its application to the 32 roads gave a median error of
the Laeqa estimate equal to -0.8 dB with a standard deviation of 1.3 dB. Thus, it is possible by the
linear regression reported in Figure 4 to estimate the difference La1 - Laegh. In addition, for urban
roads, the hourly Laegh can be estimated by statistic 24-hours patterns of Laeqh referred to Laeqd, as
those reported in [22]. It is important to point out that most often the patterns show similar trendsin
the hours from 8 to 17, corresponding to the opening hours of schools. For instance, by the hierar-
chical clustering (Ward method and euclidean distance among observations) applied to the dataset
of 1117 time series of hourly Laegh three 24-hours Laegh patterns were obtained and the hourly val-
uesin the hoursfrom 8 to 17 arereported in Table 1.

Table 1: Relative levels of the three 24-hours L aeqn patternsin the hours from 8 to 17.

Hour
8 9 10 11 12 13 14 15 16
1 | Laegh-LAegd,6-20 0.52 0.25 -0.03 | -0.06 | -0.24 | -0.47 | -0.64 | -0.31 | -0.18
2 | Laegh-LAeqd,6-20 0.69 | 013 | -0.18 |-0.09 | 0.06 | -0.03 | -0.32 | -0.33 | -0.25
3 | Laegh-LAeqgd6-20 0.17 0.15 -0.03 |-0.11|-005|-0.21 | -0.32 | -0.27 | -0.11

Pattern

As an applicative example, it is here assumed an Lden Value equal to 65 dB(A). By this value,
equation (1) gives Laeqd = 60.3 dB(A) that provides La1 - Laegh = 10.0 dB by means of Figure 4. As
Table 1 shows that Laegh is dmost equal to Laeqa for any street pattern, during hours of school
activities, an La1 estimation on school facade can be obtained by adding 10 dB to 60.3 dB(A) that is
La1=70.3dB(A).

4. Conclusions

According to previous studies, acoustic annoyance at school and in other indoor environments is
correlated to the environmental noise and to the occurrence of short duration noise events of great
amplitude. These short duration noise events can be measured in terms of maximum sound levels,
Lamax, Or by means of statistical descriptors, such as Lai. Anyway, without the use of long term
measurements, the values of these descriptors are not known for a specific street, since the noise
maps drawn by the municipalities for the urban agglomerations show only the values of Lden for the
road traffic noise. Therefore, with the aim of better characterizing the acoustic annoyance at school,
it isimportant to define a correlation between the values of Lden and the corresponding values L amax
and Laz1.

In the paper, the hourly values of Laegh continuously monitored in 32 urban roads in four Italian
cities have been linearly correlated with the corresponding hourly values of Lamax and La1.

Moreover, based on previous works, a correlation between hourly values of Laegn, analysed in
this paper, and the day-evening-night level Laden, is shown.

Results point out that the correlation between Laegh and Laz is very good, while Lamax shows a
greater dispersion of data. Moreover, values of Lamax are strongly influenced by the time interval
length and shows greater values when this time interval islonger.

Results confirm, as in previous studies, that the distribution of the maximum SPLs is very dis-
persed and show that the average value of difference Lamax - Laegn, in the daytime period (06 — 20),
is21.4 dB, with a standard deviation of 4.7 dB, while the average value of differences La1 - Laegh iS
8.8 dB, with astandard deviation of 1.6 dB.

As a consequence, we could consider that the statistical level Lai, in comparison to Lamax, IS
more suitable for the study of the correlation between acoustic annoyance and occurrence of short
duration noise events.
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