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ABSTRACT

Background: Environmental noise can cause auditory and non-auditory 
adverse effects. Aim: To identify daily environmental noise patterns in two 
urban sites of Metropolitan Santiago. Material and Methods: Continuous 
measurements of environmental noise in two sites of Metropolitan Santiago were 
analyzed by means of hierarchical cluster analysis. One site was a main street 
with heavy traffic and the second was a street from a neighborhood with intense 
nocturnal activity. The first phase of analysis consisted of clustering noise profiles 
with similar shapes according to the average linkage method, with correlation as 
the similarity measure. The second phase grouped the profiles with similar shapes 
into sub-clusters that also had similar absolute noise levels, using the complete 
linkage method, with absolute distance as the similarity measure. Results: Two 
noise patterns were identified for the first site, one for weekdays (Monday to 
Friday) and another for weekends (Saturday and Sunday). For the second site 
five different patterns were identified (Monday to Wednesday, Thursday, Friday, 
Saturday, and Sunday). Also different patterns appeared for summer compared 
to the rest of the year. The noise levels of both sites were high. Conclusions:  The 
detected noise levels can be annoying, cause sleep disturbances and increase the 
risk for hypertension and cardiovascular diseases, among other effects. 

(Rev Med Chile…) 
Key words: Environmental Monitoring; Noise; Public Health, Cluster 

Analysis.

Análisis de ruido ambiental en Santiago, Chile

Antecedentes: El ruido ambiental puede tener efectos adversos auditivos y 
no auditivos. Objetivo: Identificar patrones diarios de ruido ambiental en dos 
sectores urbanos de Santiago, Chile. Material y Métodos: Se analizaron medi-
ciones continuas de ruido ambiental realizadas en dos emplazamientos urbanos 
de Santiago, Chile, mediante análisis de cluster jerárquico. Los dos lugares fueron 
una avenida principal con alto tráfico vehicular y una calle en un barrio con 
intensa actividad nocturna. La primera fase del análisis agrupó perfiles de ruido 
con formas similares de acuerdo al método de vinculación promedio, usando la 
correlación como medida de similitud. La segunda fase agrupó los perfiles con 
formas similares en subclusters que también tuvieran niveles de ruido simila-
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Introduction

Environmental noise can cause both auditory 
and non-auditory health effects. Noise-induced 
hearing loss remains highly prevalent in occupa-
tional settings, and is increasingly caused by social 
noise exposure. Also, evidence of the non-auditory 
effects of environmental noise exposure on human 
health is growing. Several studies have proposed 
that noise exposure leads to annoyance, disturbs 
sleep and causes daytime sleepiness, increases 
hypertension and cardiovascular disease incidence, 
and impairs cognitive performance in schoolchil-
dren1-3. Loss of healthy life due to noise exposure 
have been estimated in billion of Euros in UK, 
and health of vulnerable people exposed to noise 
in Chile and the entire world is under-researched3.

Environmental noise is often assessed using 
acoustic descriptors that cover 24-hour periods, 
with weighted formulas to account for segments 
within a period, such as day-night (Ldn) or day-eve-
ning-night (Lden) levels, where L is the equivalent 
A-weighted sound pressure level, in dBA. Shorter 
assessment periods can also be used, such as for 
day (Lday), evening (Levening) or night (Lnight) levels. 
Descriptors are chosen based on the applicable 
guidelines, standards, and directives4-7as well as 
the environmental noise typical of the local area8-17. 
In some situations, the hourly equivalent sound 
pressure level (LAeq,1h) for the noisiest hour of the 
day is informative18. For example, the acoustic 
impact of a project can be evaluated by measuring 
baseline noise level, identifying the periods of 
minimum and maximum noise levels, and then 
estimating the change in noise level attributable 
to the new development.

The above assessments may need to use the 
daily noise profile to determine typical sound 
patterns, which can be used to identify discrete 

periods of 1 hour or less to estimate noise levels 
for the remaining daily segments of interest.

The temporal behavior of environmental noise 
levels is clearly relevant to healthcare8,10,19-25. One 
approach to assessing temporal noise patterns is 
to adopt statistical methods that were originally 
developed for other areas of research, such as 
vehicular traffic, energy consumption and load, 
and human activity in cities26-33. 

In this article, we studied daily noise patterns 
in two urban sites from Santiago, Chile, by means 
of hierarchical cluster analysis. The first is a main 
avenue with heavy traffic, and the second is a street 
in a neighborhood with intense nightlife activity. 
Acoustic descriptors are computed for each site, 
and risk for public health is assessed according to 
international recommendations.

Materials and Methods

Noise measurements and software
Data consisted of noise measurements taken 

by the Environmental Acoustics Unit from the 
Metropolitan Region Secretary of Health, the 
regional public health authority overseen by the 
Chilean Ministry of Health. Continuous noise re-
cordings were taken at two sites in the capital city, 
Santiago, during 2008 and 2010, using Norsonic 
Nor121 sound level meter and Nor1225 outdoor 
microphone. 

The first site was monitored for 13 consecutive 
days in 2008. This is located on Independencia 
Avenue (IA), a road with two lanes in both direc-
tions (for a total of four lanes) and significant bus 
and car traffic. Independencia Avenue is part of 
the Metropolitan Region trunk road network34,35. 
The measurement site was located at the Faculty of 
Medicine of the University of Chile. The noise re-
corded was mainly attributable to vehicular traffic.

res, usando el método de vinculación completa, con la distancia absoluta como 
medida de similitud. Resultados: Se identificaron dos patrones para el primer 
emplazamiento, uno para días de semana (lunes a viernes) y otro para fines de 
semana (sábado y domingo). Para el segundo emplazamiento se identificaron 
cinco patrones diferentes (lunes a miércoles, jueves, viernes, sábado, y domingo), 
así como patrones distintos para el verano en comparación con el resto del año. 
Los niveles de ruido en ambos lugares fueron altos. Conclusiones: Los niveles de 
ruido detectados podrían producir molestias, perturbación del sueño, incremento 
de riesgo de hipertensión y enfermedades cardiovasculares, entre otros efectos. 

Palabras clave: Monitoreo del Ambiente; Ruido; Salud Pública.
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The second monitored site was on Pío Nono 
Street (PNS), which is also part of the Metropo-
litan Region trunk road network 35–37. Unlike IA, 
PNS has no bus traffic and is a one-way street 
with two lanes. This is located in Bellavista nei-
ghbourhood (Santiago), which is a leisure zone 
with numerous bars and heavy pedestrian traffic. 
Measurements were taken during three campaigns 
in 2010, with a total of 35 days. The measurement 
equipment was installed on the fourth-floor bal-
cony of a residential dwelling. 

Statistical analysis
Statistical analyses were performed using 

R3.1.2 software38-41.  It consisted in two phases of 
hierarchical cluster analysis, and results in final 
clusters with similar shapes and noise levels.

Phase 1: Clustering by shape (similarity)
The first step is to identify groups of days 

whose profiles have similar shapes. Given that 
days are the observations to be clustered, for a 
measurement of n days, xi = [xi(1), xi(2), ..., xi(24)] is 
the vector of observed values of LAeq,1h during i-th 
day (i = 1, …, n), and xt

(k) = [x1(k), x2(k), ..., xn(k)] is the 
transposed vector of the k-th observed hour (k = 1, 
…, 24). In other words, we have the data arranged 
in an n × 24 matrix, whose rows (observations) 
are the n days and columns (variables) are the 24 
hours of the day.

The correlation coefficient rii’ between two ob-
servations, xi and xi’, is a measure of the similarity 
of those vector profiles. The closer rii’ is to 1, the 
more similar the profiles42. In other words, two 
days, i and i’, have profiles with a similar shape 
when the correlation is positive and close to 1.

Thus, the similarity measure used in Phase 1 
was the Pearson correlation coefficient, with the 
average linkage method used for agglomerative 
hierarchical clustering. The most highly correlated 
clusters are then joined according to Equation 
S1. The cut-off value was defined as a correlation 
coefficient of 0.8.

Phase 2: Clustering by noise level (distance)
Phase 1 might define clusters with substantially 

different absolute noise levels within them. Each of 
obtained clusters in the first phase contains days 
with profiles that are similar and, hence, parallel 
(Fig. S1). The focus in Phase 2 is on the proximity 
(or separation) among profiles, with the aim of 

identifying profiles with similar overall noise levels 
to identify subclusters.

An average hourly difference between noise 
levels of 2 dBA was defined as the cut-off value 
for clustering. According to Equation S242-44, the 
absolute distance is the sum of differences for all 
of the variables, i.e., for all 24 hours of the day, 
so an average distance of 2 dBA is represented by  

jj’
 = djj’

24 . Thus, the cut-off value for absolute 
distance was djj’ = 24 jj’

 = 48 dBA. 
Phase 2 relies on the complete linkage method. 

Therefore, for two clusters A and B, this proxi-
mity measure is defined as42-45 dAB = max {dABjj’}, 
where days j and j’ belong to clusters A and B, 
respectively. 

Results 

Case 1: Main street with heavy vehicular traffic 
(Independencia Avenue) 

Fig. 1 shows the hourly sound pressure levels 
for the 13 days monitored in 2008 at IA.

Clustering by shape (similarity)
Fig. S2a shows the dendrogram produced by 

the Phase 1 of the analysis. The correlation coe-
fficient was higher than 0.8 (value below 0.2 on 
the vertical axis) for all pairs. Then, daily profiles 
for these 13 days were all fairly similar in shape. 

Clustering by noise level (distance)
Fig. S2b shows the dendrogram produced by 

the Phase 2. A reference line corresponding to 
an absolute distance of 48 is shown. Two clusters 
were identified: weekdays (Mondays-Fridays) 
and weekend (Saturdays and Sundays). The mean 
daily profiles of the two clusters obtained have 
similar shapes but different absolute noise levels 
(Fig. 2). Variability was lower within the weekend 
cluster. This difference in noise levels associated 
to vehicular traffic between weekdays and wee-
kends has been found in other studies25,45-47.

Case 2: Street with pedestrian traffic and leisure 
activity (Pío Nono Street)

Fig. 3 shows the hourly sound pressure levels 
for the 35 days monitored over 3 campaigns in 
2010 at the PNS site.

Clustering by shape (similarity)
Four clusters of days were identified (Fig. S3). 

Table 1 shows the frequency of each day of the 

Daily	noise	patterns	-	M.	Fuentes	et	al
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Figure 1. Continuous	recording	of	LAeq,1h	at	Independencia	Avenue	site	(Thursday,	May	29,	2008	through	Tuesday,	June	10,	
2008).

Figure 2. Mean	daily	noise	
profiles	 for	 Independencia	
Avenue	 site.	 Dashed	 lines	
are	 the	 individual	 profiles	
of	the	days	that	form	each	
cluster.	 Top:	 a)	 Weekday;	
bottom:	b)	Weekend.

Daily	noise	patterns	-	M.	Fuentes	et	al
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Figure 3. Continuous	recording	of	LAeq,1h	at	Pío	Nono	Street	site	(2010).	Top	left:	a)	Saturday,	February	20	through	Friday,	
February	26;	top	right:	b) Tuesday,	April	20	through	Thursday,	April	22;	bottom:	c) Saturday,	May	1	through	Tuesday,	May	25.

Table 1. Distribution of days of the week in 
profiles clustered by shape for Pío Nono Street 

site

Day of the 
week

Cluster 
1

Cluster 
2

Cluster 
3

Cluster 
4

Monday 5 0 0 0

Tuesday 6 0 0 0

Wednesday 4 0 1 0

Thursday 4 0 1 0

Friday 0 1 3 0

Saturday 0 4 0 1

Sunday 0 5 0 0

Total 19 10 5 1

week in each cluster (clusters are numbered accor-
ding to size). The following clusters were found: 
a) Cluster 1 (second cluster from the left in the 
dendrogram) contains the Mondays-Thursdays 
from April and May (autumn) and Monday and 
Tuesday from February (summer). This result in-
dicates that the daily patterns for the first four days 
of week have similar shapes, but in summer, only 
Monday and Tuesday would follow this pattern. 
b) Cluster 2 (far right cluster in the dendrogram) 
contains Saturdays and Sundays, and Friday, May 
21, being the latter a holiday. Thus, the results for 
Cluster 2 indicate that weekend days, in addition 
to holidays that fall on the day before a weekend, 
have similar pattern shapes. c) Cluster 3 (first 
cluster on the left in the dendrogram) contains 

Daily	noise	patterns	-	M.	Fuentes	et	al
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three Fridays plus Wednesday and Thursday 
from February (summer). Therefore, this result 
indicates that the daily patterns for Fridays, as 
well as summer Wednesdays and Thursdays, have 
a distinctive shape that differs from other week-
days. d) Cluster 4 contains only Saturday, May 8. 
This finding is thought as a singularity and was 
excluded from further analyses.

Clustering by noise level (distance)
A separate analysis was performed within each 

cluster obtained in the previous phase:
i)  Fig. S4a shows the dendrogram obtained for 

Cluster 1, where two groups were identified.  
The first group consists of five Mondays (May 
3, 10, 17, and 24 and February 22), five Tues-
days (May 4, 11, 18, and 25 and April 20), 
and two Wednesdays (April 21 and May 5). 
This analysis, therefore, identified a profile 
for Mondays, Tuesdays, and Wednesdays, 
represented by the mean profile shown in Fig. 
4a. 

 The second group contained one Tuesday 
(February 23), two Wednesdays (May 12 and 
19), and three Thursdays (May 6 and 13 and 
April 22). As Wednesday, May 19 preceded 
Thursday, May 20 and then the holiday Friday, 
May 21, its noise levels could be expected to be 
similar to those of a typical Thursday. Therefo-
re, the mean profile of this group represents the 
daily pattern of a typical Thursday, as shown 
in Fig. 4b.

ii)  Fig. S4b shows the dendrogram computed for 
Cluster 2, where two groups were identified. 
One of the groups contains three Saturdays 
(May 1 and 15 and February 20) and one Fri-
day (May 21). As seen before, Friday, May 21 
is similar to a typical Saturday. Therefore, the 
mean profile of this group represents the daily 
pattern of a typical Saturday, as shown in Fig. 
4d. 

 The other group contains four Sundays (May 
2, 9, and 16 and February 21) and one Saturday 
(May 22). As May 22 was immediately preceded 
by the holiday Friday, May 21, it could be ex-
pected to be similar to a typical Sunday. Sunday, 
May 23 did not subcluster with this group, 
possibly due to being preceded by Friday, May 
21 and Saturday, May 22. Therefore, the mean 
profile of this group represents the daily pattern 
of a typical Sunday, as shown in Fig. 4e.

iii) Fig. S4c shows the dendrogram obtained for 
Cluster 3. Friday, May 7 did not meet the cri-
terion value for inclusion in this cluster and 
was thought as a singularity. Therefore, the 
mean profile of this group represents the daily 
pattern of a typical Friday, as shown in Fig. 4c.

3.3 Assessment of acoustic indicators and  
comparison between the sites

With obtained daily noise patterns, acoustic 
descriptors for each site were computed4. These 
are shown in Table 2. At IA both weekdays and 
weekend show the greatest sound levels for dayti-
me (defined for Lday from 7 am to 7 pm) and the 
lowest for nighttime (Lnight, from 11 pm to 7 am). 
The silentest hour is between 2 and 3 am for both 
daily patterns, also between 4 and 5 am for wee-
kend. The noisiest hour is between 7 and 8 am in 
weekdays and between 11 am and 12 pm in wee-
kend. In constrast, in a mainly night leisure zone as 
Bellavista neighborhood, where PNS is the busiest 
street, there are noticeable differences depending 
on the day of the week. Thereby, in a weekday the 
noisiest period is the evening (Levening, from 7 pm 
to 11 pm), and sound level is higher at daytime 
than at nighttime. The minimum and maximum 
hourly sound levels are produced between 5 and 6 
am and between 8 and 9 pm, respectively. On the 
other hand, on weekend the nighttime is the noi-
siest period, followed by the evening. The silentest 
hour is between 6 and 7 am, and the noisiest one 
is between 0 and 1 am, which is according to the 
characteristics of the neighborhood.

Discussion

Different daily noise patterns were identified 
for two urban sites from Santiago based on conti-
nuous measurements of sound pressure level. Noi-
se patterns of PNS are notoriously different from 
those of IA, as is expected for sites where the main 
sound source is not vehicular traffic45,47,48. Also, 
results indicate that there are seasonal differences, 
as have been observed in other researches45,46.

The results are consistent with the expected 
acoustic behavior of the selected sites. IA is a ma-
jor thoroughfare with considerable commercial 
activity as well as bus and car traffic. This type of 
street might be expected to show typical urban 
acoustic patterns that do not vary significantly by 

Daily	noise	patterns	-	M.	Fuentes	et	al
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Table 2. Acoustic descriptors for different daily patterns in the two studied sites

Descriptor Main street with heavy 
vehicular traffic  

(Independencia Avenue)

Street with pedestrian traffic and leisure activity
(Pío Nono Street)

Weekday Weekend Monday-
Wednesday

Thursday Friday Saturday Sunday

Lday 69.3 68.4 67.9 68.3 68.1 65.9 65.0

Levening 68.9 67.9 69.2 71.6 71.8 70.4 67.9

Lnight 65.1 65.7 63.3 65.4 68.2 70.9 69.0

Lden 72.9 72.8 71.6 73.6 75.2 76.9 75.0

Leq,	h	min 60.2
(2-3	am)

64.4
(2-3	&	4-5	am)

56.0
(5-6	am)

57.4
(5-6	am)

56.6
(5-6	am)

61.2
(6-7	am)

60.1
(6-7	am)

Leq,	h	max 70.5
(7-8	am)

68.8
(11-12	am)

69.7
(8-9	pm)

72.4
(8-9	pm)

72.0
(8-9	pm)

74.0
(0-1	am)

71.8
(0-1	am)

Figure 4.	Mean	daily	noise	profiles	for	Pío	Nono	Street	site.	Dashed	lines	are	the	individual	profiles	of	the	days	that	form	each	
cluster.	Top	left:	a)	Mondays	through	Wednesdays;	top	right:	b)	Thursdays	(May	20	excluded	from	calculation	of	the	mean);	
middle	left:	c)	Fridays	(May	7	excluded	from	calculation	of	the	mean);	middle	right:	d) Saturdays;	bottom:	e) Sundays	(May	
23	excluded	from	calculation	of	the	mean).

Daily	noise	patterns	-	M.	Fuentes	et	al
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day of the week. Indeed, the results indicate that 
weekdays and weekend days vary in terms of sound 
level but not in terms of pattern shape.

PNS, in contrast, is characterized by intense 
recreational activity, especially at night, and noise 
patterns differ from those of IA. The street has 
numerous bars and clubs with heavy pedestrian 
and vehicular traffic. Noise levels substantially 
increase on Thursday, Friday, and Saturday nights. 
Early Saturday and Sunday mornings (which are 
effectively continuations of Friday and Saturday 
nights, respectively) also have noise levels about 5 
dBA higher than weekday mornings. Additionally, 
results suggest different daily and weekly noise 
patterns in summer, related to a greater and more 
frequent attendance at leisure places.

For both sites sound pressure levels exceed 55 
dBA in Lnight, that is the recommended limit value 
for avoiding several adverse health effects, being 
the most relevant sleep disturbance and high an-
noyance, and also risk increase of cardiovascular 
disease1,7. People living in those zones may be also 
at high risk of suffer interference with daily activi-
ties, feelings, sleep, or rest, and anger, displeasure, 
exhaustion, and other stress-related symptoms49. 
Particularly, environmental noise levels observed 
at IA also are of concern because this neighbou-
hood is an hospitalary area and may increase the 
natural high level of intrahospitalary noise.

The small to moderate sample sizes limit this 
to be just an exploratory study. Future studies with 
longer-term measurements may produce clearer 
and more generalizable patterns. Defining such 
patterns would allow researchers to select repre-
sentative periods during representative days to 
perform discrete measurements, obtain the LAeq,1h, 
and then compute descriptors such as Lday, Levening, 
Lnight or Lden, which is a common interest in noise 
monitoring and mapping.

Another limitation of this study is that the noi-
se measurements were made in 2008 and 2010, and 
urban environment is likely to have suffered chan-
ges in time. Nevertheless, based in our knowledge 
and what we have observed in situ through these 
years, these sites do not show noticeable changes 
that could imply important differences in their 
general patterns of noise. However, many paving 
works on IA have increased the noise level in this 
area. Consequently, noise levels at both sites, for 
different reasons, are above the accepted standard 
levels for adequate well-being and good health of 
people living in these neighborhoods.

Acknowledgements: The authors are grateful to 
the Ministerial Secretary of Health of the Metropo-
litan Region of Chile, especially the Environmental 
Acoustics Unit, for providing the noise level data 
analyzed in this research. 

Suplementary material

The average correlation coefficient	for	two	clusters,	A	and	B,	is	defined	as:

A B

AB AB '
1 ' 1A B

1 n n

ii
i i

r r
n n = =

= ∑∑       (S1) 

where	nA	and	nB	are	the	number	of	observations	(days)	in	clusters	A	and	B,	respectively,	and	rABii’	is	the	correlation	
coefficient	for	day	i	of	cluster	A	and	day	i’	of	cluster	B.

The absolute or Minkowski distance	between	days	j	and	j’,	with	r	=	1,	is

( ) ( )

24

' '
1

jj j k j k
k

d x x
=

= −∑      (S2)
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Figure S1.	Two	(hypothetical)	daily	noise	profiles	with	similar	shape,	where	absolute	distance	between	sound	levels	
for	k-th	hour	is	shown.

Figure S2.	Dendograms	of	noise	profiles	for	Independencia	Avenue	site.	Left: a)	Clustering	by	shape;	right:	b)	Sub-
clustering	by	noise	level.

Daily	noise	patterns	-	M.	Fuentes	et	al
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Figure S3. Dendrogram	of	noise	profiles	clustered	by	shape	for	Pío	Nono	Street	site.

Figure S4. Dendograms	of	noise	profiles	subclustered	for	noise	level	for	Pío	Nono	Street	site.	Top:	a) Cluster	1	from	
Phase	1;	bottom	left:	b)	Cluster	2	from	Phase	1;	bottom	right:	c) Cluster	3	from	Phase	1.
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