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1. COMMUNICATIVE ASPECTS OF ENVIRONMENTAL NOISE 

MANAGEMENT 

 

When defining noise management models, it must be taken into consideration that this 

pollutant has a very strong subjective component. Of course, the same sound can be valued in 

many different ways by different people, depending on such simple factors as their personal 

preferences or degree of sensitivity to noise. At the sociological level, there are also a series 

of factors that, not being directly related to the nature of sound, can modify the response of 

citizens to source of noise. Among the non-acoustic factors that a noise manager must 

consider in their actions are information, communication and awareness of noise pollution. 

The management of noise pollution has been closely related to airport noise, mainly due to the 

annoyance this source generates for the population living near airports. In this chapter, 

although the focus is not strictly on airport noise, we will talk a lot about this source, as 

airport managers take the lead in noise management after decades of dealing with the 

problem, and much of their experience can be useful to the management of other noise 

sources in cities. 

One of the first regulations to reduce noise levels at airports was the Noise Control Act passed 

in 1972 in the United States of America, which established that it is necessary to provide 

information to the population on the noise levels produced by these infrastructures (U.S. 

Congress, 1972). A little later, in 1979, similar regulations began to be approved in Europe, 

starting with The Noise Annoyance Act (Wer geluidhinder) in Holland, which laid the 

foundations for citizen participation in noise management (States General of the Netherlands, 

1979). In 1985, the French government approved the Loi n85-696, this being the first 

regulation that establishes the need to draw up maps and communicate them to the population 

(République Française, 1985). 

During the following years similar laws appeared in other European countries until in 1996, 

the EU (European Union) began a process of harmonization of noise management with the 

publication of the Green Paper. This document addresses, for the first time, noise from an 

environmental perspective, and established that the fight against noise must be carried out by 

means of two differentiated focuses: the reduction of acoustic emissions at source and the 

generation of general policies for the fight against noise (European Commission, 1996). The 

Green Paper served as a working basis for developing Directive 2002/49/EC on the 

assessment and management of environmental noise, which was published and adopted in 

2002 as a common noise regulatory framework for EU countries. This directive established, 

for the first time at EU level, the obligation to make strategic noise maps on a regular basis in 

large cities, major roads, major railways and major airports (European Parliament, 2002). In 

addition, it provides basic guidelines for communicating to the public the information on 

noise maps and the relevant actions for noise mitigation. A year later, the Directive 

2003/4/EC on public access to environmental information was published, established the 



 
 

  

obligation to make available to the public all environmental information collected by the 

management bodies (European Parliament, 2003). 

However, noise maps have some limitations. Firstly, as they are the result of a simulation, 

citizens perceive them as artefacts that do not represent the real situation. Secondly, as they 

represent the sound level for a specific type of noise source over a long time period, they do 

no reflect the dynamism of the acoustic situation that a citizen can perceive, something that 

gives rise to a lack of awareness of this type of tool on the part of the population. Thirdly, the 

indicators used to represent noise levels are too technical and difficult for the public to 

understand. In an attempt to mitigate these problems, it is quite common that city managers 

deploy noise monitoring networks. These systems, in addition to being useful for noise 

management, play an important role in informing, raising awareness and involving residents, 

which is one of the trends currently being exploited. 

In this document, the main aspects related to both noise management tools are discussed in 

separate sections for strategic noise maps and monitoring systems. But before reaching that 

point, we will address some preliminary aspects, which need to be considered from the point 

of view of communication. 

1.1. Annoyance and non acoustic factors 

 

Research on the perception of noise annoyance has traditionally been linked to large transport 

infrastructures. They are essential for the growth of cities, but they are also a main source of 

noise pollution, this being the main reason why residents reject their growth (Asensio, 2014; 

ICAO, 2016; Lawton and Fujiwara, 2016). Especially in airports this is critical; their 

economic importance is undeniable because they facilitate commercial exchanges and favour 

jobs creation in a region. However, the noise generated by these infrastructures obstructs their 

sustainable growth and is the cause of most of the protests and complaints of the citizens who 

live in their vicinity (Brooker, 2009; Fidell, 2009 et al., 2002; May and Hill, 2006). For this 

reason, in an attempt to increase the operational capacity of these infrastructures, research has 

been carried out on the perception of annoyance with the aim of quantifying and modifying it. 

The first study of noise annoyance was conducted in New York in 1929. It related the number 

of protests by citizens to the noise exposure (Galt, 1930). It was not until 1943 that the first 

formal survey was carried out to assess noise activities in England, known as the British 

Home Noise Survey, focusing on noise from neighbours and from the home itself (Fields, 

1999). 

With the evolution of the aeronautical sector and the appearance of jet aircraft there was an 

increase in noise levels in surroundings of airports, something that prevented their growth. 

From the 1970s onwards, the noise annoyance caused by these infrastructures was intensively 

studied. Of these investigations, the Schultz study is especially relevant, which establishes the 

existing relationship between annoyance and noise level, known as the dose-effect 

relationship (Schultz, 1978). During the 1990s, Schultz's studies were replicated, concluding 



 
 

  

that, faced with the same sound level produced by different means of transport, noise from 

aircraft generated more displeasure than that produced by other means of transport such as 

road traffic or trains. It was therefore concluded that there are other factors in addition to 

noise levels that produce changes in perceived annoyance (Fidell et al., 1991; Fields, 1994; 

Finegold et al., 1994; Miedema and Vos, 1998, 1999). 

Following the publication of the Guidelines for Community Noise, published by WHO in 

1999 (World Health Organization, 1999), several projects were carried out on the same topic. 

They confirmed that noise, characterized by various physical metrics such as intensity, 

frequency or timbre, only describes a part of the subjective sensation of discomfort generated 

in an individual or community (Gille et al., 2017; Guski et al., 1999; Hume et al., 2004). In 

other words, factors of a non-acoustic nature, not directly related to the physical nature of 

sound, explain a part of the discomfort associated with noise. 

In 2007, Vader published a list of 31 non-acoustic factors that may modify citizens response, 

not directly related to the physical nature of sound (Maris et al., 2007; Sánchez et al., 2015; 

Vader, 2007). Table 1 shows the identified factors that could affect the annoyance associated 

with airport noise. 

Non 

Acoustical 

factors 

Strong Intermediate Weak 

Modifiable  Influence, voice (the 

opportunity to exert 

influence on behaviour of 

source) 

 Perceived control 

 Recognition of concern 

 Trust / misfeasance 

 Choice/satisfaction in 

insulation (and satisfaction 

with construction Works) 

 Choice in compensation 

(personal) 

 Procedural fairness 

 Attitude towards the 

airport 

 Temporal factors 

 Interference with activities 

 Satisfaction with 

residential area 

 Avoidance 

 Choice in 

compensation 

(societal) 

 Expectations 

regarding future of 

source 

 Information 

(accessibility and 

transparency) 

 Predictability of 

noise situation 

 Noise metrics  

 Environmental 

consciences 

 

 Media coverage 

and heightened 

awareness to 

noise 

 Social status 

Not 

modifiable 

 Age (under 55) 

 Income / Socio-economic 

status 

 Individual sensitivity to 

 Duration of 

residency near 

airport 

 Fear related to 

 Age (above 55) 

 Gender 

 Awareness of 

negative 



 
 

  

noise 

 Past experience with 

source 

source of noise 

 Home ownership 

(fear of devaluation 

or deterioration) 

 Use of airport 

services 

 Visibility of aircraft 

 Degree of 

urbanization 

consequences 

(health, learning) 

 Children 

 Education 

 Culture 

 

Unsure / 

need to be 

examined 

 Conviction that noise 

could be reduced or 

avoided by others 

 

 Benefits from 

airport (personal, 

societal) 

 Cross cultural 

differences 

 Country of origin 

 

Table 1 Non-acoustic factors affecting community response to noise (based on VADER) 

Factors related to Communication in blue. 

Many of the non-acoustic factors shown in the table above refer to similar problems, so we 

can consider that there are relationships between them. For example, the lack of transparency 

translates into a lack of trust on the part of citizens towards managers, which in turn may 

increase the rejection to the noise source. The attitude towards the source has also been 

identified as one of the most influential factors in annoyance, being in turn related to the 

recognition of the noise problem by the management bodies and the perception of impartiality 

in the management processes (Sánchez et al., 2015; Schreckenberg and Meis, 2007). 

Additionally, and in relation to these non-acoustic factors, Marís et al.  demonstrated that the 

advanced knowledge about the appearance of the sound source can have a positive effect in 

reducing discomfort (Maris et al., 2007). 

The approach to design and implement a noise insulation program in the vicinity of an airport 

can also be quite a relevant non-acoustic factor, beyond the sound attenuation (acoustic 

factor). The way in which an acoustic insulation scheme is implemented, the rooms covered 

by the program, the type of acoustic solutions and the aspects of participation and 

communication with beneficiaries can also modify the feeling of discomfort caused by noise 

(Asensio et al., 2014). In fact, the perception of the quality of the acoustic treatment carried 

out in the dwellings can modify the annoyance even if the exposure inside a room is not 

significantly different (Davidson, 1998; Knowles and Porter, 2016). Airport managers are 

aware of this situation and some airports, such as those in London, indicate that sound 

insulation programmes are a way of improving relations with residents in the vicinity of 

airports (London City Airport, 2010). 

1.2. Community engagement 

Due to the need for growth, airport managers have implemented strategies to involve citizens 

in management processes with the intention of increasing the acceptance of their 



 
 

  

infrastructures and thus reducing the annoyance. These actions are known as community 

engagement activities, and are defined as the attempts made by the management bodies to 

establish links with the population with the intention of knowing their concerns, increasing 

mutual trust and improving the coexistence of both parties through two-way and sustainable 

communication, these being related to three of the non-acoustic factors identified in Table 1. 

Community engagement actions are simplified by Davidson using a scheme similar to that in 

Figure 1, known as the wheel of participation (Davidson, 1998). Davidson states that any 

participatory process rests on four pillars: 

− Information: To provide the public with clear and objective information that will help 

them to understand existing problems and solutions. This process of unidirectional 

communication can be carried out through websites, brochures, etc.. 

− Consultation: Obtain feedback from the public regarding information previously 

provided through the use of surveys, face-to-face interviews, etc. 

− Participation: A process that seeks public participation on the one hand, to know and 

understand the problems and concerns of residents before taking action, and on the 

other hand seeks their collaboration in decision-making. 

− Empowerment: To leave decision making in the hands of the residents. 

In this area related to citizen participation and communication aspects (on noise 

management), it is the aviation sector that is leading again. Several international organisations 

such as EUROCONTROL, ICAO (International Civil Aviation Organization), ACI (Airport 

Council International) or FAA (Federal Aviation Administration) have addressed the issue of 

participation by establishing a series of recommendations that will make it easier for airports 

to have good relations with the inhabitants of their surroundings (CANSO, 2015; Eurocontrol, 

2013; Federal Aviation Administration, 2016; ICAO, 2017; Woodward et al., 2009). These 

strategies aim to take advantage of non-acoustic factors and participatory noise management 

tools, as they seek to involve citizens in participatory processes to improve their confidence in 

management bodies, increase institutional transparency, recognize the noise problem suffered 

by residents or increase citizens' voice in decision-making.  

 



 
 

  

 
Figure 1. Wheel of participation(1) 

1.3. Information 

Noise information, transmitted in a simple and clear manner, improves the confidence of 

those who consider themselves affected. To this end, communication tools need to be adapted 

to the level of knowledge of the general public.  Woodward points out that traditional 

communication approaches, which aim to educate residents from the interests of the acoustic 

emitter (airport), are not effective because they are one-way and do not allow for equal 

relationships. The implementation of two-way communication systems can modify some non-

acoustic factors such as: increasing the sense of influence in decision-making, increasing the 

sense of control over the problem or reinforcing confidence in the management bodies, thus 

allowing to build a relationship of greater quality and trust between the parties (Woodward et 

al, 2009). Therefore, informing the potential affected by noise is a good practice insofar as it 

is part of a two-way communication process. The information provided cannot be, nor can it 

seem biased, it must be reliable and clear and, describing the reality, however sensitive it may 

be to the interests of the parties. 

Recent research has shown that on many occasions the data communicated to citizens in 

relation to noise are perceived as over-technical, difficult to understand and opposed to the 

feeling of discomfort that residents suffer in their homes (Griefahn et al., 2013; Hooper and 

Flindell, 2013). 

The study conducted by Hooper in 2009 concluded that from a noise metric point of view, 

aggregated indicators such as Lden are not useful for residents because they do not represent 

the most adverse acoustic situations (Hooper et al., 2009). Moreover, those affected do not 

understand these cumulative indices and show a preference for supplementary indices, which 

combine information on noise and its periodicity, to be better understood without technical 

knowledge (Eagan, 2007; Goldschagg, 2013). 

Continuing with the communication and the acceptance of airport activities, a study by Phun 

showed that tolerance for such activities can be moderated when residents are provided with 



 
 

  

information on the future acoustic impact of the infrastructure, along with the benefits that, in 

other areas, can be generated by an airport's operational increases. In addition, their work 

demonstrated that information about the acoustic situation was more relevant to residents 

without prior knowledge of the subject, and could increase the tolerability of noise levels 

(Phun et al., 2016). 

Recently, new technologies have been applied to carried out some experiments aiming to 

increase the understanding of the indicators, and therefore the acceptance of the 

infrastructures and the reduction of annoyance. Virtual reality tools, both visual and auditory, 

have been used to help citizens understand the effect of noise reduction measures carried out 

by airport managers (Arntzen and Simons, 2014; Netherlands Aerospace Centre, 2016; Sahai 

et al., 2016). 



 
 

  

 

1.4. Consultation, participation, involvement 

 

Regarding consultation and participation, ICAO suggests that for community engagement 

actions to be effective, they must be well planned, both parties must be proactive, and action 

must be relatively swift (ICAO, 2016). In addition, the process should not be limited to the 

short term, but should continue once infrastructure changes have been implemented to obtain 

continuous information from the population and act on the feedback received. 

The Community Involvement Manual published by the FAA in 2016 is intended to be a guide 

for planning airport projects, taking into account the opinion of the population living in the 

vicinity of the infrastructure (Federal Aviation Administration, 2016). The FAA structures 

these projects in five phases, from previous planning to their completion, but insists that in all 

of them it is necessary to make an effort to involve the community. Pre-planning aims to 

identify any concerns that may arise about the project and to find ways to involve the 

community. In the second phase, it is necessary to put in place participatory measures, in 

order to sensitize stakeholders to the results of the project and thus receive the response of the 

community. The third phase, planning, is the one that needs the highest level of community 

participation, since it is the phase in which the FAA decides how to implement the project and 

it is time to make decisions that do not harm any of the parties. At this stage, both the project's 

environmental impact and the community's concerns must be addressed to fit into the project. 

If the project is to be implemented, it is necessary to keep the population informed about its 

execution and to answer any doubts that may arise during the process. In the completion 

phase, actions are also needed to maintain residents' participation in the future. 

Participation and ICTs 

The evolution of ICTs (Information and Communication Technologies) has led to a change in 

the models of management and policy creation (referred to in this text indistinctly as such or 

policymaking). Before the arrival of the Internet, this process was characterized as a 

representative system in which citizen participation was limited to the election of their 

political representatives and to relatively infrequent consultations. With the expansion of 

technologies and the emergence of digital communication platforms such as social networks, 

citizens have begun to value current policies and the problems they face in their daily lives 

through these virtual mechanisms. This has favored the transformation of policy management 

models, which are progressively incorporating participation mechanisms with the aim of 

fostering public opinion. One of these models is known as PM 3.0 (Policy Making 3.0), 

introduced by Franco Accordino in 2013 (Accordino, 2013). In PM 3.0, decisions are taken 

by political managers together with stakeholders, using their own criteria based on scientific 

evidence and citizens opinion. The process is divided into five steps represented in Figure 2: 



 
 

  

 

Figure 2. Policy making 3.0 (by Accordino) 

In this model, all stakeholders must define the objectives to be achieved in the near future. 

The policy maker, together with the other stakeholders, must jointly develop policies to 

achieve these objectives, which will have an impact in the real world. Then, through sensing 

and data analysis, the effect of these policies must be measured in order to obtain objective 

evidence to readjust and improve the policies implemented. In addition, the agents involved 

must interact with the citizens. To this end, Accordino proposes the option of using social 

networks to gather the opinion of the latter and incorporate it into the process of creating new 

policies or defining new objectives. 

Due to the characteristics of noise and the difficulties of its management, associated with the 

large number of actors who benefit from the activities that generate it, such as tourism and 

transport; to its ephemeral nature, which makes it a difficult pollutant to understand for those 

who do not suffer from it; and to the subjective and personal component in its perception, 

which dictates the process of evaluation of the problem by the competent authorities; the 

implementation of this type of participatory policies is not trivial. 

in 2015, researchers from the Polytechnic University of Madrid proposed adapting the Policy 

Making 3.0 model to noise pollution management (Asensio et al., 2015). The proposed model, 

shown in Figure 1.4, focuses on improving iterated communication through citizen 

participation processes, as well as considering digital platforms as an essential area to be 

taken into account in order to achieve this objective. 



 
 

  

 

Figure 3. Policy making 3.0 applied to noise management 

1.5. Metrics  

The communication of noise pollution is one of the great challenges facing the authorities in 

charge of environmental management in cities and transport infrastructures because, on the 

one hand, it is necessary for citizens to understand the problem of noise in a correct way in 

order to encourage their participation and, on the other hand, the work of communicating 

information can improve the acceptance of activities that generate noise and thus reduce the 

perception of annoyance they produce. 

Due to the acoustic impact of airports, the evolution of the metrics used to assess noise 

pollution has been closely related to this noise source. When the noise impact assessment of 

airports began, the indices used were focused on assessing the noise produced by individual 

aircraft. However, these metrics were lacking when used for noise management because they 

did not represent the overall noise situation in the vicinity of the infrastructure. This promoted 

a framework for the development of new cumulative metrics to estimate the impact of airports 

on the population and the environment. In the 1960s, the Noise and Number Index (NNI) was 

developed, which is considered the first cumulative metric (Wilson, 1963).  

In the 1980s, the use of metrics based on the equivalent continuous sound pressure level, Leq, 

was widely implemented in airports (Brooker et al., 1985). These indicators make it possible 

to evaluate the overall effect of a set of sound events during a reference period (Brooker et al., 

1985; Critchley and Ollerhead, 1990). The FAA, the EU, WHO, the Australian government 

and most aviation management organisations use these cumulative indicators because they are 

the ones that best relate noise levels and noise annoyance (Critchley and Ollerhead, 1990). In 

fact, these noise indices are currently used in the management, not only of airport noise, but 

also of the noise produced by other sources to assess the noise pollution in an area. 



 
 

  

 

Usually this indicator is interpreted as an average of the sound energy over a certain time 

interval T. When this time interval is standardized (for example, day, evening and night 

periods), it can be considered as a cumulative indicator, since each of the sound events that 

occur during a measurement adds energy, and makes the measurement grow. Thus, referring 

to Leq-based indicators as averages fosters among non-experts a sense of mistrust of the 

indicator. However, when any of these indicators are used, they do not actually average the 

noisiest sound events with the quietest, but in both cases the measured energy is added 

together, and standardized with respect to a reference interval that does not change. Thus, the 

Ln produced by the passage of a noisy motorbike and a silent electric car will be greater than 

that produced only by the passage of the motorbike. In fact, the indicator does not make an 

average, but accumulates. Referring to these indicators as average values can be an additional 

problem for communication with the citizen, who, in general, will not have advanced 

expertise in acoustics. 

New indices have been developed at airports that are closer to the citizen's perception (e.g. 

time above or number above). They are based on the summarized description of singular 

sound events. In the case of urban environments, where a multitude of different sound sources 

are simultaneously present, it is difficult to separate specific sound events and to give noise 

metrics for each source independently. However, some initiatives have been carried out 

recently developing new indicators aiming to be closer to the citizen. The Harmonica project, 

which is detailed later in this document, is the most outstanding of these initiatives. 

1.6. Awareness 

In the 1990s, the World Health Organization (WHO) focused on the problems arising from 

environmental noise with various publications analyzing the state of the art regarding its 

effects on health. These warnings from the WHO were not ignored, and the European Union 

took them seriously deploying the Environmental Noise Directive (END) in 2002. The EU put 

in place an environmental approach to manage noise, supported on strategic noise maps and 

action plans. This approach has not always been welcomed by local authorities, who often 

have to deal with complaints from neighbors affected by sources of noise that are not covered 

by the Environmental Noise Directive (in example, nightlife noise). 

 As with the general population, it is quite common to find an absolute lack of awareness of 

noise pollution in local authorities (both in technical and political positions). And it is for this 

reason that they avoid the management of this environmental issue, addressing it through 

complaint management tools. The local authorities concentrate their efforts on managing the 

noise aggressions associated with neighborhood and activities complaints. But environmental 

noise, as defined in the END, very often does not create an adverse citizen response, since its 

effects remain unknown for most citizens. For example, a noise associated with a fright can 

alter our heart rate, and we quickly realize of it. However, usually acoustic pollution effects 



 
 

  

are not so big and sudden, and they can be completely unnoticed. In this case, our perception 

of the effects of noise is limited to an appreciation of displeasure or annoyance to which, 

unfortunately, we are used nowadays. We assume that noise is unavoidable, and that it is 

associated with our way of life. Citizens do not protest, and, therefore, in many cities, 

environmental noise is not in the spotlight. 

When you are not aware of the problem, you may perceive mandatory strategic noise maps as 

a formality, a waste of time and money, or an extra load of work that is unnecessary or 

ineffective. In consequence, you do not allocate the necessary resources to this laborious task, 

compromising the quality of the diagnosis and affecting the strategy designed by the 

European Union. In fact, a number of cities deal with this formality applying inadequate 

methodologies or that simply do not comply with the obligation to prepare the strategic noise 

maps. 

Strategies against community noise require this social awareness to be impregnated in the 

citizens, being necessary their involvement, understanding and demand, so that the different 

agents are forced to adopt actions, in the long term, that can make us to restart the path 

marked by the Environmental Noise Directive. While this is not happening, there is a risk of 

originating the inverse movement: poor maps that will not allow consistent conclusions, 

causing increasing disbelief that will end the process of management initiated in 2002. 

It is therefore considered necessary to strengthen awareness-raising efforts on the part of the 

EU authorities. These efforts should focus not only on the description of the harmful effects 

of noise, but also on the advantages of an adequate noise landscape in cities, as well as on the 

benefits provided by the existence of quiet areas. Awareness among authorities and the 

general public is essential to keep the fight against noise going. 

In a way, this is the approach taken during the celebration of the International Noise 

Awareness Day (INAD), which is celebrated every year on the last Wednesday of April. 

INAD is a global campaign, founded in 1996 by the Center for Hearing and Communication 

(CHC), aiming to raise awareness of noise on the welfare and health of people. Another 

relevant initiative is the Noise Action Week that takes place every year in the UK. Noise 

Action Week is coordinated every year by Environmental Protection UK, aiming at raising 

awareness of the cost of noise to the health and wellbeing of communities and individuals. 

Apart from these campaigns, awareness-raising is also a tool that local authorities try to take 

advantage of on many occasions, especially in those cities where nightlife noise problems 

have been identified. 

In this case, the approach is radically different, as it seeks to demand respect and empathy 

from people who visit these leisure areas, so that the activities they perform are compatible 

with the rest of the residents of the area. In short, these are awareness-raising actions aimed at 

asking nightlife users to remain silent. Sometimes they use posters and informative texts. 

Other times, we may find staff who explain to the audience the problem of the neighbors and 



 
 

  

ask them to respect the situation. Sometimes, light signals are used to alert those present to the 

excessive sound level they are generating. 

 

 

 

  
 



 
 

  

 

2. COMMUNICATIVE TOOLS 

2.1. Strategic Noise maps 

Noise maps are two-dimensional graphical charts of the noise levels within a region based on 

cartographic maps. These maps are mainly used for assessing the environmental noise 

exposure in a specific area prior to conducting action plans that might be necessary to 

decrease noise emissions. After the adoption of Directive 2002/49/CE, the major transport 

infrastructures and agglomerations in Europe must produce strategic noise maps every five 

years (European Parliament, 2002) (CITAR PAPER LUIS) 

Directive 2002/49/EC (CITAR) relating to the assessment and management of environmental 

noise (the Environmental Noise Directive – END) is the main EU instrument to identify noise 

pollution levels and to trigger the necessary action at Local, Member State and at EU level. 

To pursue its stated aims, the Environmental Noise Directive focuses on four main areas: 

 The determination of exposure to environmental noise 

 Making information on environmental noise and its effects available to the public 

 Preventing and reducing environmental noise where necessary 

 Preserving acoustic quality where it is good 

The Directive applies to noise to which humans are exposed outdoors, particularly in built-up 

areas, in public parks or other quiet areas in an agglomeration, in quiet areas in open country, 

near schools, hospitals and other noise-sensitive buildings and areas. And it mainly focuses on 

transport and industrial noise sources, since it does not apply to noise that is caused by the 

exposed person himself, noise from domestic activities, noise created by neighbors, noise at 

work places or noise inside means of transport or due to military activities in military areas. 

The Directive requires Member States to prepare and publish, every 5 years, noise maps and 

noise management action plans for agglomerations with more than 100.000 inhabitants, major 

roads (more than 3 million vehicles a year),  major railways (more than 30.000 trains a year), 

and major airports (more than 50.000 movements a year, including small aircrafts and 

helicopters). 

The fundamental characteristics of a strategic noise map are: 

- Determination of exposure to environmental noise carried out on the basis of 

harmonised methods, established by the European Commission. In this way, it is 

intended to obtain a homogeneous database of noise exposure to serve as a basis for 

the establishment of future policies to fight noise. 

- Assessment of long-term noise exposure. The noise level indicators on which they are 

based are averaged over a year. 

- They must be the basis for drawing up action plans aimed at improving the acoustic 

situation in the affected area. 



 
 

  

The general objectives of the elaboration of a Strategic Noise Map should be, among others, 

the following: 

- To make a global diagnosis of environmental noise levels, considering the separate 

and the aggregated effect of the different sources of noise (industry, road, rail and air 

traffic) present in the area of study.  

- To serve as basis of support for the drafting of action plans aimed at reducing noise 

pollution and to serve as an instrument for assessing efficiency of the implemented 

actions. 

- To assess the noise levels exceedance in the different areas of the territory, in 

particular those whose use require special protection against noise, such as cultural, 

educational, residential or sanitary areas. 

- To assess the degree of exposure of the population to environmental noise and to 

calculate the rates of the population and dwellings affected by noise. 

- To serve as an instrument for the drafting, modification and improvement of 

regulatory provisions related to acoustics in the territory. 

- To serve as basis of support to establish actions to preserve the prevailing environment 

in the Quiet Zones of the territory. 

Apart from the more strictly technical use that noise managers in each infrastructure or city 

can make of strategic noise maps for diagnosis, detection of hot spots or prioritization of 

mitigation actions, noise maps also target a wider audience that may not have a technical 

background. According to the END, the strategic noise maps have among their objectives to 

inform the citizenship. But, what does inform mean? It is necessary to approach information 

from several different points of view: 

- To inform the citizen about the noise levels to which they are exposed in their 

residence, or their place of leisure, study or work, etc. 

- To give visibility to the problem, making known the number of people affected by 

noise, and the consequences it may have for the society as a whole. 

- To reveal the contribution of each of the noise sources, in order to determine 

responsibilities and strategies properly addressing each of them. 

- To inform the citizens about the existence of problems derived from noise in their city, 

to make them aware of their location and objectively quantifying these problems. 

- To stablish the need to carry out mitigation actions, as well as giving technical support 

and justification to those actions that authorities may undertake. 

- To make citizens participate in the solutions in order to encourage clean and 

responsive behavior towards the acoustic environment or the soundscape. 

Approaching all these aspects is essential, and noise maps hold the keys to addressing to all of 

them. However, it is very difficult for non-experts to exploit the information from strategic 

noise maps. A person not versed in the subject is not able to fully embrace, rather than 

superficially, the information contained in a noise map. This may, to a certain extent, be a 

problem that distances citizens from the strategy that the authorities are proposing. Firstly, 



 
 

  

because the decibels (A-weighted dB), of which everyone has heard, describe sound in a 

peculiar way.  For example, halving the acoustic energy on a road (halving its traffic 

intensity) will only result in a reduction of 3 dB, which may be disconcerting to a non-expert. 

Secondly, because the indicators used to describe noise pollution on strategic noise maps (Ln 

and Lden), in addition to being expressed in decibels, are based on an equivalent continuous 

sound level. From a strictly technical point of view (such as that of the noise manager, or that 

applied for the analysis of the dose-effect relationship) the use of these indicators is very 

appropriate. They assess the accumulation of acoustic energy during a time reference interval, 

and they also weight the sound level according to the time of day at which it is produced 

(Lden is a day-evening-night weighted noise level). However, these indicators are quite apart 

from the public, who perceive them, in many cases, as mathematical artefacts that do not 

adjust to the reality that their ears perceive (CITAR (Hooper et al., 2009).). The lack of 

dynamic in these indicators, and the shared use of the decibel as a common unit of measure 

for many different acoustic indexes and indicators (instantaneous level, cumulative level, 

equivalent sound level, sound reduction indexes), make it difficult to read the background for 

a person who might feel affected by noise, and/or has not been trained in acoustics. 

Aviation field is well aware of these circumstances, as detailed in Gascó et al. For obvious 

reasons, the aeronautical sector has accumulated great experience in noise management since 

the middle of the 20th century. And this has made it possible to define and investigate 

alternative indicators that can be included in noise maps, such as the Number Above, Time 

Above, or the Australians Noise Exposure Index, the Noise Exposure Forecast or the Noise 

Exposure Concept (CITAR GASCÓ). Recently, alternatives have also been sought in other 

fields to improve this factor, as is the case of the Harmonica project (the information on which 

is dealt with later in this document). 

Strategic noise maps compiled by the European Commission can be accessed in The Noise 

Observation & Information Service for Europe website, by the European Environment 

Agency (http://noise.eea.europa.eu/). The information can be accessed at different scales for 

the separate noise sources that the END addresses (road, rail and air traffic). A basic scale 

shows information regarding the number of inhabitants exposed to different noise ranges 

(Figure 4), while a detailed scale will provide information at street level (Figure 5). 

http://noise.eea.europa.eu/


 
 

  

 
Figure 4. Number of inhabitants exposed to noise 

Member States compile the strategic noise maps in each country too: 

- In Spain, the information can be accessed from the website “Sistema de información 

sobre Contaminación Acústica” (http://sicaweb.cedex.es/ ), created by the 

Environment Ministry. The information is structured according to the round (2007, 

2012, 2017) and the type of map (agglomeration, road, rail, air traffic). The 

information can be easily downloaded in a pdf format. Each strategic noise map will 

have a summary report, and the maps for each indicator requested by the EC (Lden, 

Ln), and also for additional indicators present in Spanish regulation (Ld, Le). The 

maps can also be downloaded in shapefile format. 

Action plans and the cumulated statistics about residents exposure can be also 

accessed from this site. 

 
Figure 5. Railway strategic nose map (Lden) 

http://sicaweb.cedex.es/


 
 

  

 
Figure 6. Noise Mapping website (Spanish Ministry of Environment) 

  

 In Italy, 

 In Turkey, 

- In the United Kingdom there are different website addressing the strategic noise 

mappings: 

o  England: an interactive GIS map showing the road traffic and railway strategic 

noise maps for agglomerations and transportation infrastructures can be analysed 

in a viewer (http://www.extrium.co.uk/noiseviewer.html ) 

http://www.extrium.co.uk/noiseviewer.html


 
 

  

 
Figure 7. England noise map viewer 

o Scotland: an interactive GIS map of the central lowlands of Scotland addressing 

the major sources of noise pollution 

(https://noise.environment.gov.scot/index.html ) 

Along with the impartial and merely descriptive information that strategic noise maps can 

offer, to complement the information that the public receives, it is necessary to use closer 

communicative tools. Of course, we can discuss about redefining noise indicators (as will be 

seen in some of the projects described in this document), but we should not lose sight of the 

fact that the study of noise is only relevant since noise has effects on people. Therefore, 

effective information on noise must address the impact of health in the quality of life, 

hospitalisation risks, risks to public health, health costs, labour costs, depreciation of 

properties. There are a number of studies that try to assess these effects. The DALY 

(Disability-Adjusted Life Year), defined by the World Health Organization (WHO), points in 

this direction. One DALY can be thought of as one lost year of "healthy" life, therefore, a unit 

of measurement in terms that anyone can understand and link to health issues, but which is 

still difficult to assimilate, even for experts in acoustics.  

Some of the main difficulties that arise from the communicative aspects of strategic noise 

maps are described below, in reference to their interpretation and reception by the general 

public. 

Strategic noise maps focus on the analysis of noise produced by industry and means of 

transport because globally, these are the main sources of noise affecting people. Both industry 

and means of transport are linked to the development of a society, and therefore, their 

implementation affects the whole territory. They are the most widespread sources of noise, 

affecting a greater number of people. In fact, road traffic is the noise source to which the 

greatest number of people are exposed in Europe. Today, however, the presence of traffic in 

cities is something to which citizens in general have become accustomed. Thus, noise maps 

can identify hot spots of traffic noise in areas where the population does not feel particularly 

https://noise.environment.gov.scot/index.html


 
 

  

disturbed by the presence of noise or considers it as a necessary evil, a consequence of social 

progress. 

Strategic noise maps only address transportation and industry noise 

On the contrary, there are other sources of noise which, given their smaller presence in the 

territory, affect a much smaller number of people and which are currently not covered by the 

EU strategy. This is the case of noise produced by nightlife activities. Within this concept we 

include a wide variety of activities. Some of them have a limited duration throughout the year, 

so their impact is limited to a few sleepless nights during a concert, a music festival, a fair or a 

municipal festival (not a minor issue, especially considering that is usually repeated every 

year). In other cases, the presence in the city of leisure premises, directly or indirectly, 

generates or attracts noise on a regular basis. This is a situation that is concentrated in the 

nightlife areas of a municipality, and that, is aggravated notably during the weekends, due to 

the greater affluence of people to these areas. In summer, if possible, the problem is usually 

even more serious, because, on the one hand, the temperatures favor the presence of people in 

the streets, and on the other, they favor the residents in the areas to open the windows that in 

winter remain closed. Sometimes these nightlife activities may be linked to the presence of 

amplified music in the outdoor environment, but not necessarily. Sometimes, the problem can 

be caused by the mere presence of clients on the terrace of a bar, holding normal 

conversations, whose accumulation generates a loud sound level that can impede the rest of 

residents in the area. 

This is a much more localised problem than traffic noise, but it is not insignificant because the 

effects of noise in these areas tend to have a much greater impact on the people who live 

there. However, this type of noise is not, at present, in the focus of the Environmental Noise 

Directive (yes of this NTP-Project), and therefore does not appear in the strategic noise maps, 

which, without a doubt, distances them from the citizen, who may consider them to be an 

inefficient device and a useless expense. 

Strategic noise maps only address the long term 

Strategic noise maps aim to evaluate the average acoustic environment over a long period of 

one year. 

The Environmental Noise Directive only raises the need for maps for the indicators Ln (night-

time equivalent sound level) and Lden (weighted average of daytime, evening and night-time 

equivalent sound levels). Therefore, the maps do not allow to observe the changes of the noise 

levels throughout the day. In some countries, such as Spain, the noise maps corresponding to 

the day and evening periods are also communicated, but even so, they refer to accumulated 

values within a time interval. For this reason, the effect of a traffic peak hour, for example, 

can cause a discrepancy between the perception of a citizen who considers their area of 

residence to be noisy and the objective values reflected by the indicator presented on the noise 

map. 



 
 

  

Furthermore, the scenario envisaged for the noise assessment is one year, so it is not possible 

to assess separately the temporal variations that may occur over a week, nor can the seasonal 

effect of some noise sources be appreciated. 

Again, discrepancies between what people perceive and the tool used for noise assessment 

can be problematic in raising public interest in noise pollution. 

Strategic noise maps consider accumulated noise indicators 

The Ld, Le, Ln and Lden indicators are based on the measurement of the equivalent 

continuous sound level. Since each of them uses a pre-determined evaluation period (12, 4, 8 

and 24 hours respectively), each of these indicators describes the amount of energy 

accumulated in the corresponding time period. 

When the sound source evaluated is reasonably stable, a short-duration measure will obtain a 

number of decibels similar to that obtained by the corresponding indicator. For example, if the 

traffic on a road is very stationary, a 15-minute noise measure obtained at 12 o'clock in the 

morning will give a number of decibels similar to the value of the indicator Ld. 

However, the situation is different when the noise source is a succession of sound events. For 

example, a noise measurement of 1 minute duration obtained to asses the noise produce by a 

single flight will have an equivalent sound level much higher than the value of the 

corresponding indicator, measured during the whole period (let’s consider day period). In 

both cases, the measuring device performs the same operation; it integrates the acoustic 

energy received by the microphone and averages with respect to the evaluation interval. In the 

first case, given that the measurement time is very short and includes the sound produce by 

the flight, it will have a high energy average (e.g. 80 dBA), while in the second case the 

indicator shows the accumulated energy produced by the passage of all aircraft, but also the 

time periods when no aircraft is present, so that the energy average is lower (e.g. 65 dBA).  

For a specialist in environmental noise measurement, or for an airport operator, it is obvious 

that it is not possible to assess the acoustic situation of a territory on the basis of the 

measurement of a single flight. This, for example, would lead us to the conclusion that an 

airport with 5 daily operations and one with 500 daily operations are just as noisy. However, 

non-specialized personnel may perceive this technical tool as a trick aimed at overcoming the 

limitations established by noise legislation (CITAR HOOPER). This is a situation that can 

undermine confidence in the indicator or its usefulness, and therefore in the noise maps that 

are constructed based on it. 

Although we have described the situation by focusing on airport noise, this situation can occur 

in other types of noise sources, such as railway noise, noise caused by motorcycles, lorries... 

While the user aims to evaluate the specific noise that has caused him discomfort at the time it 

occurs, and at the time when the noise reaches its maximum intensity, noise maps are based 

on long-term accumulated values that do not allow us to assess the worst case but rather 

evaluate based on averages. 



 
 

  

Noise maps are static, while noise is a dynamic phenomenon, which is continuously evolving. 

This is a circumstance that some EU funded projects, such as Dynamap are addressing. 

 



 
 

  

 

2.2. Noise monitoring 

Noise measurement is also a basic tool in the field of environmental noise management. 

In the case of audits of specific activities, motivated, for example, by a complaint, a qualified 

technician using a hand-held sound level meter carries out the noise measurement. These are 

often short-term measurements that aim to evaluate the intensity of sound that, coming from 

the assessed activity, affects a set of locations. The measuring instrument must be certified, 

complying with the specifications of the international standard IEC 61672-1:2013. On the 

other hand, the measurement is relatively simple, but requires a certain degree of technical 

qualification, not only in the handling of the measuring instrument, but also in terms of 

understanding the behavior of sound propagation and the peculiarities of its measurement, 

which are detailed in ISO 1996. In order to carry out this type of measurement, it may be 

useful for the technicians to have a certain level of communication skills, since very often, in 

order to be able to carry out their work, they encounter obstacles derived from the 

confrontation between the parts involved. In addition, the way of reporting the results of the 

measurement can also be beneficial if the use of technical vocabulary is simplified and the 

results are explained in a simple and easy way that can be understood by individuals not 

experienced in acoustics. However, these types of actions generally do not have social 

implications, so it is not necessary to communicate results to the general public. 

 
Figure 8. Hand-held sound level meter (Brüel & Kjaer Type 2250) 

However, environmental noise, understood as a long term situation generated by transport or 

nightlife, is a problem that affects the health and well-being of citizens. It is a public health 

issue, the monitoring and evaluation of which must be communicated to a large audience. The 

vast majority of this public has no knowledge of acoustics, many of them are not aware of the 

threat that noise poses to their health, others are not bothered by the noise. In this case, noise 

managers have the arduous task of raising awareness and informing people who are not really 

interested in the subject, so the challenge is to inform them and claim their attention and 

participation. Others, the least, do perceive the aggression of sound in a direct way, they 

consider themselves affected by the noise, they are concerned about the matter and they 

demand information that allows them to monitor the noisy activities that disturb their lives. In 

this latter group, the information provided must not only be clear and precise, but must also be 

reliable so as not to increase distrust and rejection. It is quite common to find that noise maps 



 
 

  

are not valued very positively in this group of people.  The simulations on which they are 

supported do not generate too much confidence, which, together with the other reasons 

previously argued, disables noise maps as a really valid communication tool for this group. 

Noise monitoring systems allow to assess noise in the long-term at specific target locations. 

This is a set of sound level meters equipped with a microphone with outdoor protection, 

which make noise measurements and submit them into a computerized management system. 

Each noise monitoring unit has a sound level meter that is able to perform unattended 

measurements. It must allow a remote control and data transmission to execute measurements 

automatically and continuously over long periods. Especially in airports, but also in many 

cities, the location and operation of these instruments is permanent, allowing monitoring the 

evolution over time and calculating the long-term indicators required for the assessment of 

noise pollution. 

 
Figure 9. Svantek SV 307 Noise Monitoring Terminal 

 

Figure 10. Noise monitoring unit installed in a lamp-post 



 
 

  

 

Usually, the noise monitoring units perform measurements of a very short duration (1s to 1 

minute), and it is the management system that calculates the indicators for reference periods 

of longer duration (such as Ln, or Lden, monthly averages, annual averages, etc.). This way of 

measuring allows the post processing of the measurements according to the specific 

application for which they are intended. 

Figure 11 contains an example of the for the case of aircraft noise, measurements are 

performed at one-second intervals. This makes it possible to carry out a post processing with 

them to distinguish the noise produced by a flight, and thus calculate the contribution that 

each flight makes to the total environmental noise. 

 
Figure 11. Running 1 second measurements (LAeq,1s) during an aircraft pass by 

In Figure 12 the short measurements have been processed to calculate the equivalent sound 

level of each hour of the day in order to find daily patterns, and compare them between 

different days of the week. 

 
Figure 12. Hourly time series of the noise level in a nightlife area in Málaga 

Ld, Le, Ln or Lden indicators defined by the Environmental Noise Directive can also be 

calculated from short-term measurements. Figure 13 shows how these indicators evolve over 

the days in a location. The use of color coding on the bars of the graph (green, yellow, orange 

and red) makes it easier to locate the days on which the set limit values were exceeded. In this 

case, the measurements were performed during the summer months in Malaga (2015), and we 



 
 

  

can clearly observe the effect that the Feria de Málaga had on this monitor (red bars).  With 

proper coding, the graph is easier for the reader to interpret, and the reader is not required to 

know how the indicators are calculated or what the limits are in this area. 

 
Figure 13. Time series of Ld over 3 months (Málaga 2015) 

In general, the use of a noise monitoring system aims to provide a joint response to the 

following objectives: 

− To obtain objective indicators to describe the acoustic situation in a set of locations, 

especially in cases where there are no validated models for predicting sound levels (as 

in the case of noise from nightlife). 

− To inform the residents about the noise exposure at their homes, given that these are 

data that affect public health, and citizens have the right to know information about 

environmental stressors that affect their wellbeing. 

− To rate the problem in comparison to regulations. Occasionally, the problem generated 

by noise may seem obvious and not require further diagnosis by measurement. 

However, measurements are objective data that irrefutably describe a reality, and that, 

in addition, can be compared with limits to determine the degree of affection that the 

noise is generating. 

− To compare different locations and areas with the goal of establishing priorities for 

action plans. Very often we will find similar problems in different areas of a city, 

demanding in all of them actions to mitigate the noise. The objective diagnosis by 

means of measurements can be extremely useful for the noise managers, in order to 

determine degrees of affection and to establish objective criteria of prioritization of the 

actions to undertake. 

− To determine which is the sound source that originates the noise, or to determine 

patterns of behavior of that source. The adequate treatment of the measurements can 

help to determine temporary patterns of the noise that help to understand which are the 

causes that originate it, or help to search and to implement actions of control of these 

causes. 

− To raise noise awareness at all levels of society. Sometimes there may be a level of 

prejudice towards people complaining about the excess of noise. The subjectivity of 

this pollutant causes the perception of a situation to be different from one person to 

another, depending on factors that have nothing to do with acoustics (such as 



 
 

  

economic interests, job creation, mobility, etc.). In addition, the people in charge of 

managing noise, or those responsible for the activities generating it, are not usually 

affected by the acoustic situation that the affected person reports. For this reason, the 

implementation of noise monitoring campaigns, and the presentation of results can 

help overcome prejudices by revealing a reality that remains hidden to all those who 

are not involved in it. The results of a noise monitoring campaign contributes to 

making a problem visible, which should serve as a starting point for finding a solution. 

This is probably one of the greatest challenges, and the reason why those affected by 

noise demand monitoring. 

− To give support to any mitigation action. Action against noise, in general, are not free. 

Sometimes the costs are merely economic derived from the implementation of the 

action, as in the case of the construction of an acoustic screen, the installation of 

acoustic insulation in a home or the acoustic resurfacing of a pavement. Other times, 

reversing the situation can have very different types of implications. For example, 

regulating street traffic can affect the mobility of a city, or regulating the opening 

hours of nightlife venues can affect economic activity and employment in the area. In 

any case, the decisions will have a cost, and therefore will require a justification from 

the noise managers (with regard to their company, with regard to the municipal 

government, with regard to the voters, etc.). Measurements are objective data 

describing a real situation. The evidence they provide can help justify the costs of 

mitigation actions (whatever the implications are). 

− To measure the effectiveness of the actions implemented. This is extremely useful for 

managing future situations and learning from one's own mistakes and successes. In 

addition, if the actions have been effective, it will make it possible to justify the costs, 

and to show the people affected by the noise the efforts undertaken and the 

achievements made. 

− To offer citizens data from measures, as these are more reliable, especially when they 

can access them in a simple way, through a web platform that allows them to access 

the data of the sound event that has caused discomfort. 

Since measurements are less reliable than simulations, the implementation of noise 

monitoring systems is a very effective means of restoring residents' confidence in noise 

managers. As already mentioned, the lack of confidence is a factor that favors the 

intensification of the problem, therefore, the mere fact of measuring already contributes to 

tempering the moods and favors the understanding between the parts, reducing the perception 

of annoyance. 

Airport managers are well aware of this phenomenon, as they have been dealing with the 

problem of noise and relations with residents for years. In this sector, it is becoming 

increasingly necessary to install noise monitoring systems with platforms for displaying data 

on the web. In this way, the data is visible to residents whenever they wish, without having to 

follow complicated procedures to obtain the results of the measurements. In these platforms, 

the data are usually available with a delay time, but this is a minor issue, since the use of 



 
 

  

second by second measurements, and the presentation of the aircraft trajectories allow the 

user to identify a specific aircraft, knowing the noise levels that any specific aircraft has 

emitted and the flight path at that time. This way of visualizing the data is much closer to the 

user, who can verify that the maximum noise level generated by the aircraft has been 

measured (according to their perception of the sound), and is being taken into consideration in 

the measurement. In addition, these platforms usually add the possibility for the user to make 

a complaint in relation to the noise emissions produced by a particular sound event. By 

showing the noise data second by second, the understanding of the measurements is more 

user-friendly, as the results are closer to the dynamic situation that the user himself has 

experienced. Some of the platforms allow visualizing, as if it were a movie, the changes in the 

sound levels. All of this contributes to improving communication with residents (CITAR 

LUIS). 

Although these transparency policies have had very positive results in the case of airport 

noise, cities are more reluctant to implement them on their noise monitoring platforms. 

In cities, it is quite common to find that measurements are taken minute by minute. From the 

manager's point of view, this is a more than sufficient resolution to calculate the indicators, 

rule out corrupt measurements, or find acoustic phenomena worthy of attention. However, 

when the system provide a real-time visualization of measurements, the user must wait one 

minute for the data to be updated, which makes the experience less satisfying. In addition, 

every minute the system offers only one new data, which loses the dynamism of the situation 

that the user has experienced in the real scenario. In addition, it is much more complicated for 

the user to find the measurement corresponding to the phenomenon that has caught their 

attention. For example, if the user is interested in visualizing the noise levels produced by a 

motorcycle, he can do so in a very simple way when the resolution of the measurement is one 

second, however, when the resolution is one minute, it can be difficult to appreciate the effect 

of the motorcycle that the averaging process has diluted. If the user does not understand what 

is being measured, or this does not adequately adjust to the reality perceived, the noise 

monitor will lose its effectiveness as a communication tool. 



 
 

  

 
Figure 14. Aena's noise monitoring web platform (Webtrack) 



 
 

  

 

One of them big European cities with a noise monitoring network is Barcelona. Its data 

management and visualization platform (Sentilo), which is detailed later in this document, 

allows a real-time visualization of noise levels. With the help of a map, the user can locate the 

noise sensors (as well as other pollutants) and observe the results of the measurements. The 

viewer shows the map with the location of all the sensors, which is extremely positive, 

however, the symbols used on the map only allow the sensor to be located on the map, not 

providing information on existing levels.  The user can click on each one of the sensors to 

access the measurement results, but there is no possibility of visualizing on the map the global 

acoustic situation of the city, as it is done, for example in Figure 14 referring to airport noise 

monitoring. The platform displays the measurements in real time, with an update time of one 

minute. In addition, the system allows visualizing a historical of the existing sound levels in a 

point.  

The platform presents some disadvantages from the point of view of communication with the 

user: 

− The measurements are made minute by minute, and therefore, the screen takes a 

minute to refresh. 

− The user only has access to the results of the minute-by-minute measurements. The 

results of the day, evening and night indicators, on which the regulation imposes 

limits, are not shown. This can also be a disadvantage, as the non-specialist user can 

misinterpret the results by comparing the decibels measured minute by minute 

(LAeq,1min) with the limits set for the corresponding indicator (e.g. Ld=LAeq,12h). 

− The system does not have the possibility of downloading data. 

If we take into account all these circumstances, we realize that the tool fails to address 

communication aspects, since the users do not have real access to relevant information 

describing their exposure to noise, or the acoustic quality of a territory. Therefore, the noise 

monitoring network, despite its extension, is only useful for noise managers. 

Also in Spain, the city of Madrid has an extensive noise monitoring network consisting of 31 

fixed stations. Together with the fixed stations, the network includes data from moveable 

stations, which circulate throughout the city to measure the sound level during periods of 

changing duration (from hours to days). This is one of the most extensive noise monitoring 

networks in European cities, and has the advantage that the municipality makes the data 

publicly available through its open data portal, allowing third parties to use the information. 

However, the monitoring system does not have an ad hoc platform for web visualisation of 

the data, which makes the process of public information very difficult: 

− The consultation of data is extremely complex and confusing through the website of 

the municipality, so it may not have been feasible to analyze in its entirety the scope of 

the data offered. 



 
 

  

− The map with the location of the monitoring terminals is not linked to the 

measurements, which does not allow a quick access to the information. 

− There are no graphs of visualization of the measurements, neither in real time, nor a 

history of the measurements. 

− The display formats present the daily indicators, but there is no access to information 

with higher resolution (hours, minutes). 

− The visualization of data is carried out by means of a query form that refers to the day 

prior to the query, or to the month prior to it. A table shows the the indicator according 

to the results of the query, which can either refer a single location, or a number of 

them. 

− The transparency portal containing the open data about the measurements, has a lot of 

limitations and it is difficult to access for the average citizen, since data tables that are 

presented in plain text and with a coding that must be consulted separately. 

A different approach was implemented in the city of Malaga (Spain) in 2015, where a 

temporary campaign was carried out. Seventeen monitoring terminals were deployed in areas 

of the city where nightlife noise was identified as a problem, characterizing a total of 41 

locations with measures of at least two months duration. The monitors made measurements 

second by second, which were presented to the user in real time by a web platform. The time 

series chart showed the user the last 10 minutes of the time series, in 1 second intervals, 

updated each second. In addition to the access to real-time data, the platform allowed queries 

to be made on the historical data, and presented the noise indicators and time series (1 minute) 

corresponding to the period selected by the user. The user had access to download the data 

from the platform, which also had a form for reporting noise complaints. In this initiative, 

surveys were conducted to assess citizen perception about the monitoring. In general, the 

performance of the monitor was valued very positively, and especially the fact of having a 

monitor very close to residents, despite the fact that they were measurements with a limited 

temporal duration (some months). The possibility of having access to the data in real time was 

also positively valued. 



 
 

  

 
Figure 15. Madrid noise monitoring network. Web reporting example 

 

Figure 16. Noise monitoring platform in Malaga 



 
 

  

 

The noise monitoring network of the Greater Paris region (Bruitparif) presents the noise 

measurements of fixed and mobile monitoring stations, integrating into a single network 

monitors aimed at the characterization of all types of noise sources. The measurements are 

carried out second by second, and the display system allows zoom to get to show the detail of 

that resolution. In addition, data are displayed on the platform with a very short delay of a few 

minutes. The platform shows both the measurements made by the system and the indicators 

calculated from them, also providing reports on the assessment of environmental noise. As far 

as citizen communication is concerned, two aspects that airport noise platforms usually collect 

are missing in Bruitparif: a) that the map with the locations allows the sound levels to be 

visualised, b) that the data are updated second by second, improving the sensation of 

dynamism in them. Later in this document, we present a specific section to detail the main 

features of Bruitparif. 

Quality assurance 

An important aspect that should be taken into consideration when implementing a noise 

monitoring network concerns the reliability and quality of the measurements made, and the 

compliance with the legal metrology requirements of the measuring instruments. 

In general, municipalities do not use unattended noise monitoring systems to perform noise 

audit for the purpose of sanctioning an activity exceeding the limits. Rather, they use 

monitoring networks to inform the public about their exposure to noise, to track the evolution 

of noise levels in an area, to validate noise maps and to monitor the impact of a municipal 

intervention or the effectiveness of an action against noise. In this case, instrument accuracy 

requirements are not as high as when an audit is carried out, and therefore it is often 

considered feasible to reduce the costs of Type I measuring instruments by using other less 

costly instruments. 

Although, a priori, this approach seems sufficient, it should be borne in mind that in many 

cases, indirectly, the results of these measurements end up affecting a decision-making 

process. For example, the results of these measurements may imply the taking or not of 

decisions in relation to the redefinition of land uses, or the need or not to implement actions in 

a nightlife area. For these reasons, it is important to guarantee a certain degree of quality of 

the measuring instruments, this requirement being defined from the application of the 

international standard for sound level meters IEC 61672-1:2013. 

In addition, with the strong implantation of sensors in smart cities, a number of manufacturers 

have emerged who build noise sensors without previous experience in this type of instrument. 

If we take into account that the microphones are also quite sensitive to weather conditions, 

ensuring the quality of the results implies a metrological control of the sound level meters. 

According to the DIRECTIVE 2014/32/EU OF THE EUROPEAN PARLIAMENT AND OF 

THE COUNCIL of 26 February 2014 on the harmonization of the laws of the Member States 

relating to the making available on the market of measuring instruments, ‘legal metrological 



 
 

  

control’ means the control of the measurement tasks intended for the field of application of a 

measuring instrument, for reasons of public interest, public health, public safety, public 

order, protection of the environment, levying of taxes and duties, protection of the 

consumers and fair trading (CITAR). Therefore, regulation in the field of legal metrology 

should apply to instruments that measure noise, since the use of such measurements is related 

to public health, environmental protection and may lead to the adoption of measures by 

competent authorities that affect consumer protection and fair trade. In fact, the regulations of 

the European states contemplate regulation relating to the metrological control of sound level 

meters, which should be applicable to all instruments for measuring noise, although they are 

given a different name trying to bypass these legal requirements. 

Although it may seem common sense to relax and harmonize the metrological requirements 

for this type of instrument to some extent, given their specific scope of application 

(verification times, dynamic ranges, bandwidth), they should certainly not be excluded from 

legal metrological control, which is currently clearly defined in the EU member states. In this 

sense, a need for research seems to emerge in the establishment of metrological requirements 

more suited to the intended use of these instruments, as well as in relation to their remote 

metrological verification. 

Another important aspect is the technical qualification of the professionals who implement 

and install noise monitors. For example, the reference standard for the measurement of 

environmental noise, ISO 1996, establishes requirements to minimize the influence on the 

measurement of undesirable reflections and acoustic effects, which can distort randomly and 

tremendously the results reported by sound level meters. However, in many cases it is 

observed that the equipment is inadequately installed, with the microphones too close to 

reflective surfaces, corners, large streetlights, or even too close to the housing that protects the 

hardware of the instrument itself. 

 
Figure 17. Example of a bad installation of a noise monitor 

(Source: deliberately hidden) 



 
 

  

 

 

2.3. Acoustic warnings 

We refer as "Acoustic warnings" to those measuring instruments whose results is intended to 

alert about an excess of noise. Some municipalities try to raise awareness among people who 

enjoy nightlife using these type of indicators. When the noise level threshold is exceeded the 

instruments switches a warning light on, asking people to reduce the level of noise they 

produce and to respect the calm that the residents of the area demand. 

 
Figure 18. Warning light for excess noise in Bilbao (left) and Málaga (right) 

 

3. GOOD PRACTICES 

This section highlights, as an example, some of the most relevant initiatives that have been 

taken at European level to try to improve the communicative aspects in relation to noise 

pollution. 

3.1. Bruitparif 

Bruitparif is center for the technical assessment of the acoustic environment in France. It 

provides support for stakeholders in the Paris region to define, improve and evaluate public 

policies to prevent and fight noise pollution. With the help of its noise monitoring network, 

the maps and the studies it produces, Bruitparif provides reliable, independent and transparent 

information on noise levels in the Île-de-France region and thus meets the needs of residents 

of Paris Region and environmental protection associations. 

All types of sources and sound environments are within its scope: proximity to road and 

motorway infrastructure; areas affected by aircraft overflights; proximity to railway 

infrastructure; urban contexts of multi-exposure to noise; neighborhood of industrial activities 

or major construction sites; animated districts; leisure areas: discos, concert halls, festivals, 

etc..; establishments receiving the public; quiet areas. 

The most relevant role of Bruitparif in relation to this intellectual output is related to the 

information role it plays by disseminating data, studies and information on the noise 

environment in the Île-de-France region and by participating in public awareness campaigns. 

In addition to its high level of expertise in the field, and its commitment to technical quality, 



 
 

  

the reliability and impartiality of the measurements it performs and the reports it prepares, its 

commitment to transparency is noteworthy.  Bruitparif works according to the principles of 

open data: 

− The data that is collected is in the public domain as soon as it is processed. 

− The data and studies are made available to the public in a transparent manner, 

especially from your website. 

− Any organization or person may publish or communicate to third parties the data or 

results obtained by Bruitparif, or may exploit them without prior authorization. 

Bruitparif uses pedagogy and a sense of popularization to disseminate its data and studies and 

mobilize as many people as possible. To do this, it uses all the tools at its disposal, with the 

idea of making the technical interpretations simpler and closer to the end users (residents, 

stakeholders and policy makers). Bruitparif shares knowledge and practices with the general 

public, professionals, students, young people, by providing them with appropriate tools. 

3.1.1. Noise maps 

(http://carto.bruitparif.fr) 

This noise mapping platform implemented by Bruitparif centralizes the strategic noise maps 

and environmental noise prevention plans available in the Île-de-France region as part of the 

implementation of the European directive 2002/49/EC. It allows the competent authorities in 

the field of noise pollution control to publish the expected information and documents in 

accordance with regulatory requirements. It should be noted that the results presented on this 

platform are not linked to actual measurements made throughout the territory. These are 

results of noise simulations carried out in accordance with the guidelines established by the 

Environmental Noise Directive. Noise levels are calculated using models that allow noise 

emissions to be assessed on the basis of the number and type of vehicles travelling on a road, 

the number and type of trains travelling on a railway line, or the number and type of aircraft 

flying over the airspace. 

CARTO is a GIS platform in which the user can easily navigate and zoom to find the sound 

levels in any location. It represents the results of strategic noise maps, and the user can choose 

whether to see the most recent map or the previous ones, as well as choose the type of noise 

on which they want to focus (road traffic, rail, air or altogether). The user can observe the 

sound levels in a scale of colors, in bands of 5 dB between 45 and 75 dBA. The user can also 

easily choose the represented indicator, Ln (night) or Lden (day-evening-night).  

http://carto.bruitparif.fr/


 
 

  

 
Figure 19 Screenshot of the Bruitparif CARTO website 

(https://carto.bruitparif.fr, accessed 07/23/2019) 

The tool has multiple navigation options, and has an address finder with which the user can 

navigate the map easily, intuitively and accurately. The official document corresponding to 

the selected strategic noise map is also presented on the platform. However, one of the most 

unusual and novel options presented by this platform is the open access it offers to the digital 

files that make up the map layers in shape (shp) format. Without a doubt, this very useful tool 

offers end users and professionals in the field, a complete access to data, which can be 

compared or linked with other variables, opening a large number of opportunities for research 

and analysis. 

In the PPBE section (action plans), by a simple click on a territory, all the environmental 

noise prevention plans adopted by the competent authorities are made accessible. A means for 

the citizen to access noise data as close to home as possible as well as concrete actions 

implemented by public authorities to combat noise pollution. 

All results and measurements can be downloaded in an excel file. 

https://carto.bruitparif.fr/


 
 

  

 

3.1.2. Noise monitoring 

(http://rumeur.bruitparif.fr) 

Unlike CARTO, the RUMEUR platform is used to report the results of actual noise 

measurements made in the territory. Its main page shows a map with the location of all the 

measurements made, according to three categories: long term monitoring in course, long term 

monitoring completed and short term measures completed. 

The appearance of RUMEUR and the navigation it offers are very similar to those of 

CARTO, but instead of there being a colour mapping of the sound levels, only points are 

mapped with the location where the measurements have been carried out, differentiating 

between the three types mentioned. On this main page it is not possible to obtain any noise 

data, but it does provide an overview of the extent of the network and the amount of 

measurements that have been made. 

When the user clicks on any of the locations, it gives way to a second screen, where all the 

results of the measurements are presented. This information shows a more detailed map of the 

specific area where the measurements are made, and presents some photographs referring to 

the location of the noise monitor, as well as the reports, in pdf format, obtained in those 

locations. 

In the lower part of this screen, there is a graph with the time series of the sound level. The 

user can choose the level of detail of the graph, allowing to visualize the results in daily 

intervals, schedules, or in the smaller intervals in which the measurements were performed (1 

second). 

The following Figure shows the results that RUMEUR shows in the case of a location 

intended to measure aircraft noise. In this case, the zoom of the graph allows to observe 

measurements at intervals of one second, and also incorporates an indication that allows the 

user to identify the presence of an aircraft. In this case, the system allows the user to listen to 

the sound recorded during the passage of the plane, at the same time that the graph is shown 

with the generated sound levels. 

http://rumeur.bruitparif.fr/


 
 

  

 
Figure 20  Screenshot of the Bruitparif RUMEUR website, measurement logs 

(https://rumeur.bruitparif.fr, accessed 07/23/2019) 

RUMEUR also makes it possible to present the main indicators that describe the acoustic 

environment of the area over time (LAeq, Ld, Le, Ln, Lde, Lden). The time series of noise in 

the last years, the evolution of the noise in the present year, or the hourly evolution of the 

noise in the current day. The tables and graphs shown in this frame can be customized by 

those users who are interested in specific time periods. 

In the case presented in Figure 21, since it is a location defined to characterize aircraft noise, 

it is possible to report the contribution of this specific source to the total environmental noise, 

showing lines with the reference values that would be applicable, which will help the user to 

assess more accurately the situation in that location. In these reports, it is possible to obtain 

the same indicators used to describe the environmental noise LAeq, Ld, Le, Ln, Lde, Lden, so 

it is possible to assess the relevance of this source on the total noise in the area. 

In addition, given the nature of the noise generated by aircraft, the platform presents event-

driven indicators. On the one hand, by means of bar graphs showing the distribution of the 

maximum sound levels (LAmax) produced by the aircraft. On the other hand, through the use 

of an indicator widely used in airport surroundings, such as the NAx (Number Above x), 

which indicates the number of operations that have exceeded x decibels. 

https://rumeur.bruitparif.fr/


 
 

  

 
Figure 21  Screenshot of the Bruitparif RUMEUR website, noise indicators 

(https://rumeur.bruitparif.fr, accessed 07/23/2019) 

In addition, given the nature of the noise generated by aircraft, the platform presents event-

driven indicators. On the one hand, by means of bar graphs showing the distribution of the 

maximum sound levels (LAmax) produced by the aircraft. On the other hand, through the use 

of an indicator widely used in airport surroundings, such as the NAx (Number Above x), 

which indicates the number of operations that have exceeded x decibels. 

RUMEUR also allows to make comparisons of the sound levels registered in one place during 

two different time intervals, or to compare the level registered in two different places during a 

specific time period. In this case, it is possible to use environmental noise indicators, aircraft 

noise indicators, or even the Harmonic index, which will be described later in this report. 

3.2. Dynamap 

(http://www.life-dynamap.eu) 

Dynamap is a European project born with the aim of developing a methodology to generate 

dynamic noise maps in real time. The project, funded by the LIFE + initiative, started in 2014. 

During this period, the partners have developed several actions: a) they have developed a 

prototype of low-cost sensor to measure the noise levels involved in the noisy activities 

present in urban areas; b) they have also developed a software tool to generate dynamic noise 

maps that use information from sensors and other data sources; and c) they have implemented 

tests to verify that every method designed works properly in a real environment. The tests, 

which have been built as two pilot experiences, are located in Milan and Rome (Italy). 

Dynamap Milan focuses on verifying how the system developed works in an urban 

environment in which several types of noise sources are present. On the other hand, the pilot 

in Rome centers on the noise produced by road traffic near a by-pass highway. 

https://rumeur.bruitparif.fr/
http://www.life-dynamap.eu/


 
 

  

One of Dynamap’s main objectives in terms of noise data communication is to improve and 

facilitate public access to information through dynamic user-friendly visualizations. With that 

aim, the team developed an interactive GIS noise map viewer, shown in the Figure 22. The 

usability of the platform has been validated through user surveys and web-elements have been 

included, eliminated and repositioned during the implementation for a better understanding 

[3]. 

The web page of the platform is split into two sections: 

− The area on the right is a map viewer based on the OpenStreetMaps cartographic 

layer. The Noise map is displayed by using the Harmonica Index, identifying 10 

harmonica levels with their associated colors, as a traditional noise map. The map is 

updated every 30 seconds, allowing the user to identify noise changes in real time. 

This allow the user to identify differences in the noise levels, and they can interpret 

such as real noise and not as a mathematical artifact (REF).  

− The area on the left of the screen is used to give information about the noise levels to 

which buildings are exposed. When the user clicks on a building, specific details 

about the construction such as its type, number of residents and height are displayed. 

In addition, it displays the evolution of the harmonic index during the last 24 hours, 

and also an explanation about the Harmonica Index in a video. 

 
Figure 22. DYNAMAP Milan platform website 

https://milano.noisemote.com 

In the case of the pilot test in Rome they give information about the effect that an action plan 

would have on the exposure suffered by the buildings in the vicinity of a noisy infrastructure. 

The system indicates the perceived noise level in each of the buildings with a four-color scale: 

green, orange, red and grey, in the case of a non-residential building, as shown in Figure 23.  

https://milano.noisemote.com/


 
 

  

In the platform the user can see the current situation of perceived noise in buildings, and the 

effect that would have the panned noise mitigation measures. These mitigation actions are 

marked on the map in three ways: A blue-line for low noise pavements, a green-line to show 

the position of future noise barriers, and a yellow semicircle on the building to mark the area 

of the façade in which a change to soundproof windows is proposed. In addition, they explain 

what is an action plan and the effects on perceived noise as well as guidelines to reduce noise 

pollution. 

  
Figure 23. DYNAMAP Roma website.  Left) Visualization of part of the map before 

implementing action plans 

Right) Visualization of part of the map after implementing action plans 

(https://roma.noisemote.com) 

3.3. Sentilo BCN 

(https://connecta.bcn.cat/connecta-catalog-web/) 

Sentilo is an open source platform designed to display and load in a common application all 

the information provided by the sensors deployed in a city. It was designed with the aim of 

breaking the data silos present in the different departments of a municipality, trying to 

centralize all the geolocated information available in a city in a single platform that would 

allow citizens and managers to obtain information about the city’s environment. 

Sentilo is device-agnostic and cross-platform, which means that municipalities can upload 

information to the system regardless of the type of device that gathered the data. In addition, 

applications using data from this platform can be created using the REST API included in the 

platform. Figure 24 shows, Sentilo acts as a link between the different data providers of a 

smart city, coming from different sensors deployed by the city councils, and the applications 

that intend to use that data. The platform also provides storage functionalities as well as 

simple data processing techniques such as alarms. 

https://roma.noisemote.com/
https://connecta.bcn.cat/connecta-catalog-web/


 
 

  

 
Figure 24. Layered structure in which sentilo is found. Source: Sentilo 

http://www.sentilo.io/wordpress/sentilo-about-product/what-is/ 

The most important deployment of Sentilo in a large city is Sentilo BCN (Barcelona, Spain), 

which currently operates a network with more than 17500 devices including sensors of air 

quality, temperature, human flow, and urban noise, among others. Sentilo BCN shows the 

information acquired by the sensors connected to the applications by means of an interactive 

map based on a Google Maps cartographic layer, where users can see in the map all the 

sensors allocated in different areas of the city or filter some of them, as presented in Figure 

25. 

Regarding the manner information on noise pollution is displayed, a loudspeaker icon is used 

to identify the location of noise monitoring units. In the case of Barcelona, any noise sensor 

can potentially be connected to this platform. The network has Type I certified monitors 

(according to State Level metrology requirements), and Type II monitors (according to 

manufacturers claim). 

When a user clicks on any of these icons, a small pop-up appears on the screen showing: a 

sensor identifier; the current noise level, measured in dB(A); the battery level, measured as a 

percentage of charge; and whether the equipment is charging. When this pop-up is clicked, a 

strip appears on the bottom of the page where users can observe the evolution of noise level in 

a time-slot of 20 minutes, with data each minute, and with possibility to observe previous data 

by using two arrow buttons at the bottom of the graph. 

http://www.sentilo.io/wordpress/sentilo-about-product/what-is/


 
 

  

The following Figure shows the results that Sentilo BCN displays in the case of a location 

near a big avenue in Barcelona. In this case, the graph allows observing each minute 

measurement, but there are not color indicators to inform the user whether noise levels are too 

much high according legislation, unlike what happened at BruitParif Rumeur. 

 
Figure 25. Sentilo BCN platform website, showing the type of sensors available in the 

platform (https://connecta.bcn.cat/connecta-catalog-web/component/map) 

 

 
Figure 26. Sentilo BCN platform website, showing the noise level time series when clicking on 

one of the sensors 

Although, as mentioned above, the platform does not adequately deal with some of the 

aspects related to the communication of sound levels, it has been included in this section of 

good practices because it envisages some clearly advantageous aspects. Firstly, a public 

administration has developed the platform, thus it is available to others who might be 

https://connecta.bcn.cat/connecta-catalog-web/component/map


 
 

  

interested in its implementation. In addition, it allows the incorporation of sound level meters 

from different manufacturers, as well as the integration of low-cost noise sensors. This allows, 

as in the case of Barcelona, to significantly increase the number of measurement locations. 

All these locations show information on sound levels to the public (with the limitations 

already raised), which can help to improve public awareness on the subject. Moreover, again 

in the case of Barcelona, citizens can make a request for information to the city council, and 

therefore indirectly, know noise data in a good number of locations. 

3.4. Harmonica Project 

(http://www.noiseineu.eu/en/20-the_harmonica_index/) 

Some studies show that the metrics used to report noise levels are not understood by the 

public not specialized in environmental acoustics [1]. The LIFE HARMONICA project was 

conceived with the main objective of developing a new metric able to represent environmental 

noise levels in a simple manner so that they can be easily be understood by the public, the 

Harmonica Index. 

The Harmonica index instead of using decibels, a unit difficult to interpret and unfamiliar to 

most people, uses a 0-10 scale obtained after transforming LAeq measurements. The 

Harmonica index is linked to a graphical representation that differentiates between 

background noise and the event-related noise level over a period of time. As shown in Figure 

26, the background noise level is represented in a bar graph, while the noise component 

related to noisy events is shown with a triangle at the top of each bar. In addition, the 

geometric shapes are colored according to the index value: green for low noise, orange for 

loud, and red for very loud. 

 
Figure 27. Harmonica index visualization 

In order to facilitate and spread the use of this index, the software “toots” was developed, 

whose operation is shown schematically in the Figure 28. In this tool you can introduce the 

LAEq,1s values measured by the noise sensors, and export the standardized Harmonica index 

http://www.noiseineu.eu/en/20-the_harmonica_index/


 
 

  

representations that show the evolution of this index hourly. If the professional wishes to 

display the results on a web page, the results need to be published openly on the NoiseInEU 

website, and then they can be retrieved through an API for inclusion on any website. 

 
Figure 28. Schematic diagram of the software toots 

(Source: NoiseInEU! 

http://www.noiseineu.eu/en/20-use_harmonica_index/subpage/view/page/14500) 

3.5. Airport noise monitoring systems  

Noise monitoring networks and communication of measured noise levels have proven to be 

non-acoustic factors influencing airport acceptance [4]. In terms of data communication, 

airports and companies made efforts to improve systems for visualizing information related to 

airport operations, including noise level measurements.  

3.5.1. Information to the public 

Currently airports provide web-applications to communicate in real-time the noise levels near 

their infrastructures. These applications use the data gathered by the Noise and Operations 

Monitoring Systems (NOMS), such as noise levels and paths followed by aircraft, and show 

on a map. The following Figure 29 presents a summary of the most usual visualizations on 

these platforms: 

http://www.noiseineu.eu/en/20-use_harmonica_index/subpage/view/page/14500


 
 

  

 

Figure 29. Summarization of ways to show information in NOMS [2] 

 

The main aspect of these tools is the information they provide and how they provide it, both 

in relation to noise levels and in relation to other parameters: 

− Noise levels: Real-time noise levels are presented by circular tags with the noise level 

embedded within them, the value of the tag is updated every second and changes 

shape when a noise event is detected. In addition, depending on the noise level the tag 

has a different colors. If the user clicks on the tag, they can visualize the evolution of 

noise levels over a period of time and observe how emissions increased when an 

aircraft passed nearby. 

 

− Routes: These platforms usually show which are the pathways followed by the aircraft 

in real time, allowing the public to recognize whether the aircraft is landing or taking 

off. In some of the platforms, a red dotted line and a red aircraft icon describes 

landings, while the color are green for take offs. On other platforms, the line 

represents the current flight altitude of the aircraft, which is represented with an icon. 

People can also identify the most annoying operations and submit a complaint to ask 

managers to review if the operation was carried out in accordance with the applicable 

legislation. 

3.5.2. Accreditation 

EMS Bruel & Kjaer was recently recognized with the first accreditation of airport noise 

monitoring systems according to ISO 20906 [5]. This type of accreditation for noise 

monitoring systems is positive in two aspects. On the one hand, it is beneficial to airport 

authorities (AENA in Spanish airports), since it certifies that the companies that outsource the 



 
 

  

implementation and management of their noise measurement systems have sufficient 

technical solvency to do the job properly. On the other hand, this accreditation may influence 

the acceptance of the airport, because it could act as a non-acoustic factor related to 

transparency and accessibility to reliable information, but also as an aspect related to trust the 

airort managers. 

The accreditation obtained by EMS Bruel & Kjaer for the NOMS systems of Madrid and 

Barcelona airports combines the technical specifications defined in the ISO 20906, and the 

quality processes specified for laboratories defined in the ISO 17025. In order to obtain the 

accreditation they had to verify that the location of the noise measurement terminals was 

adequate, taking into account: the residual noise level, the height of the measurement 

microphone, the absence of reflective surfaces in the vicinity or the elevation angles of the 

flights. They also had to guarantee that the quality of the measurements was correct, such as a 

high correlation between operations and noisy events, or a data availability of at least 70% of 

measurements for each monitoring unit. A proper model for calculating uncertainties was also 

a need. 

In terms of data communication, this service supplier had to design a report format 

considering the technical aspects it should contain as well as the visualizations to be included 

to ensure that the content could not have ambiguous interpretation, such as the one showed in 

the Figure 30. 

Finally, they had to fulfill the requirements of the ISO17025 in terms of quality assurance. 

Hence, they will periodically verify the technicians working on these systems, the traceability 

of the data and the instruments, and they will have internal and external audits, among others. 

The use of external audits on noise monitoring systems is a tool that has already been 

identified in the past as a non-acoustic factor that can positively influence the relations of 

neighbouring communities with airports (REFERENCIAR), and the acceptance of the latter 

by residents. In this case, it is a quality seal imposed by the Spanish Accreditation Body 

(ENAC) that offers guarantees for the service contractor (AENA), as well as for users who 

feel affected by airport noise. 



 
 

  

 
Figure 30. Example of accredited noise levels report [5] 

3.6. Open data platforms 

In 2001, the European Union published The White Paper on European Governance , which 

proposes the basic guidelines for promoting the availability to the data coming from public 

administrations [6]. Because of this document, Community regulations emerged, such as 

Directive 2003/4/EC, which defines the specific requirements on the publication and access to 

environmental information [7]. Since that moment, and with the purpose of implementing the 

European regulations, a large number of open data communication platforms have appeared 

and cities have made efforts to publish a large amount of public datasets.  

The case of Madrid is one of the most interesting from the environmental acoustics point of 

view [8]. Besides publishing the noise maps in geospatial and pdf format, they also publish 

information on the noise levels measured in the monitoring network deployed in the city. 

Users can access the daily noise levels for each of the 31 noise monitoring units installed 

along the city. The metrics they use to report are the Ld, Le, Ln, LAEq,24h , and percentile levels. 

Open data Madrid also provides datasets about monthly and daily noise levels historical data, 

as well as the location and cause of the environmental noise audits performed in the city in the 

past.  



 
 

  

The platform allows downloading data in three file formats: text, csv, and rdf. Although the 

way this data is presented is not really useful to the general public from a perspective of easy 

visualization and understanding of the information, the municipality allows the reuse of this 

information to private companies and other members of the public to build applications to 

exploit them. This opens new oportunities for using these noise data in research projects, or 

even to the creation of individual initiatives to better disseminate information about noise. 

 
Figure 1. Visualization of noise audits related to discotheques in the city of Madrid, by 

Luis Gascó 

(https://bit.ly/2k9935M) 

3.7. European Green Capital Award 

(https://ec.europa.eu/environment/europeangreencapital/index_en.htm) 

The management of environmental noise is, in general, a very ingrate task, since it is such a 

common pollutant in our society that those affected are not able to identify it as a real concern 

for the environment and public health. In addition, on many municipalities, the agents in 

charge of handling noise pollution must also manage problems of coexistence associated with 

the noise aggressions caused by activities or neighbors. Thus, we find too often municipalities 

in which complaints management replaces environmental noise management. 

Noise pollution is present in any city in the world, as road traffic noise is its main cause. 

Therefore, the protection of public health and the environment requires an environmental 

management of noise. However, as a first step to be able to implement this management 

model, it is necessary that local authorities are able to identify the need, and address the 

https://bit.ly/2k9935M
https://ec.europa.eu/environment/europeangreencapital/index_en.htm


 
 

  

investments required. Citizens must also be aware of the problem, so that they can support the 

implementation of management models that are not based on complaints. Awareness is 

absolutely necessary to start walking this roadmap. 

For these reasons, the external awards and recognitions given to a municipality based on its 

capacity to tackle the problem of noise pollution are very relevant. Not only do they serve as 

tools for raising the awareness of politicians and citizens, but they also encourage a 

continuous improvement of the acoustic environment, and serve as support for the good 

actions that are undertaken in municipalities. 

One of the policy tools the European Commission is using to address the environmental 

challenges in urban areas is the European Green Capital Award (EGCA). This tool is not 

specific for action against noise, but includes several other indicators. It aims to recognize and 

reward local efforts to improve the environment, the economy and the quality of life in cities. 

The EGCA is given each year to a city (over 100.000 inhabitants), which is leading the way in 

environmentally friendly urban living and which can thus act as a role-model to inspire other 

cities. Cities differ enormously and sharing concrete examples of what a European Green 

Capital can look like is essential if further progress is to be made (CITAR WEB). 

An international Expert Panel is in charge to perform a detailed technical assessment of the 

information provided by each applicant on the basis of 12 environmental indicators covering 

climate change: mitigation; climate change adaptation; sustainable urban mobility; sustainable 

land use; nature and biodiversity; air quality; noise; waste; water; green growth and eco-

innovation; energy performance; and governance. Following this technical evaluation, the 

Expert Panel is in charge to select the finalist cities. 

The EGCA Jury is in charge to assess the finalists based on the following evaluation criteria: 

1. The city’s overall commitment, vision and enthusiasm 

2. The city’s capacity to act as a role model, inspiring other cities, promoting best 

practices and further raising awareness of the EGCA model. 

3. The city’s communication strategy and actions, which should address: 

− Citizen communication and involvement to date in relation to the 12 

environmental indicators, effectiveness via changes in citizen behavior, lessons 

learned and proposed modifications for the future. 

− The extent of the city’s partnering (local, regional and national) to gain maximum 

social and economic leverage. 

− How they intend to fulfil their role of EU Ambassador, inspiring other cities. 

The Jury makes its final decision and the winner is announced at an annual Awards 

Ceremony. 

With regard to noise, applications must include information on the degree of compliance with 

the Environmental Noise Directive addressing the diagnosis using strategic noise maps, 

strategies to combat noise described in the action plans, the preservation and promotion of 



 
 

  

quiet areas, the improvement of the acoustic quality of the soundscapes and the involvement 

of citizens and other stakeholders. 

Just as EGCA focuses on cities with more than 100,000 inhabitants, the European Green Leaf 

Award focuses on smaller cities, between 20,000 and 100,000 inhabitants. This prize pursues 

similar aims to those mentioned for EGCA, but adapted to the particular circumstances of 

smaller municipalities, that usually have fewer economical and personal resources. 

 

 


