
 
 

Complementation of Airport Noise Maps with audio listening 
 

 

Vitor Rosão1 

SCHIU, Noise and Vibration Engineering, Faro, Portugal; www.schiu.com. 

 

Ekim Bakirci2 

Frekans Acoustics, Istanbul, Turkey 

 

Ana Roque3 

SCHIU, Noise and Vibration Engineering, Faro, Portugal; www.schiu.com. 

 

ABSTRACT 

This work is limited to audio recordings of air traffic noise, although the principles can be used 

for almost any noise source. Based on the Noise Map of a given Airport, different points of that 

noise map are selected, and audio recordings are made in order to correspond to the air traffic 

noise that will be perceived, outside, at these points. The recordings are reproduced in a room 

and the respective loudness of the sound amplification is adjusted so that the sound levels in the 

room correspond to the real sound levels outside at the point in question. These audio 

recordings, associated with the noise perceived at certain points, and adjusted to the sound 

levels that will be perceived outside at those points, can be given to listen to proponents, 

evaluation authorities and / or the general public, thus allowing a better perception of the noise 

“impacts” associated with a given project.  

 

1.    INTRODUCTION 

 

Hearing is one of the most relevant forms of relationship between human beings and their 

surroundings. This relationship can occur from innumerable features, for example, on a very generic 

and summarized form: 

a) communication between family and friends in a housing or other environment. 

b) communication between teachers and students, typically in schools. 

c) communication between colleagues in a workplace. 

d) communication between artists and public in a concert hall. 

e) communication between nature and the human being, through the phonation of other animals, 

or through the reassuring sounds of water (river running or waves on the beach) or worrying sounds 

of a roar of thunder. 
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f) communication of anthropogenic noise sources (typically road traffic, rail traffic, air traffic and 

industry) with human beings residing or remaining in the proximity to these sources, and their 

discomfort or tolerance reaction. 

It is therefore understandable that there is growing the humans’ concern, over time, with their 

sound relationship with the environment. 

Despite the relevant subjective charge on sound relationships – or perhaps because of that – there 

has been a significant effort, in the last 100 years, to objectify and quantify those relationships. The 

invention of phonograph (Thomas Edison) and telephone (Antonio Meucci / Alexander Bell), at the 

end of the 19th century, gave a major contribute to this advent of objectification / quantification. Such 

inventions allowed that throughout the 20th century were developed and improved microphones, and 

associated electronic systems, as objective and quantitative “substitutes” of human hearing. 

It is considered appropriate to state some of the main milestones of sound quantification / 

objectification / analysis during the 20th and 21st century, at European and international level: 

- 1924: The logarithmic scale for the characterization of the sound intensity is renamed decibel 

[dB] [1]. 

- 1933: Fletcher and Munson develop the curves of equal loudness [2], on the basis of which is the 

A frequency-weighting, still used today and which makes sound levels, for the purposes of human 

sensitivity, to be predominantly characterized in dB(A) not in dB [3]. 

- 1960: Brüel & Kjær launches the world's first portable sound level meter. 

- 1971: ISO/R 1999 introduces the basics for protecting workers from noise [4]. 

- 1971: ISO/R 1996 introduces the basis of protecting the community against noise (environmental 

noise), defining different methods and parameters depending on the type of source and situation in 

question [5,6]. 

- 1982/1987: The 80's edition, 20th century, of ISO 1996 (Acoustics: Description and measurement 

of ambient noise [5,6]) explains that although human beings respond differently to different sound 

sources and situations, the high quantity and complexity of existing parameters and methods – at 

those time (80’s) - were becoming a “Babel Tower” of acoustics, so, despite the associated 

limitations, recommends the use of a “single” simple parameter to characterize any situation of 

environmental noise exposure: this parameter is the Equivalent Continuous Sound Level, A 

Weighting (LAeq), which corresponds to an energy average of the sound levels in dB(A). 

- 2002: European Community Directive 2002/49/EC (Environmental Noise Directive; currently 

still in force [7]) aims to harmonize the parameters of description and analysis of environmental noise 

in the European space, defining as essential parameters - based on values of Equivalent Continuous 

Sound Levels, A weighting (LAeq) - the Lden noise indicator (Day-evening-night level) and the Ln noise 

indicator (Night level). The concept of Noise Map is introduced. 

- 2015: European Commission Directive 2015/996 [8], establishes harmonized methods, for the 

European space, for the development of noise maps. 

 

It is thus very common, nowadays – at least since 2002 in Europe – to develop Noise Maps. 

An example of an Airport Noise Map, can be the İstanbul Atatürk Airport, shown in Figure 1. 

Although clear the advantage of presenting information in the form of a Noise Map, it is also 

considered to be clear that it is a very technical information whose reading and understanding is not 

simple, mainly for a non-specialized public, and even for a specialized public may not be fully 

enlightening. 

Given the capacity and ease that exists today in making recordings and audio reproductions, it 

is not easily understood that the presentation of acoustic information for a given plan or project 



does not also have - in the vast majority of cases - any audio information that allows a better 

perception to a technical and non-technical public. 

 

 

Figure 1: İstanbul Atatürk Airport Noise Map Example 

 

The finding of the “disappearance” of the “sound” of the “Acousticians’ tools” (finding and 

expression used in the introduction of the reference [9]), is not exactly recent [10] and has been 

progressing. 

Auralization (a term introduced in 1993 [11]), as a technique of making a given situation audible, 

artificially, has a greater tradition in the acoustics of rooms [12]. 

Auralization in environmental acoustics is relatively more recent, but already has some references, 

for example: 

- Road Traffic: [13] (2009). 

- Rail Traffic: [14] (2017). 

- Air Traffic: [15] (2013). 

- Wind Farms: [16] (2014). 

- Urban Environment: [17] (2016). 

 

There are many different ways to produce a certain Auralization, ranging from simpler processes 

that only go through audio recording in different situations and in their reproduction, usually confined 

to recorded situations, to more complex techniques for synthesizing the sounds in question and 

reproducing them, extrapolated to a multiplicity of situations [18]. 

Anyway, it is also usual, in the opposite sense, that the Auralization techniques are more concerned 

with the qualitative characteristics of the sound than with the quantitative characteristics (sound 

levels). 

The method that we are trying to develop, are also concerned with the quantitative characteristics 

(sound levels) of the auralization. 



2.    METHODOLOGY 

 

The aim is to develop a methodology that allows the possibility of “hearing” the noise exposition 

characterized by a specific noise map, taking into account not only the qualitative characteristics of 

this exposition but also the quantitative characteristics (sound levels). 

The first developments of the work focus on the surroundings of Faro Airport (Portugal). 

Developments were made based on sound level measurements and audio recordings made in situ 

and based on forecasts. 

For measurements, a Class 1 sound level meter (01dB, SOLO model) was used, which recorded 

sound levels each 125 ms (Fast time weighting), at the aircraft pass-by, as shown in Figure 2. 

 

 

Figure 2: Photo of the sound level meter when the aircraft is passing 

 

For audio recordings, when aircraft pass, and performed simultaneously with sound level 

measurements, a smartphone was used. 

For the forecasts, the AEDT software (Aviation Environmental Design Tool, https://aedt.faa.gov/) 

was used, mainly for the forecast of LAMax. To be noted that the LAMax forecasted by AEDT are LSAMax 

[Slow (1s) time weighting], but the LAMax measured are LFAMax [Fast (125ms) time weighting], because 

are more related with human perception of sound levels variation. 

The theoretical expression of the variation of sound levels (L) [dB(A)] is presented in the following 

equation (1), as a function of time (t, in seconds), relative to the maximum value (LAMax) [dB(A)], as 

a function of the distance to a straight path (d⊥), as a function of atmospheric attenuation (𝑘𝐴𝑡𝑚), for 

a point sound source with constant sound power moving at a constant speed v (m/s), taking into 

account the reference [19]. 
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Using this equation, the typical difference between LFAMax and LSAMax can be calculated, for 

different typical speeds, distances, and atmospheric attenuation (k1 = 0.02885), as shown in Figure 3. 

 

Figure 3: Typical difference between LFAMax and LSAMax 

 

3.    THEORETICAL MODELS AND FORECASTS 

 

Making a forecast is usually based on the assumption of certain premises and the selection of a 

certain representativeness. 

The representativeness of Noise Maps is normally associated with an annual average, given the 

European Directive definition (Directive 2002/49/EC [7]) and typical base noise parameters are Lden 

and Ln [7]. 

As in the case of Airports, there are usually, at least, 2 runways (actually the same runway but 

designated in a way when the landing or take-off takes place in a certain direction, and otherwise 

designated when the landing or take-off takes place in the opposite direction), the Average Annual 

Noise Map considers, virtually, that on the same day (let say the virtual annual average day), there is 

a number of landings and take-offs in one of the runways and a number of landings and take-offs on 

the other runway, proportional to the annual percentage of use of both runways, although in reality, 

on the same day, the use of a single runway may occur (it will depend mainly on the variation of the 

wind direction on that day). 

In the case of Faro Airport there is the Runway 28 [most used, as the wind mostly blows in the 

West → East direction; landings and take-offs in the East → West] and Runway 10 (less used; 

landings and take-offs in the West → East direction). 

Despite the need for the aforementioned average annual representativeness, the characteristic noise 

of aircraft passing at a certain point should be different when landings and take-offs in one direction 

and the other, so it will be important to obtain audio information, and sound levels, for landings and 

take-offs in both directions. Should then be informed the auditor on the annual probability of the 

occurrence of each direction of landing and take-off. 



In this perspective and in order to be able to guide and compare the measurements with the 

forecasts, it will be interesting to make predictions of the maximum sound levels when the aircraft is 

passing, for landings and take-offs in both direction. 

In order to understand the type of aircraft that most uses Faro Airport, the following websites were 

consulted: 

https://www.flightradar24.com/data/airports/fao/arrivals  

https://www.flightradar24.com/data/airports/fao/departures  

 

It was found that, for a week, the types of aircraft that most used Faro Airport were those shown 

in Table 1. 

Table 1: Aircraft types that most use Faro Airport 

Aircraft Type Percentage of movements in relation to total number 

of airport movements 

Boeing 737-800 46% 

Airbus A320 21% 

Airbus A319 10% 

Others 23% 

Source: https://www.flightradar24.com. 

 

Thus, in order to guide the measurements and predict the expected variations, the AEDT software 

was used to determine the typical landing and take-off routes of the Boeing 737-800 (B738), Airbus 

A320 and Airbus A319 aircraft, and the Maximum Sound Pressure Levels (Fast weighting: correction 

of LSAMax according Figure 3) at 1 point West of Faro Airport (P1: 37 ° 01'10.8 "N, 8 ° 00'10.7" W). 

The schematic vertical location of the routes and the Measurement Point is shown in Figure 4, 

which also presents the general expressions for calculating the distance [equation (2)] of a point  

(x0, y0) to a reduced equation line y = mx + b, the perpendicular line equation [equation (3)] and the 

coordinates of the intersection point [equation (4)], the coordinates of the Measurement Point and the 

equations of the 3 lines that “summarize” the different routes [1) Landings; 2) Maximum weight take-

offs (PM); 3) Minimum Weight Take-offs (Pm)]. 

In the case of Landings the typical route is the same for all types of aircraft, while in the case of 

take-offs the route depends not only on the type of aircraft but also, for the same type of aircraft, on 

the weight of the same when taking off [a greater weight is associated with more fuel due to a longer 

flight (more distant destination), and vice versa]. 

The Boeing 737-800 has 6 different types of weight in the software database while the Airbus 

A319 and A320 have 5 weights each. 

The maximum values (LAFMax) predicted are shown in Table 2. The minimum (Pm) and maximum 

(PM) weights of each type of aircraft are considered. 
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Figure 4: Vertical route layout, Measuring Point P1 and general equations 
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Table 2: LFAmax values forecasted 

Measurement 

point 

Aircraft Type Landing  

West → East 

Take-off 

East → West 

Pm PM 

P1 

37°01'10.8"N 

8°00'10.7"W 

B738 92 85 90 

A320 90 84 87 

A319 89 82 87 

Pm: Aircraft with minimum weight; PM: Aircraft with maximum weight. 

 

Thus, a variation of only 3 dB is expected, in P1, for Landings and Take-offs for the same type of 

weight, for the 3 main types of aircraft that use Faro Airport, which is normally considered as close 

to the threshold of difference for human sensitivity. For different weights the variation is between 3 

and 5 dB, for the same type of airplane, and can reach 8 dB if we consider different types of aircraft. 

Since for the auditory perception of the aircraft passage, in addition to the maximum value, the 

fastest or slowest variation of sound levels may be of interest, the theoretical expression of the 

variation of sound levels (L) [dB(A)], as presented in equation (1) is taking into account. 

Figure 5 shows the expected variations in sound levels, in P1, for the 3 straight lines “summary” 

of typical routes [landing, take-off maximum weight (PM) and take-off minimum weight (Pm)], and 

two typical atmospheric attenuation (maximum and minimum: k1 = 0.028851; k2 = 0.000986). 

 



 

Figure 5: Expected theoretical variation of sound levels at P1 

 

In addition to the straight line equation, the distances to be considered at P1 and the speed of the 

aircraft to be considered, based on which the graph in Figure 5 was developed, are shown below: 

- Landing: 

 𝑦 = −0.05𝑥 (5) 

 𝑣 = 72 m/s (6) 

 𝑑⊥ = 92 m (7) 

- Take-off maximum weight: 

 𝑦 = −0.10𝑥 + 78.98 (8) 

 𝑣 = 91 m/s (9) 

 𝑑⊥ = 260 m (10) 

- Take-off minimum weight: 

 𝑦 = −0.13𝑥 + 223.76 (11) 

 𝑣 = 100 m/s (12) 

 𝑑⊥ = 457 m (13) 

 

4.    RESULTS 

 

4 measurements were made in situ at P1, with simultaneous audio recording, and the results shown 

in Table 3 and Figure 6 were obtained. 

 

 

 

 

 



Table 3: Results of in situ measurements at P1 

Aircraft operation 

type 

LFAmax Measured LFAMAx forecast Audio file associated 

Landing W→E 

Boeing 737-800 

89 92 P1OEAteB738-1.mp3 

Landing W→E 

Boeing 737-800 

88 92 P1OEAteB738-2.mp3 

Landing W→E 

Boeing 737-800 

88 92 P1OEAteB738-3.mp3 

Landing W→E 

Embraer 145 

83 85 P1OEAteE145.mp3 

 

 

Figure 6: Variations of sound levels at P1 obtained in measurements 

 

Table 3 also indicates the name of the audio files associated with each measurement, which can be 

accessed at the following internet address: 

https://drive.google.com/drive/folders/1IfYJukU9yS0STIQt0ys1zQIW6sK_ES8q?usp=sharing  

 

Figure 6 also presents the theoretical variation of Landings and Take-offs shown in Figure 5. 

In order to verify the theoretical and practical variability, of sound levels and audio perception, for 

a closer situation, measurements were made at a point P2 with geographical coordinates  

37 ° 01'00.2 "N and 7 ° 59'32.2" W, and coordinates (-830.1) in the system in Figure 4. 

The results obtained are shown in Table 4 and Figure 7. 

  

https://drive.google.com/drive/folders/1IfYJukU9yS0STIQt0ys1zQIW6sK_ES8q?usp=sharing


 

Table 4: Results of in situ measurements at P2 

Aircraft operation 

type 

LFAmax Measured LFAMAx forecast Audio file associated 

Pm PM 

Take-off E→W 

Airbus A319 

88 83 90 P2EODesA319.mp3 

Take-off E→W 

Boeing 737-800 

91 88 94 P2EODesB738-1.mp3 

Take-off E→W 

Boeing 737-800 

93 88 94 P2EODesB738-2.mp3 

Pm: Aircraft with minimum weight; PM: Aircraft with maximum weight. 

 

 

Figure 7: Variations of sound levels at P2 obtained in measurements 

 

4.    CONCLUSIONS 

 

Although the results, for now, are limited to 2 points, it is possible to draw some conclusions at 

this stage. 

Unfortunately, there is some wind noise contamination in the audio records made, which we will 

try to minimize in future developments, but it is still possible some relative perception and associated 

conclusions. 

- Theoretically, landings have less variation in noise emission than take-offs, which was confirmed 

in the measurements made, being comparable, as incredible as it may seem, at P1, the Landing 

of a Boeing 737-800 (up to 215 passengers) and an Embraer E145 (up to 50 passengers), either 

regarding to sound levels variations or in aural terms. 

The audio files shown in Table 3 and the measured sound level variations in Figure 6 can be 

aurally compared. 



- In situ sound level variations measured over time allowed to verify that the estimated theoretical 

variations have a good agreement with reality. 

Look at Figure 7, for example, where theoretical variation associated to a landing does not agree 

– as desirable – with experimental variation associated to a take-off. Apparently, there is a greater 

agreement with take-off to maximum weight planes. It will be important in the next developments 

to try to obtain information regarding the weight of airplanes during take-offs, namely to check 

which is the take-off point on the runway. 

- Theoretical variations that were developed in this study are useful to understand what is the 

expectable variation in terms of aural perception, but only for the same type of movement 

(landing or take-off). Comparing the audio files referred in Table 3 (Landings perceived in P1) 

with the audio files referred in Table 4 (Take-offs perceived in P2) it is possible to understand 

that they are different in terms of aural perception, because some are related to Landings and 

others to Take-offs, although the measured sound level variations are similar, which indicts the 

need to other differentiating form, namely spectral, if we want more detail. For a first approach, 

the same type of audios may possibly be used, with appropriate adjustments, for landings and 

take-offs. 

- Theoretical variations that were developed indicate that for greater distances other effects might 

prevail, namely atmospheric conditions, which shall be considered in the next developments. 

 

If the hardest thing is to start, then the hardest thing is done. 

 

The authors hope to have persistency enough to continue this trail, as long as it may be, for what is 

wished for might be attained, and which possesses undeniable virtues: the chance, in a credible way 

and technically based, to expose to proponent, evaluation authorities and/or general public, the 

“qualitative” and “quantitative” predicted noise associated to a specific project or plan. 
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