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Aircraft noise is annoying for residents living near airports and may lead to serious health impacts. 

For the determination of the aircraft noise exposure, different methods are applied in Germany. 

For the establishment of noise protection areas at airports, a method is used which is called “In-

structions on the Calculation of Noise Protection Areas, AzB”. It comprises aircraft noise emis-

sion data, the number of aircraft movements in a reference period and the flight routes near the 

airport. In addition, taxiing and the operation of auxiliary power units of aircraft are also consid-

ered. Moreover, aircraft noise calculations according to the European Environmental Noise Di-

rective 2002/49/EC are carried out. Currently, for this task a national interim method is used. It 

will be replaced by a new calculation procedure in the future, because the European Commission 

has developed „Common Noise Assessment Methods in Europe, CNOSSOS-EU”. These methods 

have been implemented in Annex II to Directive 2002/49/EC in 2015. For aircraft noise, a proce-

dure is chosen which is based on a method described in the 3rd edition of document 29 of the 

European Civil Aviation Conference. The transposition of this calculation procedure into German 

law will be explained. Furthermore, there exists a special calculation algorithm for the determi-

nation of the aircraft noise exposure at airfields with mainly general aviation traffic. It is published 

in the German standard DIN 45684-1. The various aircraft noise calculation methods in Germany 

will be presented and evaluated.  
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1. Introduction 

Numerous national and international studies have shown that noise can disturb communication 

and relaxation and can be a considerable source of annoyance. According to a representative survey 

carried out in 2016, about 44 % of those interviewed complained of being disturbed or annoyed by 

air traffic in Germany [1]. Noise from aircraft surrounding of major airports is not only annoying for 

residents; it may also lead to serious health impacts. The risk of illness grows with increasing noise 

exposure. For the assessment of an aircraft noise situation, different methods are applied in Germany. 

2. Calculation of noise protection areas  

For airports and airfields with flight operations that cause a rather high noise exposure, the Act for 

Protection against Aircraft Noise is applied [2]. It requires the establishment of noise protection areas 

at commercial airports as well as military airfields with the operation of jet or heavy transport aircraft. 

The noise protection area is subdivided into two daytime protection zones and one night-time protec-
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tion zone. The act contains different limit values for the individual zones. A distinction is made be-

tween existing and new or significantly expanded airports. Furthermore, there exist different limit 

values for airports and military airfields. 

The aircraft noise exposure has to be determined on the basis of detailed forecast data on future 

flight operations as well as on the description of the flight routes in the surrounding of the airport. 

This information is gathered with standardized data sheets which are fully described in the “Instruc-

tions on the Acquisition of Data on Flight Operations” (AzD) [3, 4]. The calculation of the noise 

protection area is carried out on the basis of the data acquisition system. The algorithm is laid down 

in the “Instructions on the Calculation of Noise Protection Areas” (AzB) [3, 4]. It enables the calcu-

lation of equivalent continuous sound levels for day and night as well as of a number above threshold 

(NAT) criterion. The calculation comprises aircraft noise emission data, the number of aircraft move-

ments during the six months of the forecast year as well as the flight routes. In addition, taxiing on 

the manoeuvring area of the airport and the operation of auxiliary power units (APUs) of the aircraft 

are also taken into consideration. This is a fundamental difference between the AzB and other aircraft 

aircraft noise calculation models which only consider the noise from departing and arriving aircraft. 

The aircraft noise calculation is based on a segmentation approach which divides the three-dimen-

sional flight path of an aircraft into a series of segments. Each of these segments provides a contribu-

tion to the total noise exposure. The model assumes a moving point source, for which sound power, 

speed and radiation characteristic are established at every point of the flight path. This source is mod-

elled by a line source which consist of the aircraft classes of the AzB. 

The flight path of the aircraft is divided into the following steps: 

• First, the flight routes described in the data acquisition system are divided into segments of 

straight lines or arcs. The arcs are modelled by a series of secants. 

• In the second step, the segmented flight routes in the horizontal plane are combined with the 

height profiles. 

• Finally, the segments are further subdivided until the specific emissions between the segments 

differ by no more than 1 dB. Moreover, the segments must be further subdivided if the seg-

ment length is greater than one tenth of the distance from a point of exposure to the segment. 

This requirement improves the calculation results. 

The directivity pattern of the aircraft noise emission is described by a directivity factor. It consists 

of three coefficients in octave bands from 63 to 8000 Hz. The coefficients are a series expansion in 

the cosine of the radiation angle. 

According to the German Act for Protection against Aircraft Noise, the establishment of noise 

protection areas at airports should be based on forecast data of flight operations in ten years. This 

requires a grouping of aircraft types because detailed information on aircraft types and its distribution 

on the flight routes are not available for this case. Therefore, the AzB uses 36 standardized aircraft 

groups which comprise civil and military aircraft. These are propeller-driven aircraft, jet aircraft and 

helicopters. Each aircraft class is defined by a set of standard acoustical and operational data. 

A point of criticism is that some aircraft class data do not represent the real noise emission of 

modern jet aircraft. For instance, the Airbus A380 is substituted in the AzB by the Boeing 747-400. 

To improve this situation, the German Environment Agency has commissioned a research project. In 

this project, the acoustical and operational aircraft data will be checked and updated. The revision of 

the aircraft class data will be done on the basis of the results of aircraft noise monitoring systems 

which are installed in the vicinity of German airports. The measurement results are correlated with 

radar data to determine an exact correlation between passing aircraft and air traffic noise incident. 

Results of this ongoing study will be available in 2020. 

The establishment of aircraft noise protection areas has essential financial and legal consequences. 

To ensure a correct transformation of the AzB algorithm to computer software, an extensive quality 

assurance has been conducted. For this purpose, a test case was developed. It consists of nine indi-

vidual test scenarios and a cumulative scenario. Each scenario represents a typical flight operational 
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or acoustic situation. For these scenarios, several immission points in the surrounding of the test air-

port are defined. At these points, equivalent continuous sound levels for day- and night-time as well 

as of the number above threshold (NAT) criterion should be determined. In addition to this, the air-

craft noise contours of the whole test airport should be calculated. Furthermore, there exists a stand-

ardized interface for data import and export. Figure 1 shows the flight routes and the immission points 

of the test airport. 

 

 

 
 

Figure 1: Flight routes and immission points of the test case for AzB. 

 

3. Transposition of CNOSSOS-EU for aircraft noise in Germany 

The European Environmental Noise Directive (2002/49/EC) requires the development of noise 

maps and action plans for traffic noise sources as well as noise from industry by the member states 

[5]. For aircraft noise, all airports with more than 50,000 aircraft movements per year have to be taken 

into consideration. Currently, for this task an interim noise calculation procedure is used in Germany 

because there was no harmonized European method available. This situation has changed with the 

introduction of common noise assessment methods pursuant to Article 6 of the Environmental Noise 

Directive by the European Commission in 2015. These methods have been implemented in Annex II 

to Directive 2002/49/EC [6]. The methods comprise detailed noise calculation procedures for road 

traffic, railway traffic and air traffic as well as industry. For aircraft noise, a procedure is chosen 

which is based on a method described in the 3rd edition of document 29 of the European Civil Aviation 

Conference (ECAC). This method is called “Common Noise Assessment Methods in the EU” 

(CNOSSOS-EU) for aircraft noise. 

CNOSSOS-EU divides the three-dimensional flight path into appropriate segments of length. This 

segmentation procedure consists of two steps. The first step is an arc-segmentation of the flight route 

in the horizontal plane which is combined with a segmentation of the height profile in the vertical 
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plane. Then the segments will be further subdivided based on acoustic and geometric criteria. This 

process leads to numerous segments which describe take-off, airborne and approach phase of the 

aircraft. For the noise calculation CNOSSOS-EU uses an “Aircraft Noise and Performance Database 

(ANP)” which contains many civil aircraft. For these aircraft, engine performance coefficients and 

Noise-Power-Distance (NPD) data are given. The NPD data are an essential acoustic element of 

CNOSSOS-EU. They consist of maximum and time integrated weighted sound pressure levels as a 

function of distance for different engine power settings. 

For the description of height profile, two different types are used. Standard operational parameters 

define fixed-point profiles. These parameters are altitude, flight speed and engine thrust of the aircraft. 

The second type are procedural profiles which depend on actual aircraft mass, take-off or landing 

procedures and meteorological conditions. The aerodynamic and performance parameters are listed 

in the ANP database.  

For the application of CNOSSOS-EU in Germany, a transposition into national law is required. 

The objective of the German Government is to improve the quality of noise maps and the compara-

bility of results throughout Europe and create a solid basis for future policy on the management of 

environmental noise. Therefore, the methods should be designed in such a way that they can be easily 

applied in practice. Moreover, a comprehensive and systematic quality assurance for the calculation 

process is needed. To reach these goals, the German Environment Agency commissioned a research 

project to a consortium under the leadership of the German company Wölfel Engineering. In this 

project, it should be investigated if there are interpretation gaps concerning the aircraft noise calcu-

lation. Furthermore, a test procedure for the implementation the CNOSSOS-EU aircraft noise algo-

rithm into software should be developed. 

The investigation of the CNOSSOS-EU aircraft noise algorithm showed that additional produces 

and data are necessary to describe the operational situation at German airports. For instance, the al-

gorithm does not consider traffic circuits. However, traffic circuits are conducted at several airports 

in Germany. Consequently, an algorithm for traffic circuits is implemented in the German transposi-

tion of CNOSSOS-EU. Moreover, fix point profiles for most aircraft types operating at German air-

ports are also added. Furthermore, the instructions on the acquisition of flight operational data de-

scribed in CNOSSOS-EU are substantially extended. These additions enable an unambiguous and 

practical enforcement of the European Environmental Noise Directive in Germany. 

To ensure that the CNOSSOS-EU algorithm is correctly implemented in noise calculation soft-

ware, a test case is developed. Figure 2 illustrates the flight routes of the test airport. It comprises five 

typical flight operational situations. The situations are combined with three different aircraft types so 

that a total of 15 variants is considered. Since no reference results are available, the results of three 

different software packages are compared. If these results are within a margin of 0.1 dB, it is assumed 

that the CNOSSOS-EU algorithms are implemented correctly. In addition to the test case a standard-

ized interface for data exchange according to the German standard DIN 45687 [7] is developed by 

the contractor. 
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Figure 2: Flight routes and immission points of the test case for CNOSSOS-EU. 

 

4. Calculation of aircraft noise exposure at civil airfields 

The air traffic of an airport differs from that of a civil airfield in many ways. At these airfields, 

mainly general aviation traffic is carried out. Additionally, they are often characterized by a concen-

tration of aircraft movements at weekends. For these reasons, the application of the complex AzB 

algorithm is inappropriate and a special calculation algorithm has been developed. It is published in 

the German standard DIN 45684-1 [8]. It also uses a segmentation procedure but requires less input 

data. Moreover, the operation of aircraft at certain times (e.g. at weekends) is considered. The calcu-

lation procedure according DIN 45684-1 provides therefore realistic aircraft noise contours at civil 

airfields. 

5. Conclusions 

There are different fields of application for aircraft noise calculation procedures. CNOSSOS-EU 

is designed to meet the requirements of the European Environmental Noise Directive. It enables the 

determination of the aircraft noise exposure in the past year, whereas the AzB is developed for future 

flight operations at airports or airfields. In contrast to CNOSSOS-EU the AzB can be applied for civil 

airports and for military airfields. DIN 45684-1 is tailored especially for airfields with mainly general 

aviation traffic. All three models are best-practice methods for calculating aircraft noise. It is desirable 

to combine the best qualities of these models to get a further developed aircraft noise calculation 

model in the future. To reach this goal, a new German standard called DIN 45689 [9, 10] is currently 

elaborated. In particular, it works with the use of radar data for aircraft noise calculations. For this 

purpose, information from airport surveillance radar as well as airport surface detection equipment 

are processed. Based on this data, the aircraft noise exposure generated from flight operations and 

taxiing on the airport can be realistically determined. Moreover, test cases are in the process of de-

velopment and uncertainty aspects of aircraft noise calculations will be described. 



ICSV24, London, 23-27 July 2017 
 

 

6  ICSV24, London, 23-27  July 2017 

 

 

REFERENCES 

1 Umweltbundesamt (German Environment Agency), Umweltbewusstsein in Deutschland 2016 (Environ-

mental Awareness in Germany 2016), Dessau-Rosslau (2017). 

2 Gesetz zum Schutz gegen Fluglärm (Act on Protection against Aircraft Noise) of 31.10.2007 (Federal 

Law Gazette, BGBl. I, p. 2550). 

3 Erste Verordnung zur Durchführung des Gesetzes zum Schutz gegen Fluglärm (Verordnung über die Da-

tenerfassung und das Berechnungsverfahren für die Festsetzung von Lärmschutzbereichen - 1. FlugLSV) 

(First Decree on the Implementation of the Act on Protection against Aircraft Noise [Decree on the Ac-

quisition of Data and the Calculation Procedure for the Establishment of Noise Protection Areas – 1. 

FlugLSV]) of 27.12.2008 (Federal Law Gazette, BGBl. I p. 2980) as last amended by Article 72 of 

31.08.2015, Federal Law Gazette, BGBl. I p. 1474). 

4 Bekanntmachung der Anleitung zur Datenerfassung über den Flugbetrieb (AzD) und der Anleitung zur 

Berechnung von Lärmschutzbereichen (AzB) (Instructions on the Acquisition of Data on Flight Operati-

ons (AzD) and the Calculation of Noise Protection Areas (AzB)) of 19.11.2008, Bundesanzeiger No. 195a 

of 23.12.2008.  

5 Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 relating to the 

assessment and management of environmental noise - Declaration by the Commission in the Conciliation 

Committee on the Directive relating to the assessment and management of environmental noise, Official 

Journal of the European Communities, L 189, 18.07.2002, p. 12–25. 

6 Commission Directive (EU) 2015/996 of 19 May 2015 establishing common noise assessment methods 

according to Directive 2002/49/EC of the European Parliament and of the Council, Official Journal of the 

European Communities, L 168, 01.07.2015, p. 1–823. 

7 DIN 45687:2006-05, Akustik - Software-Erzeugnisse zur Berechnung der Geräuschimmission im Freien - 

Qualitätsanforderungen und Prüfbestimmungen (Acoustics - Software products for the calculation of the 

sound propagation outdoors - Quality requirements and test conditions), Beuth Verlag, Berlin (2006). 

8 DIN 45684-1:2013-07, Akustik - Ermittlung von Fluggeräuschimmissionen an Landeplätzen - Teil 1: Be-

rechnungsverfahren (Acoustics - Determination of aircraft noise exposure at airfields - Part 1: Calcula-

tion method), Beuth Verlag, Berlin (2013). 

9 DIN/VDI Standards Committee Acoustics, Noise Control and Vibration Engineering, E DIN 45689-1: 

Akustik - Ermittlung von Fluggeräuschimmissionen an Flugplätzen - Teil 1: Berechnungsverfahren (A-

coustics - Determination of aircraft noise exposure at airports - Part 1: Calculation method), draft, Berlin 

(2017). 

10 DIN/VDI Standards Committee Acoustics, Noise Control and Vibration Engineering, E DIN 45689-2: 

Akustik - Ermittlung von Fluggeräuschimmissionen an Flugplätzen - Teil 2: Auswertung und Generierung 

von ergänzenden Eingangsdaten in die Berechnung - Flugverlaufsdaten (Acoustics - Determination of 

aircraft noise exposure at airports - Part 2: Evaluation and generation of additional input data for cal-

culation - Trajectory data), draft, Berlin (2017). 

 


