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ABSTRACT 

 

 

The issue of aircraft noise is one of many facets, but above all it is a major problem 

which is being tackled through both technological and regulatory initiatives.  Vertical 

and short takeoff and landing aircraft show potential for being very much quieter than 

conventional airliners, and successive generations of engines are also becoming 

quieter.  The regulatory framework developed to combat aircraft noise is led by the 

International Convention on Civil Aviation, which prescribes strict certification 

procedures which prohibit the operation of excessively noisy aircraft. 

 

Since the primary aim behind aircraft noise certification is to reduce noise levels in the 

vicinity of airports, a discussion on aircraft noise and associated certification would 

not be complete without a discussion of airport noise.  It emerges that solutions to 

airport noise problems probably lay more in planning and politics than in 

technological breakthroughs. 

 

The Australian and United States militaries are making efforts to reduce aircraft noise 

levels, but the military is clearly lagging behind its civil counterpart, and pressure is 

mounting to introduce appropriate legislation to limit military aircraft noise. 

 

Overall, the topic of aircraft noise provides an excellent case study of the interaction 

among human beings, regulatory frameworks and technology in the modern world. 
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1.  INTRODUCTION 

 

 

The aircraft noise issue is introduced in Section 1.1 by way of a brief historical 

background.  Project objectives are then set out in Section 1.2.  The literature survey which 

has formed a large part of this project is described in Section 1.3.  Section 1.4 then details 

sources of aircraft noise, while Section 1.5 describes measures taken to reduce such noise.  

Section 1.6 previews the chapters that follow. 

 

 

1.1 Historical Background 

 

In 1968, the Australian government commissioned its first House of Representatives Select 

Committee on Aircraft Noise, and the final report of that Committee observed that: 
1 

 

complaints about the nuisance inflicted on communities by the intrusion of aircraft 

noise dated from 1957, and had intensified "following the rapid growth in the 

number of aircraft movements combined with the change over to jet engined 

aircraft."  

 

The above statement is significant in that it shows that the adverse effects of aircraft noise 

were being felt by communities even before jet aircraft began commercial operation in the 

United States in 1958. 
2,3  Nevertheless, aircraft noise is largely a problem of the age of jet 

aircraft and mass air transportation.  What began with the introduction of commercial jet 

operations in 1958 has grown into a massive problem over recent years as airport traffic 

volumes have reached unprecedented levels in major airports around the world.   

 

By the early 1960s, noise had already been recognised as a major problem at airports  

throughout the world. 
4
   Major studies were conducted in the United States and the United 
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Kingdom to assess the extent of the adverse effects of aircraft noise, especially in 

neighbourhoods surrounding airports.  By the late 1960s, as a result of such studies, a 

regulatory framework, led by the United States Federal Aviation Administration and 

closely followed by the International Civil Aviation Organization, was established in an 

attempt to curb the problem. 
3
  The major feature of this regulatory framework is its 

provision that airworthiness certificates will only be issued to new aircraft if their noise 

levels, as measured during takeoff, landing and airport flyovers, are below set limits (which 

vary depending on the size of aircraft, its propulsion type and so on).  The regulatory 

framework established to deal with the aircraft noise problem both internationally and in 

Australia is the subject of Chapter 2 of this thesis, whilst Chapter 3 sets out the technical 

requirements of the certification process.  

 

Aircraft noise has been recognised as a major problem in Australia ever since large scale 

commercial jet operations began in the early 1960s.  Since 1968, four Parliamentary 

Committees have been commissioned to examine the issue.  The most widely publicised 

aircraft noise problems have been those experienced in the vicinity of Sydney's Kingsford 

Smith airport, particularly those perceived after the opening of Sydney's third runway (also 

known as 'the parallel runway') on 4 November 1994.  The following Table 1.1, extracted 

from the 1995 Report of the Senate Select Committee on Aircraft Noise in Sydney, 

illustrates the enormous adverse impact of the opening of Sydney's third runway: 
5
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Table 1.1 Sydney Airport Complaints 

Year Number of complaints Average per month 

1987 622 52 

1988 1423 119 

1989 1598 133 

1990 1790 149 

1991 1271 106 

1992 1237 103 

1993 1375 115 

1994 12,977 1081 
a
 

1995 
b
 43,035 4300 

Notes to Table 1.1: 

a Average monthly figure before the opening of the parallel runway: 105. 

 Average monthly figure after the opening of the parallel runway: 5964. 

b Total to end of August 1995. 

 

So what was already a very significant problem in the densely populated areas surrounding 

Sydney airport suddenly became an even greater problem.  The issue of airport noise is 

examined in Chapter 4, with the Sydney airport example used extensively to illustrate the 

major issues relating to such noise levels.  As shall be discussed in more depth in Chapter 

4, the crisis due to the opening of Sydney's third runway was largely a result of poor 

planning, poor advice to government, and the poor government decisions that invariably 

follow poor advice.    

 

Fortunately, however, the future outlook seems far from hopeless.  The aircraft noise 

problem is a massive one, and needs to be respected as such, but is not insurmountable, and 

in the wake of substantial technological advances, and concerted attention from 

governments, action groups and research agencies worldwide, it seems certain that the 

aircraft noise problem will eventually be tamed. 
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1.2 Project Objectives 

 

1.2.1 Motivation 

 

The study of aircraft noise as a project and thesis topic was advertised late in 1995 in the 

following terms: 

 

Airplane Noise Levels (Survey). 

 

You will be required to carry out a survey of aircraft noise during takeoffs and 

landings. You will also analyse the gathered data and suggest some means of 

reducing the noise levels near an airport.  Maybe, you hold a remedy for people 

suffering from the third runway at the Sydney Airport! 

 

In an idealistic sense, the prospect of contributing to the solution of the aircraft noise 

problem seemed particularly attractive.  However, a preliminary examination of literature 

revealed that numerous suggested solutions to the aircraft noise problem in Sydney and 

elsewhere had already been proposed and/or implemented, and that the solution to Sydney's 

particular aircraft noise problem probably lay more in common sense, careful planning and 

political astuteness than in engineering breakthroughs.  It also emerged that the aircraft 

noise field is a very broad one.  A perusal of reference titles suggested that aircraft noise 

has been studied or at least reported on in relation to such diverse matters as: 

 

  � effects on physiology, health and school and work performance 

  � the environment, environmental design and land use planning 

  � responses by community, government and regulatory bodies 

  � the design of aircraft, airports and noise abatement techniques   

  � noise measurement and analysis 
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Clearly it would be impossible to pursue the full extent of the topic in an undergraduate 

project.  So in consultation with the project supervisor and others who have provided 

helpful advice, it was decided that an appropriate research project would be an examination 

of aircraft noise that focused upon the certification of aircraft with respect to noise, and 

related regulations, standards, procedures and techniques. 

 

1.2.2 Research Aims 

 

In broad performance terms, the objectives of this project have been the following: 

 

� survey literature 

� analyse certification procedures 

� compare certification standards and regulations 

 

The aim of the literature survey - and the project generally - has been to examine the 

literature available on aircraft noise generally, and aircraft certification with respect to 

noise in particular. 

 

In analysing certification procedures, particular attention has been paid to the regulatory 

frameworks and the noise measurement and analysis techniques associated with such 

certification. 

 

Several comparisons of aircraft noise certification standards have been carried out.  

International certification standards have been compared with those established by major 

European and United States agencies and those applicable in Australia.  International 

variations in standards are also examined.  Military standards and attitudes toward aircraft 

noise have been compared to civil standards, both in Australia and in the United States. 
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Whilst not an original project aim, the essential link between aircraft noise and airport 

noise has demanded consideration of the airport noise issue.  It is, after all, at the level of 

airports that the aircraft noise problem assumes its full effect.  Indeed, the entire aircraft 

noise certification process has been motivated by concern over noise levels surrounding 

airports. 

 

1.2.3 General Coverage 

 

In pursuing the objectives as described above, the project has examined the following 

issues associated with aircraft noise and the certification of aircraft with respect to noise: 

 

� Regulatory Framework 

� Aircraft Noise Measurement and Analysis 

� Airport Noise and the Australian Noise Exposure Forecast 

� Aircraft Noise and the Military 

 

Essentially, the project has involved the examination and reporting of a range of research, 

technical and legal documents which describe various aspects of aircraft noise and aircraft 

certification with respect to noise.  

 

 

1.3 Literature Survey  

 

1.3.1 Major Studies 

 

Under the direction of the British Parliament and the Department of Trade and Industry, 

two major studies were conducted to survey and analyse the effect of aircraft noise 

annoyance around London's Heathrow airport.  The first of these began in 1961, the second 

in 1967. 
6,7
  A major aim of these studies was to gain an understanding of how subjective 
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community responses to aircraft noise related to objective noise exposure levels.  The first 

study led to the development of the "Noise and Number Index", which was a forerunner of 

improved indices of airport noise exposure developed in the United States and Australia; 

these indices are discussed in Chapter 4. 

 

The earliest major United States study on aircraft noise was reported in 1964 by Bolt, 

Beranek and Newman for the United States Federal Aviation Administration (FAA), titled 

'Land Use Planning Relating to Aircraft Noise'. 
8  This was followed by numerous other 

reports in the late 1960s and early 1970s in the wake of growing concern over aircraft and 

airport noise.  As with the British Heathrow Airport studies, the United States studies 

covered issues such as the physiological effects of noise, land use planning issues, legal 

and regulatory matters, and efforts to design noise measurement indices relating subjective 

community responses to objective noise exposure levels.   

 

In 1979, the Australian Departments of Transport, Defence and Health jointly sponsored a 

major Australian study by Hede and Bullen of the National Acoustics Laboratory. 
9
  This 

study followed a methodology similar to that used in the Heathrow Airport studies 

mentioned above, and also extended on the work of several American studies.  The 1982 

report of this study led to the development of the Australian Noise Exposure Forecast 

(ANEF) as a measure of airport noise, as will be discussed in Chapter 4. 

 

1.3.2 Major Certification Standards 

 

So far as Australia and the other 182 nation members of the International Civil Aviation 

Organization (ICAO) are concerned, the primary authority on the subject of  aircraft noise 

certification is Volume I of Annex 16 to the Convention on International Civil Aviation. 
10  

Comparable documents have been produced by the United States Federal Aviation 

Administration (FAA) and the European Joint Aviation Authority (JAA). 
11,12

  The 
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examination of these documents has been a large component of the project described herein.  

These documents are discussed in detail in Chapters 2 and 3. 

 

1.3.3 Australian Legislation, Regulations And Standards 

 

Copies of all Australian government legislation and regulations associated with aircraft 

noise have been secured and examined, as has the Australian Standard AS 2021-1994 titled 

"Acoustics-Aircraft noise intrusion-Building siting and construction". 
13
  These items are 

described in detail in Section 2.4. 

 

1.3.4 Australian Parliamentary Reports 

 

The issue of aircraft noise was already being taken very seriously by the Australian 

Government in the 1960s, and has remained a source of parliamentary focus in the years 

that have followed the establishment of the first House of Representatives Select 

Committee on Aircraft Noise (HORSCAN) back in 1968.  This first HORSCAN collected 

4444 pages of evidence and issued its final report in October 1970. 
1
  This was followed by 

the 1982 House Of Representatives Inquiry Into All Aspects Of Aircraft Noise, which 

examined some 3000 pages of evidence and led to the establishment of the 1985 

HORSCAN. 
14
  Most recently, the 1995 Senate Select Committee On Aircraft Noise In 

Sydney issued its final report in November 1995 after considering 5200 submissions. 
5
   

This latest 1995 report has been examined in detail. 

 

1.3.5 Airport Environmental Impact Statements 

 

The 1974 Environment Protection (Impact of Proposals) Act requires that Environmental 

Impact Statements (EISs) be produced before new airports can be built or existing ones 

modified in such a way that might adversely change their environmental impact. 
15
  In 

recent times, such Impact Statements have been prepared - generally by private consultants, 
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under the direction of the Commonwealth Department of the Environment and the 

Environmental Protection Authority - on proposed changes to the major airports in Sydney, 

Melbourne, Perth, and most recently Adelaide. 
16
  Based on the long-running 'Second 

Sydney Airport Site Selection Program EIS', Badgery's Creek has ultimately been selected 

as the site for Sydney's second major airport, from an original field of 120 proposed sites. 
17
   

 

The Draft Environmental Impact Statement for the proposed third runway at Sydney's 

Kingsford Smith Airport was issued in September 1990, and after the federal government 

decided that adverse environmental impacts were acceptable, the third runway was opened 

for operation on 4 November 1994. 
18
   This Draft EIS document has been examined in 

detail.  A brief examination of several other EISs prepared for Australian airports in recent 

years shows that they all contain much the same generic material, and differ only in site 

specific matters.  All provide a comprehensive background description of aircraft and 

airport noise, the measurement of such noise, and recommendations for reducing the 

adverse impact of such noise.   

 

1.3.6 World Wide Web Searches Using The First Search Catalogue 

 

The internet World Wide Web was consulted only somewhat belatedly, after all of the 

references vital to the present project had been secured.  Using the most inclusive 

"WorldCat" database in the "First Search" Online Computer Library Centre catalogue, the 

following numbers of reference items have been found using the key words as shown: 

 

 � Aircraft Noise -  1261 items found, including: 

       182 items dated between 1991 and 1996; 

       95 items dated between 1993 and 1996; 

         37 items dated between 1995 and 1996; 

 

 � Airport Noise - 1426 items found 

 � Aircraft Noise Certification - 29 items found 

 � Aircraft Noise Australia - 17 items found 
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 � Aircraft Noise Military - 16 items found 

 

 

1.4 Sources of Aircraft Noise 

 

In flight, aircraft noise consists of aerodynamic and propulsion system components.  The 

noise of a glider would hence consist of just the component due to the aerodynamic 

interaction between the aircraft and the air it passes through. 

 

According to Ashford and Wright, the aim of future legislation on aircraft noise should be 

to "ensure continuous reduction down to the level at which aerodynamic slipstream noise 

over the aircraft structure becomes the limiting factor". 
3
  Whilst there is certainly value in 

seeking aircraft designs producing minimal aerodynamic noise, in commercial airliners and 

military aircraft, the aerodynamic contribution to noise is so much less than the propulsion 

system components that it can be neglected from present consideration.   

 

The noise of an aircraft propulsion system depends on the type of propulsion system.  

Turbofan, turboprop and turbojet engines each have special noise characteristics, as do 

propellers and helicopter rotors.  Propeller and turboprop powered aircraft (nearly all of 

which are small compared to typical commercial airliners) are generally less noisy than 

commercial airliners and large or high speed military aircraft powered by turbofan or 

turbojet engines.  Research has shown that people generally find the noise from jet engines 

much more annoying than that from propeller engines and helicopter rotors, because high 

frequency sounds, which people are generally less tolerant of, make up a greater proportion 

of the noise spectrum of jet engines than of propeller driven engines and helicopter rotors. 

19   The noise of turbojet and turbofan engines has been responsible for most of the 

problems with aircraft noise and the remainder of this section shall deal just with these 

engine types. 
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The noise of turbojet and turbofan engines is in turn made up of two main components:  

machinery noise and primary jet noise.  Machinery noise includes that generated by the 

moving parts of the engine such as the compressor and turbine blades, and the fan in the 

case of turbofan engines.  Koronjeff explains that "[t]he fan and compressor blade noise is 

radiated forward of the engine while the turbine blade noise is radiated aft". 
2
  Most of the 

noise of the primary jet is due to the mixing of the high velocity exhaust gases with the 

cold atmosphere, with the noise level increasing with jet exhaust gas velocity. 
20
  For this 

reason the primary jet noise of the turbofan engine is much less than that of the simple 

turbojet.  Koronjeff explains further that with turbofan engines: 
2
 

 

The fan exhaust also generates noise, but during high levels of thrust (e.g., takeoff) 

the overall noise level from the primary jet is reduced by the presence of the fan 

exhaust.  This is due to the fact that the velocity of the fan exhaust is less than that 

of the primary jet; therefore it provides for a less abrupt mixing of the primary jet 

with the ambient air.  

 

During takeoff, primary jet noise dominates, whereas on approach, where thrust is at low 

settings, machinery noise is dominant. 
2
   

 

The first generation of commercial jet aircraft, such as the Boeing 707 and the McDonnell-

Douglas DC-8, which dominated the industry in the early 1960s, were propelled by turbojet 

engines which were very noisy due to the very high velocity of gases in the exhaust wake. 

19
  By the end of the 1960s, however, turbojet engines had been replaced by turbofan 

engines in most commercial jets (including 707s and DC-8s).  Turbofan engines are 

inherently more efficient than turbojets, and generate more thrust than turbojets of 

comparable installed weight. 
19
  These superior features have made turbofans preferable to 

turbojets for use in virtually all commercial aircraft and most military aircraft.  Only in 

some very high speed military aircraft are turbojet engines with reheaters (or afterburners) 

preferred, on performance grounds, to turbofan engines.  Reheaters are used for thrust 
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augmentation in some supersonic commercial aircraft as well as military aircraft.  

Reheating increases the temperature and velocity of exhaust gases and hence generally 

produces excessive levels of noise. 
20
 

 

The fan arrangement allows turbofan engines to take in greater quantities of air than 

turbojets.  Consequently, air is expelled from turbofan engines at lesser velocities than 

from turbojets.  So the primary jet of a turbofan engine is generally much quieter than that 

of turbojets.  Furthermore, since turbofans have greater thrust than their turbojet 

counterparts of similar installed weight, turbofan aircraft can achieve steeper take off 

trajectories, thereby reducing noise exposure on the ground.  

 

The engine noise originating from the rotative machinery, such as fans, compressors, and 

turbines, is more prominent in turbofans than in turbojet engines, however.  The fan noise 

of turbofan engines (which of course is absent from turbojets) produces the characteristic 

whine of turbofan aircraft in landing operations. 
19
  But overall, turbofans are still much 

less noisy than turbojets.  Up to a point, the higher the bypass ratio, the less noisy the 

engine, all else being equal, but the relationship between noise and bypass ratio is not 

simple, as explained by Cohen et al. in the following terms: 
20
 

 

At first sight it would appear that noise considerations would demand the highest 

possible by-pass ratio, resulting in a low jet velocity.  Unfortunately, however, as 

by-pass ratio is increased the resulting high tip speed of the fan leads to a large 

increase in fan noise. Indeed at approach conditions, with the engine operating at a 

low thrust setting, the fan noise predominates; fan noise is essentially produced at 

discrete frequencies which can be much more irritating than the broad band jet 

noise.  
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1.5 Aircraft Noise Reduction Measures 

 

Various measures have been taken to minimise the adverse effects of aircraft noise, 

including those discussed as follows: 

 

 

1.5.1 Quieter Engines 

 

The transition from the turbojet to the turbofan as the main propulsion unit of commercial 

aircraft yielded significant reductions in engine noise levels.  And yet further improvements 

have been achieved in the transition from low bypass ratio to higher bypass ratio engines.  

Newer turbofan engines, such as those used to power Being 747s and 767s, and 

McDonnell-Douglas DC-10s, have bypass ratios in the range of 4 to 6, whereas the first 

generation of turbofans used to power aircraft such as Boeing 707s, 727s and 737s, and 

McDonnell-Douglas DC-8s and DC-9s, had bypass ratios in the 1 to 2 range. 
2
  By the early 

1970s, the 747 and DC-10 aircraft had achieved noise levels some 15 EPNdB lower than 

the turbofan powered 707s and DC-8s. 
2
  (Section 3.3 defines the EPNdB decibel scale 

used for aircraft noise levels) 

 

In addition to increasing bypass ratios, other engine modifications have been developed in 

the quest to reduce noise.  Cohen et al. state that fan noise "can be alleviated by acoustic 

treatment of the intake duct, avoiding the use of inlet guide vanes, and careful choice of 

axial spacing between the fan rotor and stator blades". 
20
  Nacelle treatment, involving "the 

installation of acoustically absorptive engine [intake] duct linings" has been particularly 

effective in reducing the fan noise of turbofan engines when aircraft are landing. 
19
  Nacelle 

treatment was most called for in low bypass ratio turbofans, and such treatment of 707 and 

DC-8 turbofan engines has again yielded noise reductions in the range of approximately 10 

to 15 EPNdB. 
19
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Significant primary jet noise reductions can only be achieved by reducing the velocity of 

the primary jet exhaust gases.  Several types of nozzle noise suppressors have been 

developed to reduce primary jet noise, including corrugated, multitube, and teeth types, but 

reductions in noise have been marginal. 
2
  Cohen et al. state that primary jet noise levels 

can be reduced by accelerating the mixing process between the exhaust gases and 

atmospheric air, which "is normally achieved by increasing the surface area of the jet 

stream". 
20
      

 

1.5.2 Quieter Flight Paths 

 

To minimise adverse noise impact on the ground below, aircraft should follow airport 

departure and arrival paths which avoid densely populated residential areas as far as 

possible.  Steeper arrival and departure trajectories are similarly desirable since they result 

in aircraft being a greater linear distance from the land below for longer, hence reducing 

noise intrusion on the land below.  Such realities greatly favour aircraft which can take off 

and ascend at as steep an incline as possible.   

 

The term 'noise footprint' refers to the area, surrounding an airport, within which noise 

levels are observed at or greater than some nominal level as the result of a takeoff or 

landing of a particular aircraft. 
3
  So the 80 EPNdB footprint of an aircraft on landing, for 

example, is the area, as drawn on a map surrounding the airport, in which noise levels due 

to the landing are received on the ground at 80 EPNdB or more.  Clearly, short take off and 

landing (STOL) and vertical take off and landing (VTOL) aircraft have the potential to 

produce much reduced noise footprints.  The transition from turbojet to low bypass 

turbofan engines in the Boeing 707 reduced the 80 EPNdB noise footprint from 450 to 250 

square kilometres by virtue of the steeper takeoff paths possible with the higher thrust 

turbofan engines. 
3
  By the late 1970s, 80 EPNdB noise footprints of the order of 20 square 

kilometres were being achieved by commercial airliners, and Ashford and Wright predict 



-  15  - 

that future short take off and landing airliners could achieve 80 EPNdB footprints of just 3 

square kilometres. 
3
   

 

Research has established that people generally find aircraft flyovers more disturbing at 

night time than during daytime hours. 
6,9
  It is therefore desirable to set curfews or 

otherwise minimise the number of takeoffs and landings at airports at night time. 

 

1.5.3 Land Planning Strategies 

 

Relatively little can be done to reverse the residential developments adjacent to an airport 

like Sydney airport, but all future land planning should strive to minimise the amount of 

residential development in land areas surrounding airports.  

 

The use of double glazed windows can substantially reduce the extent of noise disturbance, 

and this measure is highly recommended to residents in localities subject to high levels of 

aircraft noise. 
13,18

  The placement of external physical barriers (for example, tree hedges or 

brick walls) can achieve further, albeit relatively modest, noise reduction. 
13
     

 

1.5.4 Government Regulation 

 

Private commercial airline companies with duties to their shareholders will generally have 

greater inherent regard for profit than for environmental concerns such as aircraft noise.  A 

suitable regulatory framework is required to ensure that measures, such as those described 

in the preceding sub-sections, are actually carried out. 
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1.6 Chapter Previews 

 

Chapter 2 details the regulatory framework governing the certification of aircraft with 

respect to noise both internationally and in Australia.  This Chapter describes the laws, 

regulations and standards - both Australian and international - associated with aircraft noise 

and the certification of aircraft with respect to noise, as well as the major governing bodies 

and items of documentation associated with aircraft noise certification. 

 

Chapter 3 describes the process of aircraft noise certification, focusing on the noise 

measurement and analysis techniques associated with such certification procedures. 

Whilst the process of certification applies to individual aircraft, or individual aircraft 

models, it is at the level of total airport operations that the aircraft noise problem is 

greatest.  Chapter 4 examines the relationship between aircraft noise and airport noise, and 

describes the technique known as the Australian Noise Exposure Forecast, which provides 

a quantitative measure of the noise levels experienced in the areas surrounding airports. 

 

Chapter 5 describes the manner in which aircraft noise is dealt with in the military - both in 

Australia and in other nations. 

 

Chapter 6 offers conclusions arising from the work carried out and recommendations for 

future research in the area of aircraft noise. 
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2.  REGULATORY FRAMEWORK 

 

 

Aircraft noise is the subject of a regulatory framework led by initiatives of the International 

Civil Aviation Organization, and implemented through subordinate laws and regulations in 

the nation members of that organization.  Detailed aircraft noise provisions have also been 

established by the United States Federal Aviation Administration and the European Joint 

Aviation Authority.  The various international and Australian components of this 

regulatory framework are described and compared in this chapter. 

 

 

2.1 The International Civil Aviation Organization (ICAO) 

 

2.1.1 The Chicago Convention 

 

In early 1944, the United States initiated discussions among 55 nations, all being its allies 

or neutral nations, on the subject of postwar civil aviation. 
3
  The United States government 

subsequently invited these nations to attend the Convention on International Civil Aviation, 

which was held in November and December of 1944 in Chicago, USA, attended by 

representatives of 52 nations.  This Convention is commonly referred to as "The Chicago 

Convention".  Its purposes are well expressed by the preamble of the text of the 

Convention, which is reproduced as follows: 
21
         

 

WHEREAS the future development of international civil aviation can greatly help 

to create and preserve friendship and understanding among the nations and peoples 

of the world, yet its abuse can become a threat to the general security; and 

 

WHEREAS it is desirable to avoid friction and promote that co-operation 

between nations and peoples upon which the peace of the world depends; 
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THEREFORE, the undersigned governments having agreed on certain principles 

and arrangements in order that international civil aviation may be developed in a 

safe and orderly manner and that international air transport services may be 

established on the basis of equality of opportunity and operated soundly and 

economically; 

 

Have accordingly concluded this Convention to that end. 

 

So essentially, the aim of the Convention was to establish a regulatory framework under 

which international civil aviation could be conducted in a consistent, orderly and peaceful 

manner.     

 

The text of the Convention was set out in 96 articles which outlined the duties and 

privileges of the signatory states and provided for the establishment of international 

standards and recommended practices on all aspects of civil air navigation.  And after 

ratification by the governments of 26 national states, the International Civil Aviation 

Organization (ICAO) came into existence on April 4, 1947, in accordance with Articles 43 

and 91 of the Convention. 
3
  The ICAO has the status of a specialized agency of the United 

Nations, and its permanent headquarters have been established in Montreal, Canada, in 

accordance with Article 45 of the Convention. 
2
   Article 44 of the Convention defines the 

objectives of the ICAO as follows:    

 

The aims and objectives of the Organization are to develop the principles and 

techniques of international air navigation and to foster the planning and 

development of international air transport so as to: 

 

(a) Insure the safe and orderly growth of international civil aviation throughout 

the world; 

(b) Encourage the arts of aircraft design and operation for peaceful purposes; 
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(c) Encourage the development of airways, airports, and air navigation facilities 

for international civil aviation; 

(d) Meet the needs of the peoples of the world for safe, regular, efficient and 

economical air transport; 

(e) Prevent economic waste caused by unreasonable competition; 

(f) Insure that the rights of contracting States are fully respected and that every 

contracting State has a fair opportunity to operate international airlines; 

(g) Avoid discrimination between contracting states; 

(h) Promote safety of flight in international air navigation; 

(i) Promote generally the development of all aspects of international civil 

aeronautics. 

 

2.1.2 ICAO Membership 

 

There are currently 183 nation members (also referred to as 'Contracting States') of the 

International Civil Aviation Organization.   These nations are listed in Appendix 1.    

 

2.1.3 ICAO Governing Bodies 

 

Article 43 of the Chicago Convention provides that the International Civil Aviation 

Organization shall be "made up of an Assembly, a Council, and such other bodies as may 

be necessary".  The Assembly and its assigned functions are prescribed in Articles 48 and 

49 of the Convention, whilst the Council is similarly defined by Articles 50-55.  The 

sovereign body of the ICAO is the Assembly, in which each member nation has one vote, 

in accordance with Article 48.  The Council, based at the Montreal headquarters, is the 

permanent governing body responsible for day to day and general business and for carrying 

out directives from the Assembly and those set out in the relevant Articles of the 

Convention.  Article 50 of the Convention calls for the 30 member Council to "emphasize 
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in its makeup the states of chief importance to air transport, with a provision for 

geographical balance". 

 

2.1.4 ICAO Aircraft Noise Initiatives 

 

In accordance with Article 37 of the Chicago Convention, the ICAO is responsible for the 

development of international standards and recommended practices on all aspects of civil 

aviation.  And according to Article 54 of the Convention, one of the ICAO Council's 

mandatory functions is to "adopt .... international standards and recommended practices ..., 

designate them as Annexes to this Convention; and notify all contracting States of the 

action taken".  In 1971, the ICAO first issued, as Annex 16 to the Convention, international 

standards and recommended practices on the subject of aircraft noise. 
22
  The following 

sequence of meetings were instrumental in the development of this first edition of Annex 

16: 

 

� The International Conference on the Reduction of Noise and Disturbance 

Caused by Civil Aircraft (known as "The London Conference") held in 

London in November 1966 

 

� The Fifth Air Navigation Conference of ICAO held in Montreal in 

November 1967 

 

� The Special Meeting on Aircraft Noise in the Vicinity of Aerodromes held 

in Montreal in November and December 1969 

 

The 1969 Special Meeting examined the following aspects of aircraft noise:  

 

 a) procedures for describing and measuring aircraft noise; 

 b) human tolerance to aircraft noise; 

 c) aircraft noise certification; 

 d) criteria for establishment of aircraft noise abatement operating procedures; 
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 e) land use control;  and  

 f) ground run-up noise abatement procedures. 

 

 

A standing Committee on Aircraft Noise was established by ICAO in 1972 and first met in 

December 1972.  Following the fourth and fifth meetings of the Committee on Aircraft 

Noise, the second and third editions of Annex 16 were adopted in 1976 and 1978 

respectively. 
10
   

 

At the sixth meeting it was decided that Annex 16 to the Convention should cover all 

environmental aspects of air navigation, with Volume I dealing with aircraft noise and 

Volume II with aircraft engine emissions. 
10
  The first edition of Volume I of Annex 16 was 

adopted in 1981 as an updated version of the 1978 third edition of Annex 16.  An updated 

second edition of Volume I was issued in 1988, and the current third edition was adopted 

in 1993 following the eighth meeting of the Committee on Aircraft Noise. 
23
  This third 

edition has been secured and examined in detail as a central part of the research reported 

here. 

 

Volume I of Annex 16 divides aircraft into various categories based on engine type, size 

and date of manufacture of the prototype, and establishes, for each category of aircraft, 

noise limits which  must be satisfied for certification to proceed.  This Volume also 

outlines, in comprehensive detail, the noise measurement procedures, data analysis 

techniques, and administrative actions involved in the certification of aircraft with respect 

to noise.  Chapter 3 describes the procedures involved in aircraft noise certification, and 

associated noise measurement and analysis techniques as set out in Volume I of Annex 16. 
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2.2 United States Federal Aviation Administration (FAA) 

 

2.2.1 Formation and Responsibilities 

 

The United States Federal Aviation Agency was absorbed into the United States 

Department of Transportation and renamed the Federal Aviation Administration (FAA) in 

1967. 
3
  The FAA is headed by the chief executive known as the Administrator, who is 

appointed by the United States President. 
2
  According to its charter, the FAA duties 

include the promotion and development of: 

 

 � aviation safety; 

 � civil aviation and a national system of airports; 

 � the efficient use of navigable airspace;  and 

� a common system of air traffic control and air navigation for both civilian 

and military aircraft. 

 

The aim for a common system for both civil and military aircraft sets the FAA apart from 

the ICAO. 

 

2.2.2 FAA Aircraft Noise Initiatives 

 

United States Public Law 90-411, enacted by Congress in July 1968, provided the FAA with 

the statutory authority for the control of aircraft noise. 
19
  The FAA issues Federal Aviation 

Regulations (FARs), with sub-regulations on individual aspects of air navigation designated 

by 'part numbers'.  In 1969, in response to escalating concerns over aircraft noise in the 

United States and internationally, FAR Part 36 titled 'Noise Certification of Aircraft' was 

first issued, becoming effective in December 1969. 
19
  FAR Part 36 was designed to limit 

noise from all new subsonic turbojet aircraft with bypass ratios more than 2, which initially 

limited their application to Boeing 747s and McDonnell-Douglas DC-10s. 
3
  Subsequent 
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amendments, however, have extended the application of Part 36 to other forms of aircraft 

(including helicopters) and to the phasing out of older models of aircraft (such as Boeing 

707s, 727s and 737s and McDonnell-Douglas DC-8s and DC-9s, retrospectively) unless they 

were modified so as to satisfy set noise limits. 
19
   Ashford and Wright note, for example, 

that  "in late 1976 the FAA announced that older, noisier, four-engine jet airplanes must be 

modified to meet the Part 36 noise levels or be retired from service within 8 years". 
3
   

 

In establishing FAR Part 36, the FAA made it clear that the prescribed noise levels would 

be further reduced as the reductions become technologically practical and economically 

reasonable.  A noise floor of 80 EPNdB was proposed for some future date as an objective 

to aim for, and to achieve where economically reasonable. 
2
  

 

Because the majority of the world's jet aircraft were built in the United States, the 

provisions of FAR Part 36 effectively applied throughout the world. 
4
  The first issue of 

FAR Part 36 (in 1969) preceded the first issue of Annex 16 to the Chicago Convention (in 

1971).  Annex 16 largely duplicated the requirements and standards set out in Part 36, and 

over the years these two standards have developed essentially in parallel with one another 

in a cooperative, mutually beneficial, albeit duplicated, manner.   

 

The version of FAR Part 36 that has been examined as part of the present research effort is 

that which became effective on 1 January 1991, as it appears in The United States Code of 

Federal Regulations Title Number 14, which deals with the subject of Aeronautics and 

Space. 

 

In addition to FAR Part 36, the FAA is also responsible for assessing land use suitability in 

areas surrounding airports by virtue of the United States Airport and Airway Development 

Act of 1970. 
19
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2.3 European Joint Aviation Authority (JAA) 

 

2.3.1 Formation and Membership 

 

Article 77 of the Chicago Convention provides that joint operating organizations composed 

of two or more ICAO member nations are permitted.  A major example of such a joint 

operating organization is the European Joint Aviation Authority (JAA).  Formed in 1970, 

and based in the city of Hoofddorp in The Netherlands, the JAA now has 27 member 

nations comprising the 15 members of the European Union (EU), the six members of the 

European Free Trade Association (EFTA) and Cyprus, the Czech Republic, Hungary, 

Malta, Monaco, Poland, Slovakia, Slovenia and Turkey.
 24
  The JAA is actually one of 

several joint aviation authorities operating in Europe.  The other major authorities are the 

European Civil Aviation Conference (ECAC), Eurocontrol, and the aviation authorities of 

the European Union and the European Free Trade Association. 
25
  Appendix 2 lists the 

member nations of the JAA and the other joint authorities mentioned above.      

 

2.3.2 JAA Aircraft Noise Initiatives 

 

The JAA has produced, in the form of Joint Aviation Requirement Number 36 (abbreviated 

as JAR-36) its own set of aircraft noise guidelines which are almost identical to the 

corresponding provisions in Volume I of the ICAO Annex 16.  The numbering system used 

in the JARs by JAA is purposely designed to match up with that of the FAR Part numbers 

issued by the United States FAA. 
25
  Hence the number '36' identifies the aircraft noise 

regulations issued by both the FAA and JAA. 

 

The first draft of JAR-36 was circulated in the early 1990s and the regulation came into 

effect early in 1996 after the approval of the fifth draft. 
24
  The fourth December 1993 draft 

has been examined as part of the research reported here. 
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2.4 Comparison Among International Standards 

 

2.4.1 Comparison among ICAO, FAA and JAA Standards. 

 

The extent to which JAR-36 matches Volume I of Annex 16 is underlined by the following 

extract from the 'Foreword' to the fourth draft of JAR-36: 
12
       

 

This JAR for Aircraft Noise reproduces the Standards agreed by the International 

Civil Aviation Organization (ICAO) for Environmental Protection in Annex 16 

Volume I; Aircraft Noise; Third Edition (1993), as applicable to jet and propeller-

driven heavy Aeroplanes, propeller-driven light Aeroplanes and Helicopters.  It 

includes Chapters 3, 6, 8, 10 and 11 of Annex 16, Volume I and incorporates ECAC 

recommendations.  For the exceptional cases of certain very old aircraft types which 

are not covered by JAR-36 the applicable historic noise certification standards may 

be found in Annex 16. 

 

And as discussed in Section 2.2.2, the FAR Part 36 provisions very closely match the 

corresponding provisions of Volume I of Annex 16, although the style of setting out and 

the use of imperial units sets Part 36 apart from the ICAO and JAA documents.  The 

following Table 2.1 summarises, by aircraft type, the correspondence between the Volume 

I of Annex 16 provisions and those of JAR-36 and FAA Part 36.  Nearly all large 

commercial airliners are the subsonic jet aircraft dealt with in Chapters 2 and 3 (and 

Appendices 1 and 2) of Part II of Volume I of Annex 16 to the Chicago Convention.  These 

aircraft are hence commonly referred to as 'Chapter 2 aircraft' and 'Chapter 3 aircraft'.  The 

major ICAO and FAA initiatives of recent years have been directed at phasing the older, 

noisier Chapter 2 aircraft out of service. 
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Table 2.1    Corresponding ICAO, FAA and JAA Provisions, by Aircraft  

 

AIRCRAFT TYPE 
ICAO Volume 

I, Annex 16 
FAR Part 36 JAR-36 

SUBSONIC JET 

AEROPLANES - 
application accepted on or after 

6 October 1977  
a
 

Part II Chapter 3 

and Appendix 2 

Subparts A, B and C and 

Appendices A, B and C (for 

tests on or after 3 April 1978) 

Sub-section A 

and Appendix 1 

SUBSONIC JET 

AEROPLANES - 
application accepted before 6 

October 1977 

Part II Chapter 2 

and Appendix 1 

Subparts A, B and C and 

Appendix C (for tests before 3 

April 1978) 

  

SUPERSONIC 

AEROPLANES 
Part II Chapter 4 Subpart D and Appendix C   

PROPELLER-DRIVEN 

AEROPLANES > 9 000 kg 
- application accepted on or after 

17 November 1988  
b, c
 

Part II Chapter 3 

and Appendix 2 

Subparts A, B and C and 

Appendices A, B and C (for 

tests on or after 3 April 1978) 

Sub-section A 

and Appendix 1 

PROPELLER-DRIVEN 

AEROPLANES < 9 000 kg 
- application accepted on or after 

17 November 1988 

Part II Chapter 10 

and Appendix 6 

Subparts A and F and 

Appendix G (for certification 

tests on or after 22 December 

1988) 

Sub-section C 

and Appendix 3 

PROPELLER-DRIVEN 

AEROPLANES < 9 000 kg 
- application accepted before 17 

November 1988 

Part II Chapter 6 

and Appendix 3 

Subparts A and F and 

Appendix F (for certification 

tests before 22 December 

1988) 

Sub-section B 

and Appendix 2 

PROPELLER-DRIVEN 

AEROPLANES > 5 700 kg 
- application accepted on or after 

1 January 1985 and before 17 

November 1988 

Part II Chapter 3 

and Appendix 2 

Subparts A, B and C and 

Appendices A, B and C (for 

tests on or after 3 April 1978) 

Sub-Section A 

and Appendix 1 

PROPELLER-DRIVEN 

AEROPLANES > 5 700 kg 
- application accepted before 1 

January 1985 

Part II Chapter 5 

and Appendix 3 

Subparts A, B and C and 

Appendices A, B and C (for 

tests on or after 3 April 1978) 

  

HELICOPTERS 
Part II Chapter 8 

and Appendix 2 
Subpart H and Appendix H 

Sub-section D 

and Appendix 1 

HELICOPTERS < 2 730 kg 
Part II Chapter 11 

and Appendix 4 
Subpart H and Appendix J 

Sub-section E 

and Appendix 4 

PROPELLER-DRIVEN 

STOL AEROPLANES 

Part II Chapter 7 

and Attachment B 
    

Installed Auxiliary Power 

Units (APUs) and associated 
aircraft systems during ground 

operations 

Part II Chapter 9 

and Attachment C 
    

Notes to Table 2.1: 

a        "application" = "application for certificate of airworthiness for the prototype" 

b        masses given in kg are maximum certificated take-off masses 

c        where the 9000 kg 'cutoff' mass is recognised by the ICAO and the JAA, the FAA uses 8640 kg 
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2.4.2 National Variants to Volume I of Annex 16 to the Chicago Convention 

 

Notwithstanding the FAA and JAA provisions, Article 38 of the Chicago Convention 

requires that ICAO member states inform ICAO headquarters in writing of all details of 

any departures from the standards and recommended practices set out in Volume I of 

Annex 16. 
10,21

   

 

A Supplement to the third edition of Volume I of Annex 16, dated 31 December 1994, lists 

those ICAO member nations which have notified the ICAO of differences between their 

national regulations and practices and the international standards set out in Volume I of 

Annex 16. 
26
 Also listed are the actual differences notified by these nations.  These lists are 

shown at Appendix 3.  It is clear that differences are minimal on the whole, although the 

following notification made by Saudi Arabia is an exception: 

 

The provisions of Annex 16, Volume I  have not been incorporated in the national 

regulations because aircraft noise is not considered a significant problem in the 

Kingdom of Saudi Arabia.  Adoption of noise emission standards in the national 

regulations will be considered if the need arises.  

 

Australia is one of 19 member nations which, by the time of the 31 December 1994 

Supplement, notified that no differences existed between its national regulations and those 

prescribed in Volume I of Annex 16.  These 19 nations also are listed at Appendix 3.  The 

following section details the Australian aircraft noise regulatory framework, which 

provides an excellent case description of the manner in which ICAO resolutions become 

the law of a member nation. 
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2.5 Australian Regulatory Framework 

 

The Australian regulatory framework governing aircraft noise and the certification of 

aircraft with respect to noise involves the following laws, regulations and standards: 

 

� 1901 Constitution Act (especially Section 51) 

 

� 1920 Air Navigation Act - amended in 1947 to make the Chicago Convention 

resolutions Australian law (last amended 1989) 

 

� 1984 Air Navigation (Aircraft Noise) Regulations (last amended 1994) 

 

� 1989 Air Navigation (Aerodrome Curfew) Regulations (last amended 1995) 

 

� 1995 Aircraft Noise Levy Act 

� 1995 Aircraft Noise Levy Collection Act 

� 1995 Aircraft Noise Levy Regulations 

 

� Australian Standard AS 2021-1994 titled: Acoustics-Aircraft noise intrusion-

Building siting and construction 

 

The federal government Departments of Transport, the Environment and Defence also have 

statutory responsibilities relating to aircraft noise, as does Airservices Australia (formerly a 

part of the Civil Aviation Authority) and the Federal Airport Corporation. 

 

The above components of the Australian regulatory framework are now described in turn. 
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2.5.1 Australian Government Law Making Powers Over Aviation 

 

The Australian Constitution, enacted by the British Parliament in 1901, is the primary 

authority for determining the law making powers of Australia's federal and state and 

territory governments. 
27
  Section 51 of the Australian Constitution specifies the law 

making powers of Australia's federal government, and so far as aircraft noise is concerned, 

and aviation generally for that matter, the stand out feature of the Constitution is the fact 

that it was enacted prior to the aviation age, and well before the age of jets in which the 

issue of aircraft noise has assumed such great significance. 
28
  The Wright brothers 

achieved their famous first powered flight at Kitty Hawk in 1903, two years after the 

Australian federation was formed through the 1901 Australian Constitution Act. 
2
  And jet 

aircraft only entered large scale operation in the early 1960s.  So the Constitution provides 

little direct guidance as to the assignment of powers to our federal government over 

aviation matters generally and aircraft noise in particular.  

 

Fortunately, however, the Constitution does assign power to the federal government over 

matters relating to international and interstate trade and commerce (by virtue of Section 

51(i) ), taxation (Section 51(ii) ), trading corporations (Section 51(xx) ), external affairs 

(Section 51(xxix) ), Commonwealth places (Section 52(i) ), and Commonwealth territories 

(Section 122), and since essentially all international and interstate aviation falls within one 

or more of these responsibilities, it is largely under these headings of federal government 

power that Australia's aviation laws have originated. 
29
       

 

The one area in which the federal government does not have power over aviation is the area 

of purely intra-state operations by non-corporations.  State government laws apply to such 

operations but will not be discussed further here. 
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2.5.2 The 1920 Air Navigation Act and the Chicago Convention Ratification 

 

The Air Navigation Act of 1920 formally assigned to the Australian federal government 

power over matters relating to air navigation, including the power to establish regulations 

associated with air navigation, and a subsequent amendment of this Act, in 1947, gave 

formal legal effect to Australia's adherence to the resolutions of the Chicago Convention. 
21
         

 

The Chicago Convention resolutions were made binding on Australia only after the 

completion of two main steps.  Firstly, the Convention was signed by the 'Executive' of the 

Australian government, which essentially means the Prime Minister or a Minister of the 

federal government as the Prime Minister's representative.  Secondly, the Australian 

Parliament, through its 1947 amendment of the 1920 Air Navigation Act, ratified the 

Chicago Convention, hence binding Australia to its resolutions.  In other words, both the 

House of Representatives and the Senate voted in favour of accepting the Chicago 

Convention into Australian law.  The Australian government has the power to bind 

Australia to international conventions, treaties, and so on, by virtue of  the external affairs 

powers it possess as set out in Section 51(xxix) of the Constitution. 

 

The latest reprint of the 1920 Air Navigation Act, dated 31 October 1994, is largely a 

statement of Australia's ratification of the Chicago Convention.  Schedule 1 to this latest 31 

October reprint of the 1920 Act is a complete (22 page) transcript of the text of the original 

Chicago Convention.  Section 3A(1) of the 1920 Act (as it appears in the 31 October 1994 

reprint) states simply that "[t]he ratification on behalf of Australia of the Chicago 

Convention is approved".  Section 3(1) also recognises the International Civil Aviation 

Organization as "the organization, so named, formed under article 43 of the Chicago 

Convention". 

 

The 1920 Air Navigation Act provides a framework for the regulation of the non-safety 

aspects of the aviation industry, including the environmental effects of aircraft operations, 
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and hence aircraft noise.  Under the authority of the 1920 Act, many subsequent laws and 

regulations on air navigation have been established, including those associated with aircraft 

noise which are described under the following sub-headings: 

 

2.5.3 Air Navigation (Aircraft Noise) Regulations 

 

The Air Navigation (Aircraft Noise) Regulations first came into effect in 1984 and were 

last amended in 1994. 
29
  These regulations contain detailed instructions for the 

certification of all aircraft operating in Australia in compliance with the ICAO Annex 16 

noise requirements.  And on 1 April 1995, an amendment to these Regulations gave effect 

to the ICAO resolution to phase out all Chapter 2 aircraft by the year 2002.  The Boeing 

727 and Fokker F28 were the principal Chapter 2 models targeted by these regulations.   

 

The Senate Select Committee on Aircraft Noise reports that: 
5
   

 

In March 1995, Ansett Australia, the only operator of regular public transport 

Chapter 2 aircraft in Australia, announced significant reductions to the movements 

of such aircraft through Sydney.  Weekly B727 movements were to be reduced from 

124 in March 1995 to 74 in May 1995, and weekly F28 movements were to be 

reduced from 86 in March 1995 to 8 by December 1995.    

 

The above response by Ansett pays testimony to the efforts of Australian legislators in 

introducing ICAO resolutions into Australian law. 

 

2.5.4 Air Navigation (Aerodrome Curfew) Regulations 

 

The Air Navigation (Aerodrome Curfew) Regulations were first issued under the authority 

of the 1920 Air Navigation Act in 1989, and were last amended in 1995. 
31
  These 

regulations impose a curfew at Sydney (Kingsford Smith) airport, outlawing arrivals and 
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departures into Sydney before 6.00 am and after 11.00 pm.  Sections 6 and 6A of these 

regulations state that propeller driven aircraft and jet-propelled aircraft of 34,000 kilogram 

takeoff mass or less may generally be exempt from the curfew so long as they comply with 

the applicable ICAO noise emission requirements as set out in Volume I of Annex 16 to 

the Chicago Convention. 

 

2.5.5 Aircraft Noise Levy Acts and  Regulations 

 

The combined effect of the 1995 Aircraft Noise Levy Act, the 1995 Aircraft Noise Levy 

Collection Act, and the 1995 Aircraft Noise Levy Regulations, is to impose a levy on 

aircraft landings calculated using the formula: 
32,33,34

   

   

  Amount of levy on landing  = levy unit  x  2
(assessed noise - 265)/15

 

 

where  

"assessed noise" means the number equal to the Effective Perceived Noise 

Level (EPNL) of the aircraft concerned, in Effective Perceived Noise 

Decibels, determined in accordance with the regulations. 
35
   

and 

"levy unit" is defined in Section 6(1) of the Levy Regulations as $155 for a 

landing made in the financial year ending 30 June 1996, and thereafter 

increased at the rate of 10% each year or CPI [consumer price index], 

whichever is the lesser increase. 

 

So on 30 June 1996, an aircraft with an EPNL of 265 EPNdB would have incurred a levy 

of $155 per landing, whereas one with an EPNL of 325 EPNdB would have incurred a levy 

of $2480. 

 

Section 5(2) of the 1995 Aircraft Noise Levy Act states that a Levy is not imposed on a 

landing: 
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(a) if the aircraft making the landing: 

(i) is a state aircraft within the meaning of subsection 3(1) 

 of the Civil Aviation Act 1988; or 

(ii) has an assessed noise (as defined in subsection 6(1) of  

 less than 265; or 

(b) if the landing is made as part of a flight for: 

(i) a purpose that relates to the provision of emergency services 

 and that is prescribed by the regulations; or 

(ii) a charitable purpose prescribed by the regulations. 

 

The 1995 Aircraft Noise Levy Collections Act is imposed by the 1995 Aircraft Noise Levy 

Act.  Section 4 of the Collections Act identifies an airport as leviable if at the time there is: 

 

(i) a public building within a 25-unit contour shown on an Australian 

Noise Exposure Forecast previously prepared for the area around the 

airport for a date after that time; or 

(ii) a residence within a 30-unit contour shown on an Australian Noise 

Exposure Forecast previously prepared for the area around the airport 

for a date after that time; and 

 

The Levy Regulations outline how the noise measurement systems outlined in Chapters 2, 

3 and 4 of the ICAO Volume I of Annex 16 are to be used for the purposes of noise 

assessment.  The levy yielded an immediate response to the desired effect in the form of 

Ansett's decision to phase out Boeing 727 services through Sydney Airport by the end of 

1995. 
5
   

 

2.5.6 Australian Standard AS 2021-1994 

 

Australian Standard AS 2021-1994 is titled "Acoustics-Aircraft noise intrusion-Building 

siting and construction".  This standard provides a comprehensive description of the 

Australian Noise Exposure Forecast (ANEF) system and its use in determining the 
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suitability of land surrounding airports for various purposes.  The ANEF system is 

described in detail in Section 4.3. 

 

This Standard provides a comprehensive set of the noise levels experienced during both 

takeoffs and landings, at various proximities to an airport runway, for all common 

commercial aircraft.  The standard also provides details of the effectiveness of various 

noise reduction measures.  The Standard is a valuable reference and is generally very easy 

to interpret, however the validity of the standards themselves are the source of controversy, 

as is pursued in Section 4.3. 

 

2.5.7 Government Departments and Statutory Authorities 

 

2.5.7.1  Department of Transport 

 

The federal Department of Transport is responsible for enacting legislation and regulations 

on transport and aviation generally, and hence aircraft noise in particular.  In practice, the 

Department delegates to Airservices Australia the powers of enforcement of such laws and 

regulations.   

 

2.5.7.2  Department of the Environment 

 

When new airports or modifications to existing airports are proposed, the federal 

Department of the Environment is required to produce Environmental Impact Statements, 

in accordance with the 1974 Environment Protection (Impact of Proposals) Act, as detailed 

in Section 1.3.5. 
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2.5.7.3  Airservices Australia 

 

In 1988 the Civil Aviation Authority (CAA) was established by the Civil Aviation 

Authority Act to administer and regulate all aspects of civil aviation in Australia.  Section 9 

of the Civil Aviation Act provided that the CAA was responsible for regulating 

environmental aspects of civil aviation generally and aircraft noise in particular, which 

included the enforcement of the 1920 Air Navigation Act and associated aircraft noise 

regulations. 
36
   

 

In 1995, in response to concerns that the CAA's broad charter of responsibilities impaired 

its focus on vital safety aspects, legislation was passed which divided the Civil Aviation 

Authority into two entities: Airservices Australia and the Civil Aviation Safety Authority.  

Airservices Australia has assumed the original CAA responsibilities over aircraft noise 

regulation. 
37
   

 

In January 1991, following the federal government's response to the 1985 HORSCAN 

Report, the legislation defining the responsibilities of the CAA and the Federal Airports 

Corporation (FAC) were amended to give each organization explicit environmental 

responsibilities. 
5
  The CAA was made responsible for carrying out tasks relating to noise 

monitoring, the preparation of ANEF noise contours and the control of emissions from 

aircraft, in pursuance of its powers under the 1920 Air Navigation Act and accompanying 

aircraft noise regulations.   

 

2.5.7.4  Federal Airports Corporation 

 

The Federal Airports Corporation (FAC) was established by the 1986 Federal Airports 

Corporation Act.  The FAC now operates 23 of Australia's major airports, including all 

capital city airports. 
47
  In response to the 1985 HORSCAN Report, amending legislation 

was passed to give the FAC responsibilities for: 
14,38
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� community consultation through convening various airport and noise-related 

consultative committees, and handling noise complaints; and 

 

� ensuring that, as far as is practicable, the level of noise at airports is not such as to 

be detrimental to the environment and communities near airports. 

 

2.5.7.5  Department of Defence 

 

The Department of Defence is responsible for operating six major military airports and for 

producing Australian Noise Exposure Forecasts for areas surrounding such airfields. 
39
  

Section 5.2 deals specifically with the activities of the Department of Defence in relation to 

airport noise. 

 

 

2.6 Summary 

 

Figure 2.1 provides a schematic summary of the regulatory framework associated with 

aircraft noise.   

 

The 1944 Chicago Convention on International Civil Aviation established the International 

Civil Aviation Organization (ICAO) and the general rules under which international air 

navigation is operated. 

 

To Australia and the other 182 countries which are party to the Chicago Convention, 

Volume I of Annex 16 to the Chicago Convention is the primary and only source of 

authority on aircraft noise, and most of the 183 parties to the Convention simply follow 

Volume I to the letter.  The United States and some European nations, however, have 

issued their own comprehensive - and almost identical - regulations on aircraft noise which 

operate in parallel with the Volume I  ICAO provisions. 
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Figure 2.1     Regulatory Framework

International Convention on Civil Aviation (Chicago, 1944)

183 nation members

Volume I of Annex 16 is on aircraft noise

United States FAA: 

FAR Part 36

European JAA:

JAR-36

US Laws & 

Regulations

National Laws 

& Regulations

Australia

International Civil Aviation Organization

Australian Laws 

& Regulations

AS 2021

- 1994



-  38  - 

In Australia, the ICAO requirements have been made Australian Law through the 1920 Air 

Navigation Act and laws and regulations established under the authority of the 1920 Act.  

The Australian regulatory framework also involves the Australian Standard AS2021-1994, 

the Departments of Transport, the Environment and Defence, Airservices Australia, and the 

Federal Airports Corporation. 
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3.  THE CERTIFICATION PROCESS 

 

 

For an aircraft to be issued with a certificate of airworthiness based on noise levels, it must 

be tested in accordance with the applicable provisions of Volume I of Annex 16 to the 

Chicago Convention, or equivalent provisions such as those established by the United 

States FAA and the European JAA.  A certificate will be issued for the aircraft only if the 

noise levels measured are below limits set out in the ICAO or equivalent standards. 

 

A description of the certification procedures for all classes of aircraft dealt with in Volume I 

of Annex 16 would involve unnecessary duplication.  For illustrative purposes the 

procedures associated with just Chapter 3 subsonic jet aircraft shall be described.  Chapter 3 

jets constitute the vast majority of modern commercial airliners.  Since, by coincidence, this 

thesis Chapter is also numbered 3, "Chapter 3" and "Appendix 2" shall refer to those of 

Volume I of Annex 16 unless specifically stated otherwise. 

 

Section 3.1 provides a brief overview of the contents of Volume I of Annex 16.  Section 3.2 

then details the actual noise measurement procedures used in certification testing.  Section 

3.3 describes the procedures used to convert raw noise data into the effective perceived 

noise level (EPNL) decibel scale used for certification purposes.  Section 3.4 then describes 

the noise limit criteria against which aircraft are assessed for certification purposes.  Section 

3.5 briefly describes the aircraft noise airworthiness certificate itself. 

 

 

3.1 Overview of Volume I of Annex 16  

 

The latest 130 page third edition of Volume I of Annex 16 is dated 11 November 1993.  

The full title of Annex 16 is "International Standards And Recommended Practices - 

Environmental Protection", and Volume I of this Annex 16 is simply titled "Aircraft Noise". 
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Part II and the Appendices of Volume I are most relevant for certification purposes.  Part II, 

titled "Aircraft Noise Certification", comprises Chapter 1, titled "Administration", and 

Chapters 2-11, each of which deals with a particular class of aircraft.  The Appendices 

make up approximately two-thirds of Volume I and the bulk of technical descriptions of 

engineering interest.  Whereas the Part II Chapters detail certification procedures and noise 

limits applicable, for each category of aircraft, the Appendices provide comprehensive 

details of noise measurement and analysis techniques to be followed in order to satisfy the 

requirements set out in the corresponding chapters of Part II.  The link between Chapters 2-

11 of Part II and the Appendices is shown in Table 2.1 in Section 2.4.1 of this thesis. 

 

 

3.2 Noise Measurement Procedures 

 

3.2.1 Reference Noise Measurement Points 

 

Section 3.3.1 of Chapter 3 provides that certification testing of Chapter 3 aircraft involves 

three separate noise measurements, made at the following points: 

 

a) lateral reference noise measurement point: the point on a line parallel to and 

450 m from the runway centre line, where the noise level is a maximum 

during takeoff; 

 

b) flyover reference noise measurement point: the point on the extended centre 

line of the runway and at a distance of 6.5 km from the start of roll; 

 

c) approach reference noise measurement point: the point on the ground, on 

the extended centre line of the runway 2 000 m from the threshold.  On level 

ground this corresponds to a position 120 m (395 ft) vertically below the 3o 

descent path originating from a point 300 m beyond the threshold. 

 

Figure 3.1 illustrates these measurement points as seen from above, whilst Figure 3.2 

provides a more detailed illustration of the geometry of the approach noise measurement. 
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Figure 3.1     Measurement Points for Chapter 3 Certification Test
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Figure 3.2     Approach Noise Measurement Geometry
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3.2.2  Duration Over Which Measurements Are Taken 

 

Annex 16 does not specify the time span over which noise measurements are to be taken 

during the testing of a Chapter 3 aircraft, although Section 3.4.4 of Appendix 2 implies that 

measurements should be taken over at least 5 second intervals.  Furthermore, Section 3.7 of 

Chapter 3 states that noise measurements are to be conducted so as to yield noise measured 

in effective perceived noise decibels (EPNdB), which means that maximum noise levels 

must be measured at each of the three measurement points (as described in Section 3.3 of 

this thesis).  Generally, such maximum noise levels are observed when the aircraft makes 

its closest linear approach to the noise measurement points illustrated in Figures 3.1 and 

3.2.  So in the case of the approach noise measurement, measurements should start before 

the aircraft is directly overhead, and finish after the aircraft has passed directly overhead, as 

schematically illustrated in Figure 3.2.   

 

3.2.3 Atmospheric Conditions 

 

Section 3.6 of Chapter 3 defines the following atmospheric conditions as the "reference 

atmospheric conditions": 

 

a) sea level atmospheric pressure of 101.325 kPa; 

b) ambient temperature of 25oC 

c) relative humidity of 70 per cent; and 

d) zero wind. 

 

Since noise attenuation depends upon the thermodynamic quantities listed above, it is 

necessary to record, at the time of testing, measurements of these quantities, including 

maximum, minimum and average wind velocities. 
10,19

  These measurements must be 

reported to the certificating authority (for example the FAA in the United States, and 

Airservices Australia in Australia) as part of the certification process.  Departures from the 
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reference conditions listed above require noise data adjustments, as prescribed in Sections 

7 and 9 of Appendix 2. 

 

3.2.4 Takeoff and Approach Reference Procedures 

 

The noise level of an aircraft depends not only on ambient atmospheric conditions, but also 

upon the amount of thrust it exerts and its general pattern of acceleration.  Standardised 

reference takeoff and approach conditions have been established in order to provide valid 

benchmarks for certification testing purposes.  Section 3.6 of Chapter 3 details the takeoff 

and approach reference procedures to be followed in noise tests in terms of  thrust patterns, 

velocities, gradients of climb and ascent respectively, and the aircraft mass.  The prescribed 

takeoff and approach patterns are essentially just standard, steady takeoff and landing 

routines.  Since heavier aircraft are noisier (all else being equal) due to their greater thrust 

demands, the reference conditions prescribe that the aircraft mass is to be the maximum 

value for which certification is required.   

 

Section 5 of Appendix 2 requires that takeoff and approach performance, in terms of mass, 

thrust, velocity and gradients, is to be recorded and reported to the certificating authority, 

along with the atmospheric conditions listed in Section 3.2.3 above, and other data 

associated with the test.  Section 9 of Appendix 2 comprehensively describes how noise 

data is adjusted for departures from the prescribed reference conditions. 

    

3.2.5 Noise Measurement System 

 

The system of noise measurement used for certification testing of Chapter 3 aircraft is 

detailed in Section 3 of Appendix 2.  Whilst Annex 16 provides comprehensive details of 

the precision and accuracy requirements of the measurement instruments used in 

certification testing, such details will be omitted in the following descriptions.  Figure 3.3 

provides an overview of this noise measurement system.  It is seen that the system  
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Figure 3.3     Noise Measurement System
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comprises the following components which shall be described in turn: 

  

a) a microphone system  

 

b) a recording and reproducing system to store the measured noise data for 

subsequent analysis  

 

c) an analysis system to provide the output for calculation of EPNL  

 

d) calibration systems to ensure the continuous accuracy of the above systems  

 

3.2.5.1  Microphone System 

 

According to Section 3.2 of Appendix 2, the microphone system shall consist of a pressure-

sensitive type microphone, mounted 1.2 m above the local ground surface, a preamplifier 

and a windscreen. 

 

3.2.5.2  Recording and Reproducing System 

 

Section 3.3 of Appendix 2 provides that a recording and reproducing system (such as a 

magnetic tape recorder) is to be used to store data for subsequent analysis.  

 

3.2.5.3  Analysis System 

 

Section 3.4 of Appendix 2 describes how the analysis system converts the raw noise 

received in the microphones and subsequently recorded, to sound pressure levels in one-

third octave bands, through: 

 

� a set of 24 one-third octave filters, having geometric centre frequencies 50 

Hz to 10 000 Hz; and  

 

� an analyser with appropriate response and averaging properties, in which the 

output from any one-third octave band is squared, averaged, converted to 

logarithmic form and digitized. 
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Furthermore, the analysis system samples the noise at 0.5 second time intervals.  So the 

analysis system is essentially an analogue to digital conversion system, involving both 

frequency and time domain discretizations. 

 

3.2.5.4  Calibration System 

 

The calibration system, as described in Section 3.5 of Appendix 2, is used to maintain 

accuracy and consistency of the microphone, recording and reproducing, and analysis 

systems throughout testing. 

 

3.2.6 Outputs from Noise Measurement System 

 

As described in Section 3.2.5.3 above and illustrated in Figure 3.3, the output of the noise 

measurement system is a two-dimensional data array giving the sound pressure levels of 

each of  24 one-third octave bands at each of the 0.5 second sampled time intervals over 

the duration of the measurement.  The term SPL(i,k) denotes the sound pressure level of 

the i
th
 one-third octave band at the k

th
 0.5 second time increment, where i = 1, 2, .... 24 (for 

the 24 one-third octave bands whose centre frequencies range from 50 Hz to 10 000 Hz) 

and k = 0,1, 2, ....kd, where  td = 0.5kd  is the duration over which noise measurements are 

taken, rounded off to the nearest 0.5 second. 

 

 

3.3 Conversion to Effective Perceived Noise Level (EPNL) 

 

Effective perceived noise level (EPNL) is measured in units of effective perceived noise 

decibels (EPNdB).  This unit of noise evaluation has been designed to provide a single 

number evaluator of the subjective effects of aircraft noise on human beings.  Studies such 

as those discussed in Section 1.3.1 of this thesis have shown that humans find sounds in 



-  48  - 

certain frequency bands more annoying than others.  The EPNL measure assigns higher 

weightings to frequency bands which humans find more annoying. 
2
      

 

Figure 3.4 summarises the conversion system employed to calculate EPNL in units of 

effective perceived noise decibels (EPNdB).  This conversion process is described in detail 

in Section 4 of Appendix 2.  It is seen that EPNL is arrived at as the result of a five step 

conversion process.  Each of these five conversion steps are described in turn, along with 

an outline of the statistical validity requirements of EPNL values.  

 

3.3.1 Conversion of Sound Pressure Levels to Perceived Noisiness 

 

The sampled one-third octave band sound pressure levels  SPL(i,k)  are converted to 

perceived noisiness  n(i,k)  using arithmetic techniques (suitable for computer calculation) 

or tables.  Section 4.7 of Appendix 2 provides an arithmetic approach to this conversion, as 

does Section B36.23 of Appendix B of FAR Part 36.  The Table used to convert from  

SPL(i,k)  to  n(i,k)  appears in both Appendix B of Part 36 and the ICAO document (Doc 

9501) titled "Environmental Technical Manual on the use of Procedures in the Noise 

Certification of Aircraft". 
11,40

  Perceived noisiness values are measured in units known as 

'noys'.  

 

3.3.2 Conversion of Perceived Noisiness to Total Perceived Noisiness 

 

Perceived noisiness values  n(i,k)  are converted to total perceived noisiness values  N(k), 

using the following formula, which weights the maximum  n(i,k)  value more heavily than 

the other  n(i,k)  values:   

 

                       24                                            24 

  N(k) = 0.85 max[ n(i,k) ] + 0.15 Σ n(i,k)  ..[3.1] 
                       i = 1                                        i = 1  
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Figure 3.4     Conversion to EPNL 
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3.3.3 Conversion of Total Perceived Noisiness to Perceived Noise Levels 

 

Perceived noise levels  PNL(k), in perceived noise decibel units (PNdB), are calculated 

using the formula:     

 

  PNL(k) = 40.0 + 33.2 log10 N(k)  ..[3.2] 

 

3.3.4 Conversion of Perceived Noise Levels to Maximum Tone Corrected Perceived 

Noise Level 

 

A tone correction factor  C(k)  is employed to derive tone corrected perceived noise levels 

PNLT(k)  using the formula:   

 

  PNLT(k) = PNL(k) + C(k)  ..[3.3] 

                     

Section 4.1 of Appendix 2 states that the tone correction factor is calculated "to account for 

the subjective response to the presence of spectral irregularities".  Section 4.3 of Appendix 

2 and Section B36.5 of Appendix B of FAR Part 36 both detail the 10 step algorithm used 

to determine  C(k)  values.  The algorithm is complex and demands computer assistance.  

An example of tone correction for a turbofan engine is provided in Table 4-2 of Appendix 

4 of the ICAO Environmental Technical Manual on the use of Procedures in the Noise 

Certification of Aircraft. 

 

The maximum tone corrected perceived noise level  PNLTM  is given as the maximum of 

the  PNLT(k)  values, by the formula: 

 

 

  PNLTM = max PNLT(k)  ..[3.4] 
                      k 
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3.3.5 Conversion of Maximum Tone Corrected Perceived Noise Level to Effective 

Perceived Noise Level 

 

Effective perceived noise level (EPNL) is related to the maximum tone corrected perceived 

noise level (PNLTM) according to the formula:    

 

  EPNL = PNLTM + D   ..[3.5] 

 

The term D in  [3.5]  is a duration correction factor computed by integrating tone corrected 

perceived noise level with respect to time.  Because of the discrete time increments used in 

the analysis, this integration reduces to the following summation:    

 

  D = 10 log10 [ S/T ] - PNLTM  ..[3.6] 

where   
        d/∆t 

  S = Σ (∆t.antilog[ PNLT(k)/10 ] ..[3.7]  
        k = 0 

 

  T is a normalizing constant, 

  ∆t  is the time interval for which PNLT(k) is calculated, and 

  

d  is the time interval to the nearest 1.0 second during which  PNLT(k)  

remains greater than or equal to  PNLTM - 10. 

 

If the noise measurement test conditions depart from the reference conditions mentioned in 

Sections 3.2.3 and 3.2.4 of this thesis, then the data adjustment procedures detailed in 

Section 9 of Appendix 2 are to be employed in determining final EPNL values.   
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3.3.6 Valid EPNL Values 

 

The preceding sections outline the procedures used to determine individual EPNL values.  

For certification purposes, however, the EPNL values for each of the three measurement 

points must be shown to be statistically valid.  Section 5 of Appendix 2 prescribes that the 

EPNL values used for certification assessment are to be mean values of a sample of at least 

six test results.  Furthermore, the 90 per cent confidence limit of this sample must not 

exceed +1.5 EPNdB.     

 

 

3.4 Noise Limits for Certification Purposes  

 

The measurement and analysis procedures detailed in the preceding Sections 3.2 and 3.3 

provide EPNL values for each of the three measurement points defined in Section 3.2.1.  

For an aircraft to be certificated with respect to noise, it is necessary that these EPNL 

values are less than limits prescribed in Annex 16 or equivalent requirements.  For the case 

of Chapter 3 subsonic jet aircraft, Attachment A to Volume I of Annex 16, provides the 

following noise limit formulae, where M is the maximum takeoff mass of the aircraft in kg: 

 

3.4.1 Noise Limit Formulae 

 

For noise measured at the approach noise measurement point, the allowable approach noise 

level is given by: 

 

  {   98.00   for M < 35 000  } 

EPNLapp   <  {  62.78 + 7.75 log10 M for 35 000 < M < 280 000 } ..[3.8] 

  { 105.00   for M > 280 000  } 

     

For noise measured at the lateral noise measurement point, the allowable lateral noise level 

is given by: 
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  {   94.00   for M < 35 000  } 

EPNLlat   <  {  55.32 + 8.51 log10 M for 35 000 < M < 400 000 } ..[3.9] 

  { 103.00   for M > 400 000  } 

For noise measured at the flyover noise measurement point, the allowable flyover noise 

level depends on the number of engines the aircraft has.  For an aircraft with four engines 

the limit is given by: 

 

  {   89.00   for M < 20 200  } 

EPNLfly   <  {  31.78 + 13.29 log10 M for 20 200 < M < 385 000 } ..[3.10] 

  { 106.00   for M > 385 000  } 

 

Figure 3.5 provides a graphical representation of equation  [3.8]  for Chapter 3 aircraft.  For 

comparative purposes, the corresponding requirement for Chapter 2 aircraft is also shown.  

It is seen that the Chapter 3 aircraft requirements are between 3 and 4 EPNdB more 

stringent than the Chapter 2 aircraft requirements. 

 

3.4.2 Tradeoffs 

 

If an aircraft's measured noise is within the set limits for each of the three measurement 

points, it qualifies automatically for certification.  On the other hand, if the noise level at 

any one of the three points exceeds the respective limit by more than 2 EPNdB, then it is 

automatically disqualified from certification.  However, Chapter 3 provides that for cases 

where the maximum noise levels are exceeded by 2 EPNdB or less at one or two of the 

measurement points, the aircraft can be granted a certificate if:    

 

a) the sum of excesses is less than or equal to 3 EPNdB; and 

 

b) any excesses are offset by corresponding reductions at the other point or 

points. 
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Figure 3.5     Approach Noise Limits for Chapter 3 and 

Chapter 2 Aircraft 
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3.5 Aircraft Noise Airworthiness Certificate 

 

If an aircraft satisfies the requirements as set out in the preceding sections, then it will be 

issued a certificate of airworthiness on grounds of satisfactory noise emissions.  It is only 

necessary for a certificate to be issued to one of a class or model of aircraft, and 

certification testing is usually done in consultation between manufacturer and the 

certificating authority.  

 

3.5.1 The Certificate Itself 

 

Chapter 1 of Annex 16 states that documents attesting noise certification must be carried in 

aircraft at all times, and must provide at least the following information: 

 

a) State of Registry; nationality and registration marks; 

 

b) manufacturer's serial number; 

 

c) manufacturer's type and model designation; engine type/model; propeller 

type/model (if applicable); 

 

d) statement of any additional modifications incorporated for the purpose of 

compliance with the applicable noise certification Standards; 

 

e) the maximum mass at which compliance with the applicable noise 

certification Standards has been demonstrated; 

 

f) for aeroplanes for which application for certification of the prototype is 

submitted on or after 6 October 1977, and for helicopters for which 

application for certification of the prototype is submitted on or after 1 

January 1985: 

 

the average noise level(s) at the reference point(s) for which 

compliance with the applicable Standard has been demonstrated to 

the satisfaction of the certificating authority; 
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g) the chapter of Annex 16, Volume I, according to which the aircraft was 

certificated. 

 

The above requirements are also set out in the Australian Air Navigation (Aircraft Noise) 

Regulations that were described in Section 2.5.3 of this thesis. 

 

3.5.2 Status of the Certificate 

 

The noise certificate for an aircraft remains valid unless the aircraft is modified so as to no 

longer comply with the ICAO or equivalent requirements.  According to Chapter 1 of 

Annex 16:       

 

A Contracting State shall suspend or revoke the noise certification of an aircraft on 

its Register if the aircraft ceases to comply with the applicable noise Standards.  

The State of Registry shall not remove the suspension of a noise certification or 

grant a new noise certification unless the aircraft is found, on reassessment, to 

comply with the applicable noise Standards. 

 

Conversely, Chapter 1 provides that:  

 

Contracting States shall recognize as valid a noise certification granted by another 

Contracting State provided that the requirements under which such certification was 

granted are at least equal to the applicable Standards specified in this Annex. 

 

 

3.6 Summary 

 

Aircraft noise certification involves the measurement of aircraft noise according to 

procedures set out in Volume I of Annex 16 or equivalent requirements.  The raw 
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measured noise is, through a series of steps, converted to a corresponding effective 

perceived noise level (EPNL) in EPNdB units.  EPNL values used for assessment against 

certification criteria must be mean values of at least six trial values, and must have 90 

percent confidence limits not exceeding  +1.5 EPNdB.  

 

After reporting the results of a noise test to the certificating authority, a certificate of 

airworthiness is issued for that class of aircraft if criteria are met.  Such a certificate is 

recognised by all ICAO member nations unless an aircraft is modified so as to no longer 

comply with ICAO or equivalent requirements. 
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4.  AIRPORT NOISE 

 

 

The primary objective of the aircraft noise certification procedures detailed in the previous 

chapter is to reduce noise pollution levels in the vicinity of airports.  So a discussion on 

aircraft noise certification would only be complete if noise at the airport level was 

addressed. 

 

A single aircraft, following a particular approach or takeoff path, at a particular time, will 

make a single contribution to the noise pollution surrounding an airport.  A measure of the 

overall total level of noise pollution surrounding an airport will therefore be an 

appropriately formed summation of all such aircraft movements over a given period of 

time.  The following sections detail several of the measures that have been developed in the 

United States and Australia to provide an overall measure of the noise levels surrounding 

airports.  Controversy over the validity of these measures is also discussed. 

 

 

4.1 Airport Noise Measures Developed in the United States 

 

4.1.1 Noise Exposure Forecast (NEF) 

 

In the late 1960s, the United States Federal Aviation Administration developed the Noise 

Exposure Forecast (NEF) as a measure of overall noise exposure surrounding an airport. 
3
  

The NEF system emerged as a refinement of an earlier Composite Noise Rating (CNR) 

system which was developed in 1952. 
19
  According to the NEF methodology, the total 

noise exposure consists of noise produced by different classes of aircraft flying at different 

times and along different flight paths. 
3
  And the component of noise exposure contributed 

by aircraft of type i, utilizing flight path j, is given by the equation: 
2
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  NEFij = EPNdBij + 10 log (Ndij + 16.7Nnij) - 88  ..[4.1] 

 

where: EPNdBij = the effective perceived noise level (EPNL) of aircraft 

type i, utilizing flight path j, in units of effective perceived 

noise decibels (EPNdB); 

 

  Ndij = the number of daytime operations for aircraft type i and flight path j; 

 

  Nnij = the number of night time operations for aircraft type i and flight path j. 

 

Equation  [4.1]  shows that if there is one aircraft flight in daytime hours only, then the 

partial NEF value (NEFij) is directly proportional to the noise level of the aircraft.  It is 

also clear that the NEFij  increases with the logarithm of the number of operations.   

   

The total NEF at a given location arises as the sum of all the individual NEFij values over 

all aircraft types i and all flight paths j, as given by the following equation: 
3
    

 

  NEF = 10 log Σi Σj antilog (NEFij/10)  ..[4.2] 

 

A number of variants to the NEF system have been developed in the United States, 

including the Community Noise Equivalent Level (CNEL) and the Day-Night Average 

Level (Ldn) systems which are described in the following sections. 

 

4.1.2 Community Noise Equivalent Level (CNEL) 

 

In 1970, the Community Noise Equivalent Level (CNEL) was developed in the state of 

California to enforce noise standards enacted by the Californian state government. 
41
  The 

value CNELij, again denoting the noise contribution of aircraft of type i following flight 

path j, is calculated using the equation: 
2
     

 

  CNELij = NELij + 10 log (Ndij + 3 Neij + 10Nnij) - 49.4  ..[4.3] 
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where: NELij = single flyover noise level of aircraft i on flight path j 

corrected for the duration of sound, in A-scale decibel (dBA) 

units; 

 

  Ndij = total number of operations during the period 0700 to 1900; 

 

  Neij = total number of operations during the period 1900 to 2200; 

 

  Nnij = total number of operations during the period 2200 to 0700. 

 

As for the NEF, the total CNEL is found by summing over all aircraft types and all flight 

paths, using the equation: 
2
   

 

  CNEL = 10 log Σi Σj antilog (CNELij/10)  ..[4.4] 

 

Koronjeff notes that units of CNEL and NEF are approximately related by: 
2
     

 

  CNEL ≅ NEF + 35  ..[4.5] 

 

Note above also that the dBA scale is used in the CNEL system whereas noise units of 

EPNdB are used in the NEF system.  According to Ashford and Wright, EPNdB and dBA 

units are approximately related by the result: 
3
     

 

  EPNdB ≅ dBA + 12  ..[4.6] 

 

4.1.3 Day-Night Average Level (Ldn) 

 

In the early 1970s, the Day-Night Average Level (Ldn) was developed by the U.S. 

Environment Protection Agency. 
42
  This system is almost identical to the CNEL system. 

The noise component Ldnij contributed by aircraft type i following flight path j is given 

by: 
2
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  Ldnij = NELij + 10 log (Ndij + 10Nnij) - 49.4  ..[4.7] 

 

where: NELij = single flyover noise level of aircraft i on flight path j corrected for 

the duration of sound, in dBA units (same as for CNEL); 

 

Ndij = total number of operations by aircraft of type i following flight path j 

during the period 0701 to 2200; 

 

Nnij = total number of operations by aircraft of type i following flight path j 

during the period 2201 to 0700. 

 

The total Ldn is hence given by the now familiar summation expression: 
2
   

 

  Ldn = 10 log Σi Σj antilog (Ldnij/10)  ..[4.8] 

 

The Ldn system has overtaken the NEF and CNEL systems as the preferred system in the 

United States, and current United States residential land use planning criteria are based on 

the Ldn system. 
18
       

 

 

4.2 Australian Noise Exposure Forecast (ANEF) 

 

4.2.1 Origins of the Australian Noise Exposure Forecast 

 

In 1979, two research scientists from the National Acoustics Laboratory, Dr Andrew Hede 

(a psychologist) and Dr Robert Bullen (a physicist), began a detailed study, sponsored 

jointly by the Departments of Transport, Defence and Health, to assess the effects of 

aircraft noise on residential areas in Australia. 
9
  This study involved questionnaire 

completions and personal interviews with 3375 people who lived close to one of the major 

airports in Sydney, Adelaide, Perth and Melbourne, and the RAAF Base Richmond, 

N.S.W.  The aim of the study was to determine the extent of correlation between subjective 
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responses to aircraft noise (such as fear, annoyance and disposition to complain) and 

objective noise exposure measures in terms of the loudness and frequency of aircraft 

flyovers over a given time frame.  This subjective response versus objective noise exposure 

relationship is sometimes referred to as a dose/response relationship.   

 

Prior to 1982, the United States NEF system was used in Australia for purposes of land use 

planning around airports. 
13
  But the results of the NAL study described above suggested 

that the NEF system and its associated formula (see equation [4.1] above) were 

inconsistent with Australian conditions.  Accordingly, the then Department of Aviation 

decided to modify the NEF system so as to more accurately reflect the findings of the NAL 

study.  The Australian Noise Exposure Forecast (ANEF) system hence arose as a variant of 

the American NEF system.  Under the ANEF system, the noise exposure contribution due 

to aircraft of type i on flight path j is given by the equation: 
13
      

 

  ANEFij  =  EPNdBij + 10 log10 (Ndij + 4Nnij) - 88  ..[4.9] 

 

 where: EPNdBij  = noise level of aircraft type i on flight path j; 

 

Ndij = number of flights of aircraft type i on flight path j between 0700 and 

1900; 

 

Nnij = number of flights of aircraft type i on flight path j between 1900 and 

0700. 

 

Comparing the above with the corresponding result [4.1] (and accompanying definitions) 

for the NEF system, shows that the ANEF formula departs from that of the NEF in two 

regards.  Firstly, the term 4Nnij replaces the term 16.7Nnij, which means that the ANEF 

applies a weighting of 6.0 dB to night flights, whereas the NEF applies a 12.2 dB 

weighting to night flights. 
43
  And secondly, the ANEF night time period begins at 1900 (7 

pm) as against 2200 (10 pm) for the NEF. 

 



-  63  - 

The total ANEF value at a given location surrounding an airport is calculated as the 

logarithmic sum of the ANEFij  over all aircraft types i and all flight paths j, according to 

the following equation: 
13
   

           

  ANEF = 10 log
10
 Σi  Σj  antilog10(ANEFij/10)  ..[4.10]   

 

4.2.2 ANEF Contour Maps 

 

With equations  [4.9]  and  [4.10], the ANEF at a particular location can be determined if 

all of the component ANEFij are known, which requires knowledge of the following: 

 

� the EPNdBij values, denoting the effective perceived noise levels (measured in 

EPNdB) experienced at given locations due to an aircraft of type i on flight  

path j;  and 

 

� forecasts of aircraft movements based on: 

  - type of aircraft; 

  - time of operation; 

  - whether a takeoff or landing; 

  - flight path; and 

  - runway used. 

 

The Australian Standard AS2021-1994 contains comprehensive tables (Tables 3.1 through 

3.25) of aircraft noise levels at various proximities to runways, for both takeoffs and 

landings, for all major commercial aircraft, in dBA noise level units which can be 

converted to EPNdB units, to good approximation, using equation  [4.6].  But for all such 

commercial aircraft, EPNdBij values of the kind required for use in equation  [4.9]  are 

available from manufacturers since such measurements are required in aircraft noise 

certification test of the kind described in Chapter 3.  As AS2021-1994 points out:  
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Aircraft noise levels, of most civil aircraft, military aircraft and a representative 

sampling of light aircraft now operating in Australia, are now known with a 

reasonable degree of accuracy.  These data have been collected over the years from 

the noise-monitoring system at Sydney's Kingsford Smith Airport, and from 

measurements of light and military aircraft noise.  Additionally, aircraft 

manufacturers in the USA and Europe provide accurate noise definitions of the 

existing and new aircraft.   

 

Information required for ANEF calculations, such as that described above, is stored in 

computers operated by Airservices Australia as part of its noise and flight path monitoring 

system. 
44,45

     

   

ANEF contour maps are produced by determining ANEF levels at ground locations 

surrounding airports, and then joining points of equal ANEF value.  Airservices Australia 

is assigned the responsibility for producing ANEF maps for civil airfields whilst the 

Department of Defence produces the same for military airfields.      

 

Figure 4.1 shows a copy of an Australian Noise Exposure Forecast contour map for a 

RAAF base.  Note that according to AS2021-1994: 
13
      

 

the actual location of the 20 ANEF contour is difficult to define accurately, because 

of variations in aircraft flight paths, pilot operating techniques, and the effect of 

meteorological conditions on noise propagation.  For that reason, the 20 ANEF 

contour is shown as a broken line on ANEF charts. 
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Figure 4.1     ANEF Contour Map for RAAF Base 
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4.2.3 Use Of The ANEF In Land Use Planning 

 

The following Table 4.1, copied out of AS2021-1994, shows acceptable ANEF limits for 

various land uses: 
13
   

 

Table 4.1     Building Site Acceptability Based on ANEF Zones 

  ANEF zone of site  

Building Type Acceptable Conditional Unacceptable 

House, home unit, flat, 

caravan park, school, 

university, hospital, 

nursing home 

Less than 20 ANEF 20 to 25 ANEF Greater than 25 ANEF 

Public building Less than 20 ANEF 20 to 30 ANEF Greater than 30 ANEF 

Hotel, motel, hostel Less than 25 ANEF 25 to 30 ANEF Greater than 30 ANEF 

Commercial building Less than 25 ANEF 25 to 35 ANEF Greater than 35 ANEF 

Light industrial Less than 30 ANEF 30 to 40 ANEF Greater than 40 ANEF 

Other industrial Acceptable in all ANEF zones 

 

The term 'conditional' in Table 4.1 refers to land usage which can be made acceptable only 

if noise attenuation measures are taken to bring the building within acceptable levels, as 

detailed in AS2021-1994.    

 

The above table shows that residential land usage is only acceptable in areas exposed to 

noise at a level of 20 ANEF or less, and that such land usage is unacceptable in areas at 25 

ANEF or greater.  By way of comparison, according to the United States standards, based 

on the Ldn system, residential land usage is acceptable in areas exposed to noise at a level 

of 65 Ldn or less, and is unacceptable in areas at 75 Ldn or greater. 
18
  The Ldn and ANEF 

scales are approximately related by the result: 
18
     

 

  ANEF ≅ Ldn - 36  ..[4.11] 
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So the United States acceptable and unacceptable residential land usage limits 

approximately correspond to 29 ANEF and 39 ANEF respectively, compared with the 20 

ANEF and 25 ANEF limits prescribed in AS2021-1994.  This comparison shows that the 

building site acceptability limits employed in Australia are considerably more conservative 

and community sensitive than those used in the United States.       

 

 

4.3 Grounds for Revising the ANEF System 

 

Despite its apparent superiority to the United States Ldn system, so far as Australian 

community sensitivity is concerned (based on the 1982 NAL survey), the ANEF system 

was severely criticised in the 1995 Report of the Senate Select Committee on Aircraft 

Noise in Sydney.  This report attacked the ANEF system on two major grounds.  Firstly, 

arguments were raised that even 20 ANEF may be much too high to properly classify as 

'acceptable' for residential and similar land usage.  Secondly, the use of the ANEF system 

was questioned on grounds of being an equal energy index.  These two main criticisms are 

now dealt with in turn, with a view to recommend an improved system. 

  

4.3.1 20 ANEF May Be Too High For Residential Land Use 

 

The Australian Standard AS2021-1994 states that: 
13
     

 

In the areas outside 20 ANEF, noise from sources other than aircraft tends to 

predominate over aircraft noise.  Within the area from 20 ANEF to 25 ANEF, 

aircraft noise exposure starts to emerge as an environmental problem ... 

 

The above statement, in what should be a reliable authority, is remarkable in light of the 

following extract from the NAL report which largely inspired the development of the 

ANEF system: 
9
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In areas with an exposure level of 20 NEF, almost half the residential population 

will be at least moderately affected, and 12% of residents will be seriously affected 

... To describe 20 NEF as an excessive amount of aircraft noise is to offer a 

reasonable interpretation of the scientifically determined dose/response relationship. 

 

Figure 4.2, based on the results of the NAL study, and extracted, ironically, from AS2021-

1994 itself, shows the percentages of the survey respondents found to be moderately and 

seriously affected by noise at ANEF levels ranging from 15 to 40.  Notwithstanding the 

subjective classifiers 'moderately affected' and 'seriously affected', the graph clearly 

illustrates that the adverse effect perceived at the 15 ANEF level is only slightly less than 

that perceived at the 20 ANEF level.  Furthermore, a 15 ANEF contour line will generally 

enclose a much larger land area and residential population than will the corresponding 20 

ANEF line.  The Senate Select Committee on Aircraft Noise in Sydney concluded that, 

based on the NAL report, "almost as many Sydney people were annoyed by aircraft noise 

outside the 20 ANEF contour as within it". 
5
    

 

Dr Hede, an author of the NAL report and an architect of the ANEF system, sternly rejects 

the AS2021-1994 assertion that aircraft noise is only a significant environmental problem 

at the 20 ANEF level and higher: 
46
   

 

community reaction below 15 ANEF cannot be ignored if an accurate picture of 

impact is to be provided to decision-makers and a valid assessment made ... a 

person who lives in an area with a low exposure of 10 ANEF, but who is seriously 

affected by the aircraft noise they hear, suffers a greater impact than a person 

exposed to 40 ANEF who experiences only a moderate reaction.    
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Figure 4.2     Community Reaction Versus ANEF
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Hede goes on to say that planners can classify certain exposure levels as 'acceptable',    

 

but they cannot dictate what reaction people exposed to those levels should have, 

nor should they dismiss the reaction of those who are seriously affected by so-called 

'acceptable' noise levels as exaggerated or hyper-sensitive.    

 

According to Hede, "an appropriate 'cut-off' level for a notable impact in the case of aircraft 

noise would be 20% moderately affected", and environmental impact assessments, and 

ANEF contour maps generally, should include a contour plot within which 20% of people 

are moderately affected, and a similar plot within which 10% are seriously affected.  Figure 

4.3 following, as copied from the 1995 Select Committee report, shows approximate 

contour lines within which 10% and 20% of people are moderately affected. 
5
  Also shown 

is an approximate 20 ANEF line.  Significantly, the 20% moderately affected contour line, 

which approximately corresponds to an 8 ANEF line, encloses approximately 10 times the 

area of the 20 ANEF contour line, and perhaps 5 to 10 times the population.    

 

The 1995 Senate Select Committee was highly and appropriately critical of the fact that the 

Environmental Impact Statement for Sydney's Third Runway followed the implied 

AS2021-1994 assertion that only those residents living within 20 ANEF contour lines 

deserved consideration in assessing the environmental impact of the third runway.  On the 

face of it, the difficulty in achieving accurate contour lines at the 20 ANEF level and lower 

was used by the consultant authors of the Sydney third runway EIS as an excuse for 

ignoring the effects outside such bounds.  The authors of AS2021-1994 perhaps deserve 

similar criticism for their oversights and apathy in this regard.   
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Figure 4.3 Contour Lines Based on Percentages of 

People Moderately Affected by Aircraft Noise 

 

 



-  72  - 

4.3.2 Arguments As To The Validity Of Equal Energy Indices 

 

4.3.2.1  Equal Energy Indices 

 

The ANEF index, like its American precursors (the NEF, CNEL and Ldn indices), is what 

is referred to as an equal energy index, based upon the principle of energy equivalence 

which asserts that people respond to multiple noise events in the same way as they react to 

their loudness, and therefore the number of noise events should be expressed in logarithmic 

form, as loudness is. 
13
  The NAL study by Bullen and Hede concluded that equal energy 

indices "were more highly correlated with community reaction than other types of index, 

including 'peak level' indices". 
9
 

 

4.3.2.2  Peak Level Indices 

   

A peak level index is one which measures the noise exposure at a location merely in terms 

of the single loudest event experienced at that location over a given time frame (generally 

one day).  Peak level indices seem inherently flawed for use in airport noise measurement.  

Such indices would suggest, for example, that the noise effect of 10 aircraft flyovers of 100 

EPNdB would be the same as that of a single 100 EPNdB flyover, which is intuitively 

absurd.   

 

4.3.2.3  Research Findings 

 

The obvious invalidity of peak level indices in airport noise measurement does not 

automatically imply the validity of equal energy indices.  Equal energy and peak indices 

can be viewed as two extreme alternative noise measurement indices, and new indices 

could be postulated in which different weightings are applied to the noise levels and 

frequencies of aircraft noise events. 
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A number of researchers have attempted to derive noise indices in which noise levels and 

frequencies of events are appropriately weighted.  A study by Borsky in 1961 found that 

annoyance due to aircraft noise increased "both with the level exceeded by 10% of aircraft 

and with the number of noise events above a given level". 
47
  According to Rylander et al.: 

48  

 

the number of flyovers is a critical factor for annoyance only up to a certain limited 

range - once the number of flyovers exceeds 35 per day, annoyance remains 

constant with number and is determined by the aircraft noise level, particularly from 

the noisiest aircraft type.    

 

According to the 1995 Senate Select Committee Report: 
5
      

 

in 1984, Fields examined a total of fourteen surveys to determine a relationship 

between the number of events and levels of annoyance.  He concluded "that the 

mean of the existing data suggested a 5 log N adjustment for the number of events: 

a ten-fold change in the number of noise events was therefore equivalent to a 5dB 

change in the average peak noise level". 

 

The 1995 Select Committee also reports that according to Fastl, who has conducted a "very 

limited laboratory study" on the subject,  

 

caution need[s] to be taken with the extent of the trade-off between loudness and 

the number of flyovers, ... the trade-off should not be based on simple energy 

concepts.   

 

Rice conducted a laboratory study in 1977 which sought to investigate the 'trade-off' 

between the number of noise events and their level. 
49
  According to this study "some form 

of correction for the number of noise events was necessary, but that its precise nature could 

not be accurately specified, even using a controlled laboratory setting".  
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According to Galloway, the London (Heathrow) Airport studies of 1961 and 1967 

(introduced in Section 1.3.1) showed that: 
50
   

 

the number of events alone had a higher contribution to the total variance in 

response than did the noise level itself.  This suggests that the very existence of a 

noise event may be more significant than the magnitude of the event.   

 

And according to the Sydney Airport Draft EIS: 
18
      

 

the use of an equal-energy model is still generally supported.  ... the number of 

flyovers is highly correlated with total noise exposure under the circumstances 

prevailing around most airports. 

 

It is clear from these various accounts that the controversy is not yet resolved, but there is a 

majority acceptance of the utility of energy indices at least as indicative measures of noise 

impact, if not definitive measures.  And there is some evidence to suggest that a definitive 

mathematical expression is unobtainable, and that statistical correlation methods provide 

the best approach to the derivation of parameters in noise impact indices of given 

mathematical form. 

 

4.3.3 Final Word On The ANEF 

 

Criticisms of the significance assigned to the 20 ANEF contour and of  the use of equal 

energy indices were expressed vigorously in the 1995 Senate Select Committee Report.  

There seems no doubt that some authorities have been at best apathetic, and at worst, 

misleading and deceptive, in their exaggeration of the significance of the 20 ANEF level, 

but the Senate Committee Report does not provide justified criticism of the use of equal 

energy indices such as the ANEF.  The 1995 Select Committee Report, whilst providing an 

excellent discussion of issues of relevance, seemed to allow valid criticisms of certain 
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aspects of the ANEF system to cloud its assessment of other aspects of the system.  In 

particular, the indisputable fact that the 20 ANEF level has been elevated to an undeserving 

level of significance in no way necessarily discredits the energy equivalence assumption 

underlying the mathematical formulation of the ANEF.  The ANEF system has consistently 

shown itself to better correlate with statistical data than any other measure of airport noise.  

So whilst improvements to the ANEF system would be welcomed, the need to completely 

overhaul the ANEF system does not seem necessary as suggested by the Select Committee.  

As yet, no definitive grounds have been given to either accept or reject equal energy noise 

exposure indices such as the ANEF.  As a guide measure of relative noise exposure level, 

the ANEF system has proven to be the best so far available.   

 

The preceding discussion suggests that the ANEF levels used to define acceptable land 

usages in AS2021-1994 should be reduced to perhaps 10 ANEF for residential usage, with 

commensurate reductions for other forms of land usage (see Table 4.1).  And whilst 

AS2021-1994 states that the location of the 20 ANEF contour is difficult to accurately 

define, predominantly because of flight path variations, accurate data is available on the 

total numbers of arrivals at and departures from airports, of aircraft of all types, over given 

time frames.  And based merely on such arrival and departure numbers, by aircraft type - 

and totally naive of any additional flight path details, at the very least, a circle could be 

drawn to denote the 10 ANEF level.  In other words, the ANEF line that would arise in the 

case of random aircraft flight paths (which equates with complete naivety as to flight path 

patterns), would be a circle of radius determined by arrival and departure numbers and 

aircraft types.  But because at least some flight path information is available, improvements 

could be made on the naive circle.  The existing computer mapping system used to derive 

ANEF contour lines could readily be modified to produced 10 and 15 ANEF contour lines 

reflecting suitably weighted contributions from the naive circle and as much concrete data 

as can be obtained.  Indeed, based on Figure 4.3, such weighted mapping techniques may 

already have been developed.  If not, the pursuit of such a modification to the ANEF 

system would offer an interesting research challenge, and is highly recommended. 
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4.4 Summary 

 

Since the 1960s, equal energy logarithmic indices, which take into account both the 

frequency of aircraft noise events and the noise levels of each event, have been employed 

in the measure of airport noise.  The ANEF system has evolved as a refinement of earlier 

airport noise measurement indices developed in the United States, and has been the basis of 

land use planning policy in Australia as set out in the Australian Standard AS2021-1994.  

The ANEF has attracted recent criticism, however, on two main grounds.   

 

Firstly, the ANEF has been criticised on account of being an equal energy index by those 

sceptical of the validity of such indices.  As yet, however, such criticisms have been 

insufficiently backed by research findings to overcome the simple fact that the ANEF has 

been found to highly correlate with subjective community responses to noise levels around 

Australian airports.   

 

Secondly, the ANEF system has been criticised on grounds of setting acceptable noise 

levels which are much too high, and which (in relation to the 20 ANEF level) seem to be 

based more on measurement difficulties than on genuine concern for communities affected 

by aircraft noise.  It is important to stress, however, that it is AS2021-1994 which 

designates acceptable noise levels, and hence criticism ought to be directed at this Standard 

rather than at the ANEF system itself.  Such criticism seems to be well founded, and this 

has motivated calls to add ANEF contour lines at the 10 and 15 ANEF level on ANEF 

maps, and to reduce the cutoff for 'acceptable' noise from 20 ANEF to perhaps 10 ANEF.  

Such additional contour lines would of course enclose much greater land areas and 

populations than the 20 ANEF contour lines, and would hence give a more community 

sensitive indication of the extent of noise pollution surrounding airports in Australia, hence 

providing an exemplary model for use worldwide. 
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5.  AIRCRAFT NOISE AND THE MILITARY 

 

 

The ICAO exemption of military aircraft is discussed in Section 5.1.  Section 5.2 then 

describes how aircraft noise is dealt with by the Australian Department of Defence.  United 

States practices are briefly discussed in Section 5.3.  Section 5.4 then examines the 

possibilities of legislation on the subject of military aircraft noise. 

 

 

5.1 ICAO Exemption of Military Aircraft 

 

Military aircraft are not required to adhere to the certification standards and recommended 

practices set out in Volume I of Annex 16 to the Convention on International Civil 

Aviation.  This exemption for military aircraft is formalised in Article 3 of the Convention, 

which describes the position of  military, or 'state', aircraft in the following terms:   

 

(a) This Convention shall be applicable only to civil aircraft, and shall not be 

applicable to state aircraft. 

(b) Aircraft used in military, customs and police services shall be deemed to be 

state aircraft. 

(c) No state aircraft of a Contracting State shall fly over the territory of another 

State or land thereon without authorization by special agreement or 

otherwise, and in accordance with the terms thereof. 

(d) The contracting States undertake, when issuing regulations for their state 

aircraft, that they will have due regard for the safety of navigation of civil 

aircraft. 

 

Section 2B of the latest (31 October 1994) reprint of the Australian 1920 Air Navigation 

Act states that: 
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Except where the contrary intention appears, this Act does not apply to, or in 

relation to, a state aircraft. 

 

Section 3 of the 1920 Act defines 'state' aircraft as:  

 

(a) aircraft of any part of the Defence Force (including any aircraft that is 

commanded by a member of that Force in the course of his[/her] duties as 

such a member), other than any aircraft that by virtue of registration under 

the regulations is an Australian aircraft; and 

 

(b) aircraft used in the military, customs or police services of a country other 

than Australia; 

 

So the Chicago Convention exempts from its provisions not only military aircraft, but also 

civil aircraft flown for military purposes.   

 

 

5.2 Aircraft Noise and the Australian Department of Defence 

 

The agency within the Department of Defence which deals most directly with aircraft and 

airport noise is the Directorate of Land Use Assessment (DLUA), within the Airstate 

Management Branch.  The DLUA is responsible for assessing forms of compatible land 

usage in the areas surrounding military airfields.  As such, one of the DLUA's main roles is 

the examination of the effect of aircraft noise on areas surrounding air bases.  The DLUA 

produces the Australian Noise Exposure Forecast (ANEF) contour maps for military 

airfields, as described in Chapter 4.  According to the DLUA, ANEFs for military airfields 

are a Defence responsibility "because of the unique nature of military air operations, both 

in terms of the functions undertaken and the type of aircraft used". 
39      

 

The ANEFs of military airfields allow military planners to compare the extent of noise 

criticality of the various airfields.  Those which are meeting the AS-2021 land usage noise 
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level requirements most comfortably, and which hence have the greatest capacity to 

accommodate an increased volume of traffic before exceeding noise limits, can then be 

preferentially selected as venues for special, or 'ad hoc' flight operations as required from 

time to time.  So the ANEFs are tools for allocating military operational loadings to various 

air bases.  Copies of ANEF maps for military airfields are issued to relevant State and local 

government authorities in order to guide land use planning, with a view to mutually satisfy 

Defence and community requirements.   

 

Discussions with DLUA representatives have confirmed that Australian military aircraft 

are exempt from the ICAO guidelines and are not subject to any legislative limitations with 

respect to noise. 
51
  It was revealed, however, that Defence Instruction (General) PERS 19-

4 dated 24 November 1992 prescribes an ongoing program to survey noise hazard areas on 

all Defence bases.  The DLUA also expressed the view that the absence of formal noise 

limiting guidelines could be a potential source of problems for Defence in the future.  

According to Mr. Brian Beasley, the Director of Land Use Assessment, "there will be a 

need in the future to investigate the possibility of introducing standards or guidelines for 

environmental noise levels of military aircraft in Australia". 
52
    

 

It has emerged that, acting upon sound advice from the DLUA and generally, the 

Department of Defence is treating environmental issues generally and aircraft noise issues 

in particular with ever increasing respect.  Paragraph 13.27 of the 1994 Defence White 

Paper states that: 
53
   

 

Because of the nature of military operations, the Australian Defence Force activities 

can have an impact on Australia's natural environment.  The Government is 

nevertheless strongly committed to Defence undertaking its operations and 

activities in an ecologically responsible manner. 
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The Request For Tender (RFT) document for the RAAF Lead-In-Fighter, issued in 1995, 

provides evidence of an increasing awareness within Defence circles of the political and 

environmental significance of aircraft noise.  Such requirements were included in response 

to advice given to the Lead-In-Fighter project by the DLUA. 
52,54

  Following is a copy of 

item 4.9.1.19 of this RFT document, which deals specifically with aircraft noise:    

 

 

4.9.1.19 Noise Levels 

 

4.9.1.19.1 The aircraft shall meet the requirements of ICAO International 

Standards and Recommended Practices, Environmental Protection, 

Annex 16, Volume 1, Chapter 3 noise requirements.  (D) [D = 

Desirable] 

 

Tender Note Tenderers shall provide details of operating noise levels measured in 

accordance with ICAO, International Standards and Recommended 

Practices, Environmental Protection, Annex 16 Volume 1, Aircraft 

Noise, 3rd Edition, July 1993, Appendix 2, for the following phases 

of operation: 

 

a. Take-off at maximum power, 

b. Approach profile, 

c. Overflight profile, 

d. Taxiing, and 

e. Engine at full power whilst aircraft stationary. 

 

 

Tender Note The Tenderers shall provide details of the effectiveness and 

availability of aircraft noise suppression devices such as hush kits. 

 

4.9.1.19.2 The pilots shall not be exposed to cockpit noise levels greater than 

safe limits calculated and specified in AS 1269-1989 when wearing 

the Personal Fit Life Support Equipment specified at paragraph 

4.3.7.1.1 during two maximum endurance sorties per day.  (HD)

 [HD = Highly Desirable] 
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Whereas the satisfaction of item 4.9.1.19.2 above would be much welcomed by future 

pilots, the satisfaction of item 4.9.1.19.1 would benefit entire communities surrounding 

military airfields.   

 

The situation with Sydney airport has elevated the status of the aircraft noise issue 

throughout Australia, including areas adjacent to military bases.  Noise levels at Darwin's 

military airfield in particular have attracted a vigorous community protest over the past 

decade or so, and recent Defence initiatives have been taken to reduce noise levels there.  

The public information pamphlet titled "Important information for the community about 

military jet operations from RAAF Base Darwin" was issued in 1994 to inform the public 

of initiatives taken to minimise noise pollution from military aircraft. 
55
  The pamphlet 

describes the implementation of new procedures applicable to all military jet aircraft using 

the air base, directed at minimising noise levels and inconvenience to the public.  The 

pamphlet states specifically that:   

 

� In most cases, military jets will follow takeoff and landing procedures 

similar to those used by commercial airliners, making "straight out" 

departures and "straight in" approaches at RAAF Darwin, thus avoiding 

flights over suburban areas. 

 

� Whilst Darwin airport is not subject to a curfew, most military flying is 

conducted during daylight hours and military night flying usually finishes by 

10.00 pm.  

 

� Timing and power restrictions have been imposed on engine runs and full 

power runs will require approval from the base commander. 

 

� Military pilots must comply with rules and regulations as published by the 

base commander, unless flight safety reasons exist. 

 

� To ensure compliance, the RAAF has published the new procedures in 

Australian Aeronautical Information Publications. 

 

� All pilots and navigators will be required to sign a statement that they have 

read and understood the noise abatement procedures. 
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The preceding passages suggest, at least in the case of RAAF Base Darwin, that aircraft 

noise at military bases is being dealt with very seriously within the framework of military 

directives, under Ministerial instruction.  On the face of it, however, it would be left for the 

military, at its discretion, to take its own disciplinary action in the event of contraventions 

of the rules and regulations established, which, whilst perhaps desirable from the RAAF's 

point of view, may fall short of community expectations for accountability of the kind best 

provided by legislation.  Section 5.4 considers the possibility of applying legislation to 

military aircraft with respect to noise. 

 

 

5.3 United States Practices 

 

United States Military Standards have been developed on numerous aspects of military 

operations, so it seemed sensible to investigate whether such a Standard exists for aircraft 

noise.  Inquiries as to the existence of military standards or regulations relating to aircraft 

noise have been directed to the United States and United Kingdom standards 

representatives at Australia's Department of Defence Offices at Russell, Canberra.  Both 

representatives carried out detailed searches and reported that so far as they were able to 

confirm, no such standards or regulations were in place in either country.  Further inquiries 

directed through the United States Embassy in the first instance, and subsequently through 

the United States Air Force Materiel Command, confirmed that no United States military 

standard exists on the subject of aircraft noise. 
56
    

 

Whilst individual United States military aircraft are not subject to any noise level 

requirements, many air bases are in fact subject to curfews consistent with the pattern of 

residential land usage surrounding such air bases. 
56
  Furthermore, the noise performance of 

United States military aircraft is often measured in accordance with FAA or ICAO 

procedures, and efforts are made to minimise noise levels to the extent that operational 
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performance is in no way impaired.  As in Australia, there is a trend of increasing effort to 

adhere to ICAO or FAA standards, despite the lack of obligation to attain such standards. 

 

 

5.4 Legislation on Military Aircraft Noise 

 

The ICAO exemption for military aircraft in no way prevents the Australian government 

from making military aircraft and airports the subject of noise related legislation.  To this 

stage, however, no such legislation has been enacted, and hence Australian military aircraft 

are not subject to any legal obligations relating to aircraft noise emissions. 

 

The trends of the last decade suggest that the military's aircraft noise performance is certain 

to come under ever increasing scrutiny in the future, and that there will be a push to bring 

the military within legislative bounds on the matter of aircraft noise. There are both supply 

and demand side factors encouraging such a development.   

 

On the demand side, community and political intolerance of aircraft noise is increasing, 

and legislative measures applicable to civil aircraft - in particular the Aerodrome Curfew 

and Aircraft Noise Levy initiatives (see sections 2.5.3 and 2.5.4 especially), have generated 

a rapid response from airline companies keen to avoid substantial penalties.  But as noise 

levels at civil airports diminish and concern over civil airports subsides, the relative 

attention paid to military airfields must increase correspondingly.   

 

On the supply side, in the wake of improved designs and new technologies, it is clear that 

noise reduction will be achievable in future aircraft.  Vertical and Short Take Off and 

Landing aircraft are inherently less noise intrusive to areas surrounding airfields, and 

technological advancements are reducing noise emissions from turbofan and turbojet 

engines alike.  But whereas each new generation of civil aircraft is showing substantial 

noise reduction, military aircraft have generally progressed more slowly, and again appear 
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likely to attract a relatively ever greater protest from the community, and accompanying 

pressure to legislate on military aircraft noise. 

 

Emerging trends suggest the obvious utility in proposing an appropriate form of legislation 

for application to military aircraft in Australia.  In considering the form such military 

aircraft noise legislation should take, a number of issues are addressed in turn.  The 

following is intended as a preliminary effort only. 

 

5.4.1 Peace Time Application 

 

Whilst a matter of contention in itself, it seems reasonable to make military aircraft noise 

legislation applicable only in peace time. 

 

5.4.2 Noise Levies 

 

Noise levies of the kind collected in accordance with the 1995 Aircraft Noise Levy Act 

would not seem feasible for military aircraft since the taxpayer would in effect end up 

paying such levies. 

 

5.4.3 Curfews For Military Aircraft 

 

Military aircraft could not altogether be prevented from night flying, since such a limitation 

would severely impede operations.  In peace time, however, there can be no possible 

justification for night flying beyond that required to maintain standards of operational 

readiness.  Suitable curfews sensitive to community desires and military autonomy alike 

could readily be designed. 
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5.4.4 Technological Progress Of Military Aircraft  

 

Consistent with the example set by ICAO and FAA, any military aircraft noise legislation 

ought to take into account the rate of technological advancement.  But it should also be 

recognised that the slowness of progress in military aircraft noise suppression has probably 

been largely due to the lack of regulatory pressure to improve.  In this sense, legislation 

could actually help the military by encouraging innovation and technological improvement.  

It would seem appropriate to make any such legislation applicable only to very recently 

produced aircraft, and hence accepted that natural attrition will eventually remove older, 

noisier models. 

 

5.4.5 Frequency Profiles Of Military Aircraft 

 

Whereas the frequency profile of takeoffs and landings at civil airfields follows a generally 

steady pattern during operational hours, with little day to day variation, military flying is 

characterized by short bursts of extremely frequent and loud flying, and weeks and months 

in which noisy flying is largely absent.  Because the frequency profile of military aircraft at 

military airfields departs substantially from that of civil aircraft in general, an assessment 

of the overall impact of such military operations on surrounding communities would need 

to take particular account of the equal energy index controversy discussed in Section 4.3.2.  

It would probably be appropriate to assess military airfields in terms of noise levels 

produced during periods of intense flying activity. 

 

5.4.6 Application  Of  ICAO Chapter 3 Standards 

 

The onus should be placed upon the military to show cause why they should continue to be 

exempt from the ICAO Chapter 3 standard applicable to subsonic jets.  In all the 

circumstances it would seem reasonable to apply the ICAO standards at least to new 

models of military aircraft at the standards applicable to Chapter 3 aircraft, although any 
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suggestions to retrospectively phase out military aircraft before their scheduled phase out 

date would likely attract resistance within military and government circles, given the 

enormous expense of such a move.  Nevertheless, it is one thing that military forces should 

impose a fiscal burden upon a country in peace time, but quite another that they should 

impose an environmental burden at the same time.  It is generally difficult to demonstrate 

that peace time military operations provide a net benefit to sponsoring communities, and 

even more difficult if the military is imposing an ongoing environmental burden.  One 

could well argue that if vast sums are going to be spent on defence anyway, the military 

should, at the very least, avoid environmental damage to its local communities in peace 

time.  Accordingly, all very noisy military aircraft should be phased out of peace time 

operation immediately unless they are modified so as to produce acceptable levels of noise 

output.   

 

At the very least, with a view to the long term, the introduction of legislation as soon as is 

practicable, would be of obvious benefit to future generations even if the present generation 

continues to suffer somewhat unreasonably. 

 

5.4.7 Future ICAO Developments For Supersonic Aircraft 

 

Chapter 4 of  the latest third edition of Volume I of Annex 16 to the Chicago Convention is 

titled 'Supersonic Aeroplanes', but at this stage merely states that "Standards and 

Recommended Practices for these aeroplanes are not yet developed".  Noting that many 

military aircraft fly at supersonic speeds, any legislation developed for military aircraft 

should be drafted with due consideration of any standards and recommended practices 

ICAO develops for application to supersonic aircraft. 

 



-  87  - 

5.4.8 Noise Suppression Measures 

 

As discussed in section 5.4.6, it seems unlikely that governments would support the 

phasing out of military aircraft before their scheduled phase out dates as is being done 

under ICAO resolutions for some models of civil aircraft.  Nevertheless, at the very least, it 

seems reasonable to oblige the military to employ all reasonable means of aircraft noise 

suppression, such as the engine treatments discussed in Section 1.5.1.  It could, for 

example, be made mandatory for all aircraft, at their mid-life maintenance overhaul, to be 

modified to incorporate all noise reduction features where such modification is 

economically feasible, and in light of arguments raised in the previous section, there can 

surely be no valid grounds for avoiding such measures in peace time.  'Hush kits' of the 

kind referred to in the RAAF Lead-In-Fighter Request For Tender should in all cases be 

fitted where practicable.   

 

 

5.5 Summary 

 

Military aircraft, and civil aircraft flying for military purposes, are, for all nation members 

of the ICAO, exempt from the ICAO aircraft noise requirements set out in Volume 1 of 

Annex 16.  Certainly in Australia, and apparently also in the United States, impressive 

efforts are being made to satisfy increasing community demands for less noisy military 

aircraft and airfields.  But the military is not introducing aircraft noise suppression 

measures as rapidly as its civil counterparts, and hence the attention on military activities is 

likely to increase.   

 

It has been suggested that legislation should be introduced to ensure that military aircraft 

are less burdensome on their parent communities during peace time. The military should 

recognise that legislative pressures could have the positive effect of demanding improved 

aircraft designs, which would readily translate into improved operational effectiveness. 
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6.  CONCLUSIONS AND RECOMMENDATIONS  

FOR FUTURE WORK 

 

 

6.1 Conclusions 

 

Aircraft noise has become a major global problem since jet aircraft entered large scale 

commercial operation in the late 1950s.  A literature survey has shown that the aircraft 

noise problem has been investigated on many fronts, and that solutions suggested have 

involved a combination of regulatory and technological initiatives. 

 

An international regulatory framework, led by the Montreal based International Civil 

Aviation Organization (ICAO), has been established to minimize the adverse impact of 

aircraft noise on the environment and on communities affected by aircraft noise.  The 

central aspect of this regulatory framework is the provision that aircraft will only be 

granted airworthiness certificates if their measured noise levels are below prescribed limits.  

The United States Federal Aviation Administration (FAA) and European Joint Aviation 

Authority (JAA) have established guidelines equivalent - indeed almost identical - to those 

of the ICAO.  

   

The ICAO resolutions have been brought into Australian Law in the form of various items 

of legislation and regulations.  Recent legislation imposing noise levies and airport curfews 

has expedited the phasing out of the older, noisier aircraft, as required by the ICAO. 

 

Aircraft noise certification involves the measurement and analysis of aircraft noise as 

prescribed by Volume I of Annex 16 to the Chicago Convention or equivalent 

requirements.  The certificate for an aircraft will be recognised by all ICAO member 

nations unless it is modified so as to no longer comply with ICAO or equivalent 

requirements. 
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As focal points for aircraft activity, airports and surrounding localities are the areas most 

affected by aircraft noise, and land use planning strategies have been implemented in 

Australia and worldwide in an attempt to make land areas surrounding airports compatible 

with airport operations.   

 

A number of indices, based on the principle of energy equivalence, have been developed in 

Australia and abroad to measure the adverse impact of aircraft noise in areas surrounding 

airports, and for land use planning purposes.  The Australian Noise Exposure Forecast 

(ANEF) has proven to be a statistically valid indicator of subjective community responses 

to objective noise doses.  The ANEF system, and the use of equal energy indices, has, 

however, attracted recent criticism, but on close examination it emerges that the main 

problem is not the ANEF system itself, but rather how it is used, including in the 

Australian Standard AS2021-1994.  In particular, it has been suggested that the designation 

of the 20 ANEF level as 'acceptable' for residential land usage is highly inappropriate, and 

that a level of 10 ANEF would perhaps be more suitable. 

 

Military aircraft are exempt from the ICAO provisions, but at least in Australia and the 

United States, some efforts are being made to reduce the adverse impact of aircraft noise on 

localities surrounding military airfields.  Nevertheless, the military's aircraft noise 

performance is likely to come under increasing scrutiny, and it has been suggested that 

legislation should be employed to limit military aircraft noise, at least in peace time. 

 

The study of aircraft noise has proven to be an excellent case study of the workings of the 

modern world.  It would be difficult to identify another contemporary issue in which 

human aspects, regulatory frameworks and technology more richly interact. 
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6.2 Recommendations for Future Work 

 

Research carried out for the present project suggests that the following research activities 

would be worth pursuing in the future: 

 

6.2.1 Examination of the Validity or Otherwise of Equal Energy Indices as measures 

of Noise Exposure. 

 

Some researchers and commentators are satisfied that as indicative measures of noise 

exposure, equal energy indices such as that used in the ANEF system, are highly 

satisfactory, although others have been critical of the use of such indices.  Much effort has 

already been devoted to this issue, and as yet it remains unresolved.  It is apparent that of 

the order of 100 research papers have been written on this subject, which suggests that it 

could be a feasible final year undergraduate research project in engineering or perhaps 

physics.  The shear difficulty of the issue, as already experienced by many post-doctoral 

researchers, suggests that it would also present significant challenges as a PhD topic. 

 

6.2.2 Examination of a Continuous or 'Ramp type' Equal Energy Index to Replace 

the Discrete, 'Step type' Indices Presently Used 

 

It is noteworthy that all of the equal energy indices defined in Sections 4.1 and 4.2 involved 

a division between day and night, or day, evening and night, and that various weightings 

were applied to these different time zones.  The use of such discrete 'steps' in these 

calculations is clearly suspect.  For example, the ANEF system classifies a flight at 6.59 

pm as a day time flight whereas one at 7.01 pm is classified as a night time flight, and the 

weightings of such flights in equation  [4.9]  are very different (see Section 4.2), which is 

intuitively absurd.  The development of a suitable continuous or 'ramp' type function to 

replace the presently used discrete step type functions would be a worthwhile research 

exercise which could lead to improved noise exposure indices.  At the very least, the  term  
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(Ndij + 4Nnij)  in equation  [4.9]  could be replaced by an expression of the form    Σ 

wt.Nijt  where  Nijt  is the number of flights of aircraft type i on flight path j during time 

zone t, and  wt
  is the weighting assigned to flights in time zone t.  The summation would 

be over all time zones  t  making up 24 hours in total.  As the number of time zones 

considered increases, the index will increasingly approach a continuous expression, and the 

more accurate the index should be.  The  weightings  wt  could be determined using 

suitable statistical regression techniques. 

 

6.2.3 Refinement of the ANEF system to facilitate the provision of contour lines at 

the 10 ANEF and 15 ANEF levels. 

 

Authorities, including Standards Australia, have claimed that ANEF contour lines are 

prohibitively difficult to identify below the 20 ANEF level.  However, as discussed in 

Section 4.3.3, it is clear that at the very least, a circle could be drawn to represent the 15 

ANEF and 10 ANEF contour lines, and that with improved flight path details, more 

accurate contour lines even at these ANEF levels could be estimated.  The system of 

developing ANEF contour lines could be examined as a research topic in itself, and if 

limitations in the present system were identified, the correction of these could be the source 

of further research in engineering, computer science or perhaps geography. 

   

6.2.4 Examination of Aircraft Noise Legislation suitable for application to Military 

Aircraft 

 

Possibilities for aircraft noise legislation for military aircraft have been examined briefly, 

but further work needs to be done, although such work would perhaps be better suited to 

the study of law than to engineering. 
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6.2.5 Methods of Noise Abatement 

 

Much of the research literature on aircraft noise deals with noise abatement procedures, and 

a survey of such procedures could be a worthwhile undergraduate research project.  The 

examination of specific noise abatement measures such as engine silencing treatments and 

flight trajectories could also be pursued. 
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The 183 ICAO Member Nations 

Afghanistan   Djibouti   Liberia   Saint Vincent and the 

Albania  Dominican Republic  Libyan Arab  Grenadines  

Algeria  Ecuador  Jamahiriya   San Marino 

Angola  Egypt  Lithuania   Sao Tome and Principe 

Antigua and Barbuda  El Salvador  Luxembourg   Saudi Arabia 

Argentina  Equatorial Guinea  Madagascar   Senegal 

Armenia  Eritrea  Malawi   Seychelles 

Australia  Estonia  Malaysia   Sierra Leone 

Austria  Ethiopia  Maldives   Singapore 

Azerbaijan  Fiji  Mali   Slovakia 

Bahamas  Finland  Malta   Slovenia 

Bahrain  France  Marshall Islands   Solomon Islands 

Bangladesh  Gabon  Mauritania   Somalia 

Barbados  Gambia  Mauritius   South Africa 

Belarus  Georgia  Mexico   Spain 

Belgium  Germany  Micronesia, Federated  Sri Lanka 

Belize  Ghana  States of   Sudan  

Benin  Greece  Monaco   Suriname  

Bhutan  Grenada  Mongolia   Swaziland  

Bolivia  Guatemala  Morocco   Sweden  

Bosnia and Herzegovina  Guinea  Mozambique   Switzerland  

Botswana  Guinea-Bissau  Myanmar   Syrian Arab Republic  

Brazil  Guyana  Namibia  Tajikistan  

Brunei Darussalam  Haiti  Nauru   Thailand 

Bulgaria  Honduras  Nepal  The former Yugoslav 

Burkina Faso  Hungary  Netherlands, Kingdom  Republic of Macedonia  

Burundi  Iceland  of the  Togo 

Cambodia  India  New Zealand  Tonga 

Cameroon  Indonesia  Nicaragua   Trinidad and Tobago 

Canada  Iran, Islamic  Niger   Tunisia 

Cape Verde  Republic Of  Nigeria   Turkey 

Central African Republic  Iraq  Norway  Turkmenistan 

Chad  Ireland  Oman   Uganda 

Chile  Israel  Pakistan   Ukraine 

China  Italy  Panama   United Arab Emirates 

Colombia  Jamaica  Papua New Guinea   United Kingdom  

Comoros  Japan  Paraguay   United Republic of 

Congo  Jordan  Peru   Tanzania  

Cook Islands  Kazakhstan  Philippines   United States 

Costa Rica  Kenya  Poland   Uruguay 

Cote d'Ivoire  Kiribati  Portugal  Uzbekistan  

Croatia  Kuwait  Qatar  Vanuatu 

Cuba  Kyrgyzstan  Republic of Korea   Venezuela 

Cyprus  Lao People's  Republic of Moldova   Viet Nam 

Czech Republic  Democratic Republic  Romania   Yemen 

Democratic People's  Latvia  Russian Federation  Zaire 

Republic of Korea  Lebanon  Rwanda   Zambia 

Denmark   Lesotho   Saint Lucia    Zimbabwe 
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      Member Nations of European Joint Aviation Authorities 

European Civil 

Aviation 

Conference (ECAC) 

Joint 

Aviation 

Authority 

(JAA) Eurocontrol 

European 

Union (EU) 

European Free 

Trade 

Association 

(EFTA) 

(33 members) (27 members) (21 members) (15 members) (6 members) 

Austria Austria Austria Austria Austria 

Belgium Belgium Belgium Belgium   

Bulgaria         

Croatia         

Cyprus Cyprus Cyprus     

Czech Rep Czech Rep Czech Rep     

Denmark Denmark Denmark Denmark   

Estonia         

Finland Finland   Finland Finland 

France France France France   

Germany Germany Germany Germany   

Greece Greece Greece Greece   

Hungary Hungary Hungary     

Iceland Iceland     Iceland 

Ireland Ireland Ireland Ireland   

Italy Italy Italy Italy   

Latvia         

Lithuania         

Luxembourg Luxembourg Luxembourg Luxembourg   

Malta Malta Malta     

Monaco Monaco       

Netherlands Netherlands Netherlands Netherlands   

Norway Norway Norway   Norway 

Poland Poland       

Portugal Portugal Portugal Portugal   

Romania         

Slovakia Slovakia       

Slovenia Slovenia Slovenia     

Spain Spain   Spain   

Sweden Sweden Sweden Sweden Sweden 

Switzerland Switzerland Switzerland   Switzerland 

Turkey Turkey Turkey     

UK UK UK UK   



 

APPENDIX 3 

 

National Variants to the third edition of Volume I 

of Annex 16 to the Chicago Convention 

 

According to the Supplement to Annex 16, Volume I (third edition), dated 31 December 

1994, the following member nations have notified the ICAO of differences which exist 

between their national regulations and practices, and the International Standards of the third 

edition of Volume I of Annex 16. 

 

State 

Date of notification of 

differences  State 

Date of notification of 

differences 

Canada 13/07/1993  New Zealand 19/10/1993 

France 18/11/1993  Russian Federation 30/09/1993 

Germany 21/02/1994  Saudi Arabia 25/07/1993 

Netherlands, 25/10/1993   United States 26/07/1993 

Kingdom of the     Vanuatu 2/08/1993 

 

The following pages [not provided here] are copies, extracted from the 31 December 1994 

Supplement, of the actual differences notified by the nine member nations listed in the Table 

above.  These copies were provided by the Environment Branch of Airservices Australia. 

 

Also according to the 31 December 1994 Supplement, the following nations have notified 

the ICAO that no differences exist between their national regulations and practices, and the 

International Standards of the third edition of Volume I of Annex 16. 

 

State 

Date of notification that 

no differences exist  State 

Date of notification that 

no differences exist 

Argentina 2/09/1993  Jordan 17/10/1993 

Australia 2/08/1993  Namibia 27/07/1993 

Barbados 25/05/1993  Norway 12/10/1993 

Chile 26/10/1993  Portugal 12/01/1994 

Cyprus 5/10/1993  Qatar 22/06/1993 

Denmark 12/10/1993  Singapore 16/09/1993 

Egypt 25/07/1993  Turkey 24/06/1993 

Finland 28/04/1993  Ukraine 22/07/1993 

Iceland 31/10/1994  Uruguay 19/10/1993 

Ireland 10/10/1993     

 

Those ICAO member nations not listed in any of the above tables had not, as at 31 December 

1994, notified the ICAO whether or not differences exist between their national regulations 

and practices and those of the third edition of Volume I of Annex 16. 


