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STATEMENT OF EVIDENCE OF CHRISTOPHER DAY  

INTRODUCTION 

1 My full name is Christopher William Day.   

2 I am a founding partner and principal of Marshall Day Acoustics 

Limited.   

3 I have the qualification of Bachelor of Engineering (Mechanical) from 

Monash University in Melbourne, Australia.  For the past 40 years I 

have worked in the field of acoustics, noise measurement and 

control in England, Australia and New Zealand, specialising in 

transportation noise and acoustics for the performing arts.  My work 

over the last 35 years has included noise control engineering and 

town planning work for various major corporations and City Councils 

within New Zealand, and I have been engaged on numerous 

occasions as an expert witness before the Environment Court.   

4 I have been significantly involved with airport noise at all the three 

major airports in New Zealand as well as many of the smaller 

regional airports, including Rotorua, Whangarei, Dunedin, 

Invercargill, Wanaka, Ardmore, Hamilton, Tauranga, Nelson, 

Omaka, Paraparaumu, Gisborne, Masterton, and Taupo. 

5 At Auckland Airport my firm has been engaged by the Manukau City 

Council and the Airport Company, at Wellington by the Board of 

Airline Representatives of New Zealand (BARNZ) and Wellington 

International Airport Limited (WIAL), and at Christchurch by 

Christchurch International Airport Limited (CIAL).  Our work has 

involved noise predictions, computer modelling, noise boundary 

development and automated noise monitoring.   

6 My firm has been engaged by CIAL since 1992 to advise on various 

noise issues including the preparation of the original noise contours 

to form the basis of the airport noise provisions in the Christchurch, 

Waimakariri, and Selwyn District Plans (referred to as the 1994 

Study) and also to advise on a number of specific land use consent 

applications and plan changes that have arisen since then.  My firm 

carried out the recalculation of the noise contours for Christchurch in 

2007 which involved a complete remodelling of future operations 

and included consultation and agreement with the so-called ‘Panel of 

Experts’.   

7 On this occasion I have been asked to assist CIAL and the panel 

with the airport noise provisions in the Rural chapter of the 

proposed Christchurch Replacement District Plan (the proposed 

District Plan). 

8 Although this is not an Environment Court hearing (or a hearing 

being conducted under the Resource Management Act 1991), I note 

that in preparing my evidence I have reviewed the code of conduct 
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for expert witnesses contained in part 7 of the Environment Court 

Practice Note 2014. I have complied with it in preparing my 

evidence. I confirm that the issues addressed in this statement of 

evidence are within my area of expertise. I have not omitted to 

consider material facts known to me that might alter or detract from 

the opinions expressed. 

 

PREVIOUS EVIDENCE 

9 I have previously given evidence on issues relating to the 50dB Ldn 

Airport Operational Noise Contour at the Residential and 

Commercial/Industrial stage 1 hearings.   

10 I have repeated much of that evidence here for the benefit of those 

new members of the Panel who were not present at those hearings.  

SCOPE OF EVIDENCE 

11 My evidence will discuss the avoidance of adverse noise effects in 

the context of the rural zones and the regulation of density and 

minimum net site area as a method to avoid noise sensitive 

activities from establishing within the 50dB Ldn Airport Operational 

Noise Contour and the 50dB Ldn Engine Testing Noise Contour.     

12 My evidence discusses the following: 

12.1 NZS 6805:1992 “Airport Noise Management and Land Use 

Planning”;  

12.2 the background to the 2007 Christchurch operational noise 

contours; 

12.3 community response to aircraft noise; 

12.4 the need for Land Use Planning to avoid adverse effects;  

12.5 sound insulation as a means to mitigate noise effects; and  

12.6 engine testing contours.  

13 I understand that the detailed hearing of matters relating to airport 

operational noise contours and engine testing noise contours have 

been deferred and are to be heard in early 2016 as part of the 

“Chapter 6 General Rules and Procedures” hearing.  On that basis, I 

will not go into detail in this brief of evidence about those issues, 

but will instead focus just on matters that are relevant to the 

relatively confined submission points in the rural chapter context.   

EXECUTIVE SUMMARY 

14 The lack of appropriate land use planning around airports has 

historically caused significant numbers of people to be exposed to 
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airport noise and has initiated operational constraints on airports. 

The fore-fathers at Christchurch have managed to avoid this 

situation by farsighted planning of the airport location and by 

protection of a ‘green-belt’. 

Airport Operational Noise Contours 

15 A comprehensive study carried out by Marshall Day Acoustics in 

conjunction with the international ‘Panel of Experts’ has established 

an appropriate set of noise contours to be used as the basis for 

‘Airport Noise Management and Land Use Planning’ at Christchurch 

International Airport. These are referred to as the 2007 ‘Expert 

Panel’ contours. 

16 These updated contours are 24% smaller by area than the previous 

(2004) City/District Plan contours primarily due to improvements in 

aircraft technology reducing aircraft noise. 

17 The updated contours have been incorporated into the Canterbury 

Regional Policy Statement 2013, the Selwyn and Waimakariri 

District Plans and the Land use Recovery Plan. By virtue of the Land 

use Recovery Plan, the 50 dB Ldn contour is also incorporated into 

the operative Christchurch City Plan. The 50 dB Ldn forms the outer 

control boundary (OCB) inside which noise sensitive activities have, 

for a very long time, been considered inappropriate. 

18 In my opinion, there are adverse effects from aircraft noise inside 

the OCB (50 dB Ldn). While the adverse effects are less than, for 

example, they are at 65 dB Ldn they are nevertheless real. If land is 

available elsewhere in the Christchurch region for new residential 

development (or intensification), in my opinion, it is not sensible 

planning to allow new noise sensitive activities inside Ldn 50 dB if it 

can be avoided. 

19 A number of factors confirm there are adverse effects from aircraft 

noise inside Ldn 50 dB and that it is not a desirable noise 

environment in which to locate new residential development. 

20 Overseas studies have shown that between 50 and 55dB Ldn, 3% to 

12% of people were found to be highly annoyed by aircraft noise. A 

Christchurch study has shown higher levels of annoyance with 10% 

to 15% of the population Highly Annoyed in this environment (50dB 

to 55dB). At higher noise levels (for example at 55-60 dB), this 

increases to 15% to 22%. 

21 If noise sensitive activities such as residential development, 

hospitals and education facilities are allowed in the area between 

Ldn 50 to 55dB, the number of people adversely affected by aircraft 

noise would increase. 

22 Specifying sound insulation to be fitted to buildings in these noise 

environments will not eliminate all the adverse effects of noise, due 

to open windows and an unsatisfactory outdoor noise environment. 
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Engine Testing Noise Contours 

23 The principles which I discuss in relation to the OCB at Christchurch 

at Christchurch Airport, apply equally to noise generated by engine 

testing activities (ground running of engines on aircraft).  Engine 

testing noise contours have been developed by Marshall Day, I 

explain the modelling and inputs used to generate these contours 

below.  In my opinion, as with the OCB, there are adverse effects 

from the noise generated by engine testing activities within the 

50dB Ldn Engine Testing contour.  Noise sensitive activities within 

this contour should be avoided in the same way as those within the 

OCB.    

24 Density controls are an appropriate procedure for minimising the 

number of people exposed to the adverse effects of aircraft 

operational noise and engine testing noise at Christchurch Airport.  

If the controls were relaxed to allow encroachment to happen, there 

would be no retracting from that compromised position in the 

future.   

25 Christchurch Airport is in a unique position in that historically a 

buffer zone around the airport has been maintained to avoid the 

adverse effects of aircraft noise on people and secondly, to provide 

protection for the airport against reverse sensitivity effects.  In my 

opinion, both these effects need to be addressed. 

NEW ZEALAND STANDARD NZS 6805  

26 In 1992, the Standards Association of New Zealand published New 

Zealand Standard NZS 6805:1992 “Airport Noise Management and 

Land Use Planning” with a view to providing a consistent approach 

to noise planning around New Zealand airports.1  The Standard has 

been used by virtually every district council since 1992 and it is one 

of the few noise standards that has not been put up for revision or 

amendment. 

27 The Standard uses the “Noise Boundary” concept as a mechanism 

for local authorities to: 

27.1 “establish compatible land use planning” around an airport”; 

and 

27.2 “set noise limits for the management of aircraft noise at 

airports” 

28 The Noise Boundary concept involves fixing an Outer Control 

Boundary (OCB) and a smaller, much closer Airnoise Boundary 

(ANB) around the airport.  The location of the ANB is based upon 

the projected 65 dB Ldn contour, and the location of the OCB is 

generally based on the projected 55 dB Ldn contour with 

Christchurch using 55 dB Ldn .  For completeness, I note that the 

                                            
1  Exhibit 14, Residential hearing.  
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Standard does state in paragraph 1.4.3.8 that the local authority 

may show “the contours in a position further from or closer to the 

airport, if it considers it more reasonable to do so in the special 

circumstances of the case”.  The Christchurch authorities 

nevertheless decided many years ago to use the 50 dB Ldn contour 

for the location of the OCB. 

29 The New Zealand Standard was written in 1992 – well before the 

community response surveys discussed later in this evidence 

(Bradley 1996, Miedema 1998, Taylor Baines 2002).  The land use 

planning recommendations and amenity protection guidelines in the 

Standard are thus based on earlier research (Schultz 1978) which I 

will discuss later in this evidence. 

30 The Standard recommends that inside the ANB, new noise sensitive 

uses (including residential) should be prohibited.  Between the ANB 

and the OCB new noise sensitive uses should also be prohibited 

unless the district plan permits such uses subject to appropriate 

sound insulation. In my opinion, this shows the overall approach is 

still avoiding such activities where ever possible.  

31 The Standard is based on the Day/Night Sound Level (Ldn) which 

uses the cumulative ‘noise energy’ that is produced by all flights 

during a typical day with a 10 decibel penalty applied to night flights 

(see Appendix A for a full list of terminology and the figures 

explaining Leq , Ldn and SEL from the Residential Hearing).  Ldn is 

used extensively overseas for airport noise assessment and it has 

been found to correlate well with community response to aircraft 

noise. 

32 In addition to land use controls, NZS 6805 proposes maximum noise 

emission limits for airports.  The ANB is also nominated as the 

location for future noise monitoring of compliance with an Ldn 65 dB 

limit. 

33 There are no New Zealand Standards that are specifically intended 

to control aircraft engine testing noise emissions.   I am also 

unaware of any specific international standards for the assessment 

of engine testing noise emissions.  Therefore bespoke rules are 

required as has been the case at most other New Zealand airports.  

Broadly, engine testing noise is similar to aircraft operational noise, 

in that it involves short duration moderate level noise events.  Thus 

typical engine testing noise rules use the Day/Night (Ldn) as used 

for airport operations. 

Engine Testing Bylaw 

34 On wing engine testing at CIA has historically been managed by the 

Christchurch International Airport By-Laws: Section 52.Stationary 

Engine Testing as shown below: 
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52. Stationary Engine Testing 

1) No person shall start up or run an aircraft engine in a hangar 

2) Subject to subclause (3) of this by-law, no person shall start up or 

run an aircraft engine for the purposes of stationary testing in an open 

space at the airport unless- 

a) The total duration of engine testing in respect of any aircraft 

does not exceed 5 minutes, or 

b) The engine testing is carried out in a special facility approved 

in writing by the airport manager, or 

c) The engine testing is carried out at the threshold of Runway 

11 or, when Runway 11 is in use, in the holding bay on the main 

taxiway and under the direction of Air Traffic Control, or 

d) The testing is carried out at such other place and in such 

other manner as shall be approved by the airport manager before 

the test commences. 

3) Nothing in subclause (2) of this by-law authorises the testing of an 

aircraft engine testing between 2300 hours and 0600 hours unless –  

a) The testing is necessary to provide an urgent scheduled flight, 

or 

b) the person responsible for the testing delivers to the airport 

manager within 24 hours after the testing a report which sets out- 

i) The date, time and duration of the test; and 

ii) The reason for the test 

iii) The date and time for the scheduled flight for which 

the test was necessary 

 

 

THE CHRISTCHURCH AIRPORT OPERATIONAL NOISE 

CONTOURS  

35 As discussed above, the New Zealand Standard recommends 

planning and management procedures be based on predicted noise 

contours (Ldn) for some future level of airport activity.  The 

Standard recommends (in clause 1.4.3.1) that a “minimum of a 10 

year period be used as the basis of the projected contours.” 
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36 Clearly, it is important for a major international airport to plan for a 

period significantly longer than 10 years.  At Auckland International 

Airport the recently updated contours are based on a projection for 

the year 2044 (30 years).  At Wellington International Airport the 

projections were based on the long term airport capacity.   

Christchurch 1994 Study 

37 My firm was engaged in 1992, together with a series of airport 

planning experts, to develop noise contours for Christchurch Airport.  

The study involved a dual approach of examining future growth 

projections and a study of long term airport capacity. In summary, 

Christchurch International Airport Limited developed future aircraft 

operational scenarios for the airport through consultation with their 

airport planning consultants and users of the airport.  These 

scenarios were developed from the then current, 1993 domestic and 

international billing details, significant research on anticipated 

growth rates for the industry and the information on airline fleet 

replacement preferences. 

38 The ‘high’ forecast growth, predicted total annual movements of 

145,000.  CIAL discussions with the airport planning consultants 

suggested the maximum capacity of the airport, with the technology 

available at that time, was 140,000 movements per annum.  Thus, 

this slightly lower figure was used in the 1994 noise contour 

predictions.  It was anticipated at the time that this capacity would 

be reached between the years 2015 and 2020.   

39 Several computer based models have been developed to predict 

aircraft noise levels in areas surrounding airports.  The most widely 

used of the models (and the model recommended in NZS 6808) is 

the Federal Aviation Authority (FAA) Integrated Noise Model (INM).  

The version of the INM program that was current in 1994 was used 

by Marshall Day Acoustics to predict the future Ldn contours around 

Christchurch International Airport.  The resultant contours were an 

accurate ‘best practice’ estimate of the future noise contours for 

Christchurch and were later included in the various District Plans.   

2007 Study  

40 In 2007, several parties agreed that the noise contours for 

Christchurch should be updated to include new operational 

procedures and updated knowledge of future aircraft types.  

Marshall Day Acoustics, Airbiz, Yellow Hat Consultants and Airways 

were engaged to carry out a detailed study to determine future 

flight tracks, aircraft types and numbers of aircraft movements to 

provide the input for an updated INM study.  The work was carried 

out in consultation with Mestre Greve Associates from Seattle.  Most 

input parameters were agreed by the consultants however some 

inputs remained in contention.   

41 Later, in 2007 a panel of noise and aviation experts was formed to 

resolve the remaining ‘differences’.  Seven aviation and noise 

experts from NZ, Australia and the USA met together in a three day 
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workshop to find an agreed position on input data to be run in the 

INM.     

42 The people involved in the ‘Expert Panel’ were; Assoc Professor 

John-Paul Clarke (engaged by SDC & Chairman), Kevin Bethwaite 

(Airways), Chris Day & Laurel Smith (MDA, engaged by CIAL), Vince 

Mestre, Bill Bourke and Barry Malloch (engaged by Foster, the 

appellant in the then relevant Environment Court proceeding that 

had initially ‘triggered’ the expert panel process). 

43 The key issues for discussion were as follows: 

43.1 Flight tracks 

43.2 Runway utilisation 

43.3 Aircraft movements/capacity 

43.4 Fleet mix 

43.5 Future quiet aircraft 

43.6 Consideration of NZS 6805  

43.7 Modelling/measurement uncertainty. 

44 The flight tracks for the study were developed by Kevin Bethwaite of 

Airways and include the latest developments in navigational and fuel 

saving procedures.  Mr Bethwaite is a world leader in the field of 

airspace management.  

45 The airport capacity using the dual runway and Simops was 

originally determined by Airbiz to be 220,000 movements per 

annum.  Associate Professor J-P Clarke was of the view that the 

capacity was only 175,000 mpa.  

46 The fleet mix agreed by the expert panel includes the quietest 

aircraft that were known to be available in the next 20 years.  The 

mix did not included futuristic aircraft that are only in the conceptual 

design stage. 

47 The outcome from the panel was that the modelling approach used 

by the CIAL experts in the initial 2007 Study was adopted on 

virtually all issues (flight tracks, fleet mix etc) with the following 

modifications.  The airport company reluctantly agreed to a 

reduction in airport capacity from 220,000mpa to 175,000mpa. 

There were also some minor modifications to the approach profiles 

and an increased use of the cross wind runway.   

48 Marshall Day Acoustics subsequently ran these agreed input 

parameters in the ‘then current version’ of the INM to produce the 
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updated noise contours.  These revised contours are sometimes also 

referred to as the ‘Expert Panel’ contours or the ‘175k’ contours. 

49 The contours thus, represent the best possible prediction of future 

airport noise levels that was available at that time. The ‘Expert 

Panel’ was just that – the largest collection of experts on aircraft 

noise prediction that has been assembled in New Zealand.   

Area of Influence 

50 The updated airport noise contours are general shorter along the 

main flight tracks to the N-E, S-W and N-W but slightly wider along 

the eastern side of the airport.  This change in shape, has resulted 

in some landowners now finding their properties are no longer inside 

the contour and some others are now within the area. 

51 It is interesting to note that the total area of land covered by the 50 

dB Ldn airport noise contour has reduced from 173 km2  to 131 

km2  ie the updated contours are significantly smaller than the 

previous City Plan contours (1994 study).  This reduction in overall 

area (and subsequent reduction in future noise impact on the 

community) was primarily due to the replacement of older noisier 

aircraft with newer quieter technology and slightly due to 

improvements in the INM modelling.   

52 The following Figure shows areas in green where the 50 dB contour 

has shrunk, and areas where the updated contour is larger, in red. 
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Figure 1  -  District Plan vs Updated 175k (50 dB Ldn contour) 

Current Noise Levels 

53 It is important to remember that all the noise contours discussed so 

far are future noise contours based on projections of future aircraft 

operations in 2025 or 2040.  The current noise levels produced by 

current aircraft operations are obviously less than the projected 

noise contours.  The current level of airport activity is approximately 

75,000 commercial movements per annum (mpa) (year 2014) and 

the projected contours are based on 175,000 mpa . 

54 Submitters to previous plan change and resource consent 

applications have often previously commented that they live inside 

the District Plan noise contours and they don’t find aircraft noise a 

problem.  What they have misunderstood is that the District Plan 

noise contours are for future airport activity where the number of 

aircraft movements will be almost  double the current operations. 

Noise Monitoring 

55 The Christchurch City Plan (Rule 1.3.5) requires the airport to 

comply with a noise limit of 65 dB Ldn at the future 65 dB Ldn noise 

contour and to carry out noise monitoring to confirm compliance. 
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56 Marshall Day Acoustics have been monitoring noise levels at 

Christchurch since 2008.  The noise levels have generally been 

measured for a period of three months at locations agreed through 

discussion with the Council.  Measured noise levels and annual 

compliance contours are published annually in a noise monitoring 

report.   

57 The reports show that the airport has complied with the City Plan 

noise limits each year.   

THE ENGINE TESTING NOISE CONTOURS  

58 The aviation industry has very strict procedure regarding the need 

to run an engine after maintenance before it can be used in flight.  

Routine or unplanned work on an engine will often require a period 

of idling or a short full power run of the engine. Therefore, the 

testing of aircraft engines is another noise generating activity that is 

vital to the operational viability of a commercial airport with 

scheduled flights.  However, night testing (i.e. between the hours of 

2300 and 0600) can only be performed on aircraft that are required 

to operate scheduled services in the morning.     

Development and Modelling of the Contours 

59 In order for appropriate engine testing noise controls to be proposed 

at Christchurch, it was recognised at an early stage that current 

noise emissions would need to be quantified.  Because engine 

testing involves multiple locations and variations in time, a spatial 

and temporal understanding of noise emissions was thus necessary.   

60 This led to the development of the Engine Testing Noise Monitoring 

Software (ETMS) that could calculate noise emissions at multiple 

receiver locations, based on actual records of engine testing that 

had occurred.   

61 In addition to this, the software and database records were used to 

model the worst case engine testing noise contours for various 

scenarios. 

62 Several sources of input data were required to develop the ETMS: 

62.1 engine testing activity data; and 

62.2 noise sources data, which includes: 

(a) manufacturers noise emissions data; 

(b) noise measurements; and 

(c) computer noise modelling.  

63 There are discussed further below. 
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Engine Testing Activity Data 

64 In order to be able to quantify community engine testing noise 

levels, in terms of what is occurring on a day to day basis and what 

has occurred in the past, it is necessary to know what engine testing 

activity has previously occurred.  

65 Records of night-time testing have been formally collated since late 

2010, and these specific details were incorporated into the ETMS to 

enable accurate noise calculations to be undertaken. 

66 Maintenance staff record a detailed set of information including the 

type of engine testing activity, aircraft model, date and time, wind 

direction, and speed, duration of each engine ‘on’ time, power 

setting and aircraft orientation, as well as the location of the test. 

This data is then sent to CIAL for their records and entered into the 

ETMS by Marshall Day Acoustics.  These records are then used to 

calculate community noise exposure for different locations using the 

ETMS. 

67 It is noted that until 2015 only tests carried out by Air New Zealand 

engineers were recorded, and that daytime tests were not being 

regularly recorded.  This means that in some cases engine testing 

events, particularly the daytime Antarctic ground run events were 

not input automatically into the database.  Daytime records are now 

being collected.   

Noise Source Data 

68 An essential component of the ETMS calculation procedure is a 

detailed knowledge of the noise level emission levels of each aircraft 

type.   This information includes noise level and directivity patterns 

and a variety of engine settings for each aircraft.  This data has 

been collected via noise measurements at Christchurch and 

elsewhere, in conjunction with noise emission data sourced from 

aircraft manufacturers. 

69 Manufacturers Noise Emission Data 

69.1 For each type of aircraft on which engine testing occurs at 

Christchurch, noise level emissions data has been sourced 

through a literature review and discussions with the 

manufacturers, the main exceptions being the B757 and P3 

Orion.  

69.2 Data for these two aircraft types were not available at the 

time of the ETMS development.  Because of the limited 

number of tests that occur for these aircraft types estimates 

of the noise emissions have been used.  Any inaccuracies in 

these estimates are not expected to significantly affect the 

overall community noise levels.  Detailed data for the C130 

Hercules has been added in the last year. 
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69.3 Noise emission data comprises noise level measurements in 

polar plot form, for various engine types and under various 

thrust settings.  This enables a fully comprehensive set of 

noise emissions data to be used.  All manufacturer noise 

emission data is based on-site noise measurements of 

aircraft, with measurements occurring under reference 

meteorological conditions and at reference microphone 

positions. 

70 Noise Measurements 

70.1 Marshall Day Acoustics has undertaken a number of noise 

measurements in close proximity to various aircraft engine 

test events at Christchurch and these have been 

complimented by measurements at locations in the 

community.  These noise level measurements have been used 

to ensure that the manufacturers’ data is accurate, and 

represents actual engine testing noise levels in practice.  The 

noise measurements ensure that noise emissions data used in 

the calculations is accurate. 

71 Computer Noise Modelling 

71.1 Computer noise modelling was then employed to calculate 

community noise exposure levels for a number of different 

scenarios.  The noise levels calculated at the initial stage was 

sound pressure levels at the 16 receiver locations. 

71.2 The verified noise emissions data was used in noise modelling 

software to calculate noise levels for each possible engine 

testing scenarios at each receiver location.  The purpose of 

this is develop a database of noise levels received at each 

location for each scenario so that differing noise exposure 

levels in the community can then be calculated. 

71.3 Each scenario is based on a specific: 

• Aircraft type 

• Power setting 

• Orientation 

• Location  

71.4 Based on these parameters there are more than 300 

operating scenarios which have been calculated. 

71.5 Computer noise modelling was carried out using SoundPLAN, 

an internationally recognised computer noise modelling 

software package.  
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71.6 In summary, a digital topographical model of the area of 

interest was entered into SoundPLAN together with locations 

of the noise sources (noise levels have been predicted in 

accordance with the algorithm detailed in ISO9613-2: 1996- 

Acoustics – Attenuation of sound during propagation outdoors 

– Part 2: General method of calculation (ISO9613) as 

implemented in SoundPLAN.  

71.7 ISO9613 considers a range of frequency dependent 

attenuation factors, including spherical divergence, 

atmospheric absorption, ground effect, acoustic screening and 

directivity effects.  It assumes meteorological conditions 

favourable to propagation from sources (downwind at wind 

speeds 1 -5 m/s in all directions), and as such, calculates 

slightly conservative sound levels. 

71.8 The directivity effects that have been included are taken from 

the manufacturers’ noise emission data, with the exception of 

the C130, which has been developed using directivity data 

from INM ground run up calculations. 

Engine Testing Noise Monitoring Software (ETMS) 

72 The calculated sound pressure levels for each one of the above 

operating scenarios are then compiled into a database in the ETMS.  

It is the ETMS that is then used to calculate community noise 

exposure based on this noise level database and the historic records 

of time/duration of each operation activity. 

73 The Engine Testing Monitoring Software has been developed by 

Marshall Day Acoustics for CIAL. It is similar in concept to the 

software used to show compliance with the general aircraft noise 

emissions (INM) in that it is based on the records of the actual 

engine testing that has been carried out. 

74 As discussed above, aircraft maintenance staff  record a detailed set 

of test information (including of the type of engine testing activity, 

aircraft model, date and time, wind direction, and speed) into  the 

software so that the noise exposure levels can be calculated in the 

nearby community. It is intended that the ETMS will be used as the 

basis for on-going monitoring and reporting of compliance with the 

proposed District Plan rules, following them being made operative. 

75 In summary the ETMS was used to calculate community noise 

exposure using the following methodology: 

• Marshall Day Acoustics reviewed all engine testing activity at 

CIA between January 2011 and December 2014, which 

included the various aircraft locations and orientations; 

• 16 representative receiver locations around the airport were 

used, to ensure noise levels were assessed with an 

appropriate spatial representation; and 
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• At each receiver location the worst case week (from all weeks 

January 2011 - December 2014) of noise levels was 

calculated. The worst case week was in some cases different 

for each receiver, depending on the location of engine testing 

activity relative to that receiver. 

Engine Testing Noise Contours 

76 The ETMS was used to calculate worst case historic noise emissions 

between 2010 and 2014 so that the extent of community noise 

impact could be determined, and appropriate noise controls 

developed. 

77 Using this data, the worst case noise levels at each location were 

reviewed to ascertain what engine testing activity was responsible.  

This activity was then entered into SoundPLAN noise modelling 

software to calculate a set of worst case noise contours for each 

location. 

78 This set of worst case noise contours was then overlaid on a map 

and the outer extent of each contour was drawn, creating one 

overall worst case Christchurch Airport engine testing noise contour. 

79 In addition to this, to account for expected growth over time of 

engine testing activity, an allowance of 60% growth was included.  

This is based on information provided by Air New Zealand, and is 

consistent with the expected growth of the general Airport 

operations.  This future growth is consistent with that allowed for 

under the expert panel general airport contours that were the 

subject of the Regional Policy Statement Plan Change 1. 

80 These noise contours became known as the Engine Testing Noise 

Control Boundaries (ETNCB). 

81 Following the analysis of the worst case noise level predictions, it 

was determined that daytime records had not been provided to MDA 

prior to 2015.  An extensive review by Air New Zealand and CIAL 

staff enabled collation of all daytime records previously missed.  

There were no daytime tests undertaken in the worst case weeks 

described above, so the original ETNCB remain valid.  I note also 

that daytime tests are 10 times less significant than night-time tests 

because of the nature of the Ldn metric.   

82 Further analysis was also undertaken specifically for Antarctic 

Operations.  All Antarctic tests occur during daytime, but it was 

recognised that these occur for significant durations on each 

occasion, and are often concentrated in a particular week.  Specific 

calculations of daytime worst case Antarctic operations show that 

noise exposure in the community was approximately 7 decibels 

lower than the ETNCB.  This is primarily due to the daytime nature 

of these tests, and that for the majority of the time the tests are 

conducted at idle power (lower noise levels). It is considered 

therefore that the ETNCB remain valid as a representation of the 
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worst case engine testing noise exposure at Christchurch (including 

daytime operations and Antarctic operations). 

COMMUNITY RESPONSE TO NOISE  

83 What level of airport noise is acceptable for residential activity?  The 

general philosophy is that there are no significant adverse effects 

from airport noise below 45 dB Ldn.  However, above 65 dB Ldn the 

adverse effects are generally agreed to be serious.  Clearly there is 

not a sudden point at which noise effects 'switch in’ — it is a sliding 

scale.  This sliding response is shown by the research into 

community response to noise. 

84 In 1978 Schultz (ref 1) combined the results of 11 different 

community response studies to produce a curve of the percentage of 

people highly annoyed versus transportation noise level Ldn. The 

studies involve the number of different transportation noise sources 

(trains, road traffic and aircraft etc).  The Shultz curve is shown in 

Figure 2 below as the thick ‘dashed’ curve. 

85 I was involved with a review of the New Zealand Standard NZS6805 

during its drafting and the Schultz curve was used in the 

development of the land use planning guidelines in the Standard. 

86 In the 1990’s, Bradley [ref 2] combined the results of a number of 

specifically aircraft noise studies, to provide a relationship for 

community response to airport noise.  The resulting graph (Figure 2 

below), shows the various individual airport studies and the overall 

‘Bradley Mean Trend’ for all studies. 

 

Figure 2 - Community Response to Aircraft Noise (Bradley ref2) 
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87 A later synthesis by Miedema 1998 [ref 4] of further research at 

additional airports, shows slightly lower levels of annoyance (Figure 

3 below).  Miedema updated this work in 2001 [ref 6] and the 

resultant annoyance curve showed a slightly higher level of 

annoyance than the 1998 study (11% vs 9% HA at 55dB Ldn).2   

88 In 2002, Taylor Baines and the Christchurch City Council carried out 

a detailed study of community response to different types of noise 

in various areas of Christchurch.3  Taylor Baines used a paper by 

Fields [ref 5] to ensure the community response questions were 

consistent with those used in the overseas research.  The study 

analysed responses from approximately 450 houses exposed to 

aircraft noise levels from 45 to 67 dB Ldn.  

89 Marshall Day acoustics analysed the data gathered during the Taylor 

Baines study to produce a trend line demonstrating the percentage 

of people highly annoyed by aircraft noise for Christchurch for 

comparison with the overseas research.4 

90 The results of the Christchurch analysis are shown below in Figure 3 

along with the Bradley (1996) and Miedema (1998) studies 

discussed above.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                            
2  See Affidavit of Chris Day filed at the Residential hearing 22 April 2015.  

3  Exhibit 15, Residential hearing.  

4  See affidavit of Chris Day dated 22 April 2015 for explanation of 
methodology and raw data.  
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Figure 3 - Community Response to Aircraft Noise 

(Christchurch) 

91 Figure 3 shows the characteristic spread of results for a community 

noise survey showing the highly variable response within the 

population.  However, the ‘Christchurch Trend Line’ (blue line) 

shows an exponential ‘best fit’ curve of the summed data. 

92 This trend line shows that Christchurch people in the lower noise 

areas (Ldn 45 to 55 dBA) are more annoyed than the synthesis of 

surveys from overseas – Bradley and Miedema.  For people living in 

Christchurch, the study shows 10% to 15% of people are highly 

annoyed in the 50 to 55 dB Ldn area. By comparison, the overseas 

studies show 3% to 12% of the population are highly annoyed in 

this noise band.   

93 Appendix B provides a graph from the Miedema 2001 study which 

shows that aircraft noise is noticeably more annoying than both road 

traffic noise and rail noise. 

94 The 1994 noise contours and land use planning controls starting at 

50dB Ldn were adopted in the notified Christchurch District Plan in 

1995.  There were also a number of unsuccessful applications for 

noise sensitive activities inside the 50dB Ldn prior to the Taylor 

Baines study in 2002 (notably Gargiulo 2000).5  The adoption of the 

50dB Ldn protection in the 1990s was based on the overseas 

community response data.  

95 In my opinion, both the Christchurch data and the overseas data 

confirm that the 50dB Ldn plus environment is not a sensible 

location for new noise sensitive activities, if it can be easily avoided. 

LAND USE PLANNING CONTROLS 

96 Land Use Planning can be an effective way to minimise population 

exposure to noise around airports.  Aircraft technology and flight 

management, although an important component in abating noise, 

will not be sufficient alone to eliminate or adequately control aircraft 

noise.  Uncontrolled development of noise sensitive uses around an 

airport can unnecessarily expose additional people to high levels of 

noise and can constrain, by public pressure as a response to noise, 

the operation of this significant resource. 

97 It is interesting to note that the New Zealand Standard’s starting 

point for new residential development located between the OCB and 

ANB is to prohibit it (unless the District Plan permits it subject to 

sound insulation).  Local authorities have approached this differently 

around the country but it is significant that Christchurch City have to 

date taken a ‘mid way’ position and have restricted densities in 

                                            
5  Garguilo v Christchurch City Council High Court, Christchurch AP32/00, 6 
March 2001.  
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conjunction with requiring sound insulation rather than out-right 

prohibiting new dwellings in this area (OCB to ANB).  

98 By way of comparison, Queenstown have prohibited new noise 

sensitive activities inside the OCB for rural land (existing entitlement 

within residential zones is allowed to proceed with mitigation).   

Historical Land Use Protection 

99 As stated earlier, the location of the OCB at most New Zealand 

airports is generally based on the projected 55 dB Ldn airport noise 

contour.  However, NZS 6805 does state in paragraph 1.1.4 that 

“This Standard shall not be used as a mechanism for downgrading 

existing or future noise controls…” 

100 The Waimairi section of the Transitional Christchurch District Plan 

has historically included a ‘Noise Exposure Line’ which is located 

near the projected 50 dB Ldn airport noise contour.   

101 If intensification were allowed inside the noise contours, this would 

be a significant ‘downgrading of the previously existing noise 

controls’. 

District Plan General Noise Limits 

102 Because other airports have generally not used 50dB Ldn as the 

onset of land use planning controls, 50dB Ldn may be seen as 

unusual or ‘highly conservative’.  By way of comparison, the 

operative City Plan sets the noise limit for protection of Living 1 to 4 

Zones as 49dB Ldn.6  This gives an indication of what the Council 

has seen as a reasonable ‘receiving noise level’ for the protection for 

residential amenity. 

103 I understand that in the rural zones the types of activities that are 

being considered include: 

103.1 Residential units; 

103.2 ‘minor residential units’ or family flats; and 

103.3 Farm stays. 

104 In my opinion, it is reasonable that all these uses should be 

protected to a level of 50dB Ldn from general noise sources.  It is 

therefore equally reasonable that these uses should not be allowed 

to establish next to an existing noisy activity at levels higher than 

50dB Ldn.   

                                            
6  Operative Christchurch City Plan, Volume 3, Part 11 Health and Safety, 
1.3 Specific Rules – Noise Control.  
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Complaints 

105 At these airport hearings I often hear, “But there aren’t many 

complaints at the moment” and “I live in this area and the planes 

don’t bother me”.   

106 There are a number of reasons for the lack of complaints about 

aircraft operational noise from Christchurch Airport.  Firstly, the 

historic land use planning has meant that there are relatively few 

people exposed to aircraft noise at Christchurch.  Secondly, people 

do not complain if they know their complaints are likely to have no 

effect.  If the airport is operating in its normal mode and they are 

annoyed, they know nothing can be done about the noise.  When 

the airport changes an operation (flight paths or runway length) 

then significant complaints can arise.  The recent trial in Auckland of 

alternative arrival procedures caused the number of complaints to 

jump from 2 per month to a maximum of 500 per month.  

107 The comments that “I live in this area and the planes don’t bother 

me”, overlook the fact that the noise contours (and thus land use 

planning) are based on future noise levels – not current noise levels.  

The number of aircraft movements in the ‘Expert Panel contours’ 

adopted, are over double the current movements.  

108 The Taylor Baines study shows that of the relatively few people 

exposed to current levels of aircraft noise at Christchurch there are 

a number who are ‘highly annoyed’ but are not complaining. 

SOUND INSULATION 

109 Some advocates of residential development in areas affected by 

aircraft noise have submitted that sound insulation fitted to 

proposed dwellings is sufficient on its own to avoid the adverse 

effect of noise and to protect the interests of the Airport.  I 

understand the argument to be, that sound insulation provides 

sufficient mitigation, regardless of the population density of the land 

involved.  In my opinion, this assertion, that sound insulation is all 

that is required to prevent reverse sensitivity effects, is incorrect for 

a number of reasons.  

110 Firstly, the level of sound insulation required in the 50 to 60 dB Ldn 

area is provided by a standard house.  No additional construction 

techniques or materials are required in this area. However, 5% to 

18% of the population is typically highly annoyed by aircraft noise in 

this environment, even though they have the opportunity to close 

their windows and achieve ‘WHO satisfactory noise levels’ inside.  

This is why sound insulation, on its own, is insufficient and land use 

controls in the form of density restrictions are the only real form of 

mitigation available in this case. 

111 Secondly, houses exposed to aircraft noise, are likely to operate 

with their windows closed to reduce internal noise levels, 

particularly at night.  Three scenarios are then likely: 
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111.1 the windows are kept closed resulting in an unsatisfactory 

level of fresh air; or 

111.2 a ventilation system or air-conditioning system is installed to 

improve air quality at significant cost; or, 

111.3 the windows are left open resulting in an unsatisfactory noise 

environment. 

112 Each of these scenarios is likely to result in complaints from the 

residents.  It is interesting to note that residents involved in the 

Auckland Airport mediation forum were shocked to learn that they 

would have to shut their windows to achieve an acceptable internal 

noise environment. 

113 The third difficulty with sound insulation is that it does not deal with 

the outdoor noise environment. New Zealanders in general, enjoy 

an ‘outdoor’ type of lifestyle that includes barbecues and gardening.  

This is particularly the case in rural areas where people have more 

outdoor space and an expectation of enjoying it.  Again, an 

unsatisfactory external noise environment is a potential source of 

residential complaint with demands to reduce noise, affecting airport 

operations.  There has been a history in New Zealand of people 

moving into lifestyle blocks and complaining about noise from 

already existing activities within the rural zone e.g. bird scarers in 

vineyards.  Minimising the number of people affected by airport 

noise by restricting residential development is the most effective 

form of mitigation available in this case. 

114 As discussed earlier, sound insulation does not solve the problem for 

hospitals and education facilities as they are heavily reliant on open 

windows.   

115 As discussed earlier, the New Zealand Standard refers to sound 

insulation as a fallback mitigation measure.  In my opinion the 

Standard prefers to ‘avoid’ the effects of airport noise, ahead of 

mitigation.  Table 2 in the Standard states that new residential 

inside the OCB “should be prohibited unless a district plan permits 

such uses, subject to a requirement to incorporate appropriate 

acoustic insulation.”  

116 In my opinion, the issues set out above, highlight why partial 

mitigation through sound insulation is a much less desirable option 

to avoiding the effects of airport noise through appropriate land use 

controls.  Section 17 of the Resource Management Act states the 

duty to "avoid, remedy or mitigate" adverse effects.  However, in 

my opinion, 'avoiding' is the preferable option in this case. 

117 In terms of mitigation, it is worth noting that the airline industry as 

a whole, has spent billions of dollars mitigating noise from aircraft 

with the development of 'quiet technology' engines over the last 20 
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years.  Figure 6 below, shows the reduction in noise level for the 

different aircraft types over time. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 – Progress in Aircraft Noise Reduction 

 

118 The question was asked at the Residential Hearing, “What has 

happened with aircraft noise reduction since 1997 (the extent of the 

above graph)?”  Analysis of the ongoing noise monitoring at 

Auckland Airport shows that the recently released aircraft are not as 

quiet as had been anticipated – the A380 produces the same noise 

level as a B777 and the B787 Dreamliner produces approximately 

the same noise level as a B737.   

119 It is interesting to note that despite this very significant noise 

reduction achieved over 40 years that during this time there has 

been a significant increase in the noise restrictions placed on 

airports and flight procedures as shown in Figure 7 below prepared 

by Boeing.  

 

 

 

 

  



 23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7  -  Growth in Airport Noise Restrictions 

 

AVOIDANCE OF NOISE SENSITIVE ACTIVITIES WITHIN THE 

ENGINE TESTING NOISE CONTOURS  

120 I understand that CIAL has sought provisions which avoid noise 

sensitive activities within the 50dB Ldn Airport Operational Noise 

Contour and the 50dB Ldn Engine Testing Noise Contour.   

121 I understand that there is no express rule in the RPS for reverse 

sensitivity and amenity effects in respect of engine testing noise.  

However, the same principles apply in relation to the noise 

generated from on-wing engine testing at Christchurch Airport as 

they do for the aircraft operational noise discussed at length above.   

122 New noise sensitive activities should be avoided within the 50dB Ldn 

engine testing noise contour in the same way and for the same 

reasons as they should be avoided under the 50dB Ldn airport 

operational noise contour.    

CONCLUSION  

123 Christchurch Airport is in a unique position in that historically a 

buffer zone around the airport has been maintained to avoid the 
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adverse effects of aircraft noise on people and secondly, to provide 

protection for the airport against reverse sensitivity effects.   

124 However, it is not just the Airport that needs protection from 

reverse sensitivity effects – it is important to avoid unnecessarily 

exposing additional people to the adverse effects of airport noise. 

125 In my opinion, the land use planning provisions in the Christchurch 

Plan should be maintained to ensure intensification inside the airport 

operational noise contours and the engine testing contours is not 

allowed to occur to achieve both these objectives. 

 

 

 

Dated: 29 October 2015 

 

Christopher William Day  
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Appendix A – Terminology 

 

The noise contours discussed in this evidence are contours of equal 

"Day/Night Sound Level" (Ldn).   The following definitions may assist the 

understanding of Ldn contours. 

Sound Level 

LA  dB The A-weighted sound level is used for the measurement of most 

environmental sound.  It is an attempt to quantify the 'loudness' of a 

sound by applying an A-weighting to the frequency response of the sound 

level meter that attempts to simulate the complex response of the human 

hearing system. 

The A-weighted sound level in a typical urban environment will vary from a 

background noise level of around 45 dB with short duration peaks of 70 to 

90 dB due to aircraft movements (depending on the location relative to the 

airport). 

Noise Exposure  

Overseas research has found the noise exposure or noise energy to 

correlate well with subjective response to noise or annoyance.  It has been 

found that people are similarly annoyed by a high noise level operating for 

only a short period as they are by a moderate noise level operating for a 

longer period of time.  LAeq  and Ldn are both based on this ‘noise energy’ 

concept. 

LAeq  is the 'average' noise level over the measurement period (generally 

1 hour for airport noise).  Thus the noise from a number of single aircraft 

events is averaged to give a continuous 'equivalent' noise level, that has 

the same noise 'energy' as the total aircraft noise energy for the hour. 
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Figue A.1  -  Leq,1hr  from a number of aircraft noise events 

Ldn  The Day/Night Sound Level (Ldn) is calculated as the average of the 

24, one hour LAeq with a 10 dB penalty applied during night time (10 pm to 

7am). 

 

 

Figure A.2 – Calculation of Ldn from 24x Leq,1hr 

Single Event Noise 

LAE  The Sound Exposure Level (LAE or SEL) is a noise metric used to 

measure the noise energy of a single event such as the take-off of an 

aircraft.  It is defined as the noise level of one second duration which 

would have the equivalent noise energy as the actual event.  For example, 

if a noise source produced a steady A-weighted noise level of 75 dB for 10 

seconds, the LAE of that event would be 85 dB. 
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Figure A.3  -  SEL and Lmax for Single Event Noise 
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Appendix B  -  Miedema and Oudshoorn (2001) 

Annoyance due to Aircraft Noise, Road Traffic Noise and Rail Noise 

 

 

 

 

 


