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Abstract: Aircraft noise potentially disturbs (or annoys) the daily activities (such as 
communication and relaxation) of residents living in the vicinity of airports. This particular 
type of annoyance undermines quality of life and can be a cause of stress. Evidence is 
emerging that appears to associate some forms of health risk with this stress. This research 
aims at developing a better understanding of the impacts of aircraft noise on community 
health and well-being. This paper presents the results of exploratory data analysis from a pilot 
survey and a social survey of 704 residents’ responses (47% response rate) in Sydney that 
include people living close to the airport and a matched control group (not affected by aircraft 
noise). The paper also describes the development of a new noise metric, which has been 
termed the Noise Gap Index (NGI), to incorporate other background environmental noise and 
to describe and assess the impacts of aircraft noise on the health and well-being of residents. 
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1. INTRODUCTION 
 
Major commercial airports promote the air transport industry and generate positive economic 
benefits to the airport and its host economy. However, external costs are associated with these 
benefits. Any increase in aircraft movements causes negative environmental impacts, 
especially noise pollution. The effects of aircraft noise on the health and well being of the 
community must be understood before devising strategies and counter-measures. The concept 
of life quality – a multidimensional construct - is increasingly important in socio-economic 
research, an we follow the WHO definition that health includes physical, psychological and 
social well being. 
 
This research develops a better understanding of the impacts of aircraft noise on community 
health and well-being, by seeking to answer two core questions: “Are health related quality 
of life worse in community chronically exposed to aircraft noise than in community not 
exposed?” and “Does long-term aircraft noise exposure associate with adult high blood 
pressure level via noise stress as a mediating factor?” The research also aims to develop a 
new noise metric to describe and assess the impact of aircraft noise on the health and well-
being of residents. The noise parameter is termed the Noise Gap Index (NGI) that 
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distinguishes between aircraft noise and background environmental noise in a novel manner. 
It has been developed on the assumption that people living in areas of different background 
noise may have different reactions to the same aircraft noise level. 
 
This paper describes the methods that we have used in addressing these core questions of 
aircraft noise metrics and noise and self-assessed community health and well-being. Section 2 
describes the health survey questionnaire, survey administration, the pilot study, the selection 
of the residential study areas, sample size, and the noise measurement recorded at 30 
locations around Sydney airport. The results of both kinds of analyses are presented in 
section 3. We limit the presentation to matter of response rates and descriptive statistics of the 
noise affected and the matched control group (no aircraft noise) respondents. The analysis of 
the aircraft noise levels and the Noise Gap Index (NGI) are also given in this section together 
with an interpretation of the association between noise annoyance and the Noise Gap Index. 
Section 4 discusses the significance of this research. Finally, suggestion of further research is 
set out in Section 5.  
 
 
2. METHODS 
 
2.1 Questionnaire 
 
This research employs a cross-sectional study with a matched control group as an 
epidemiological method. Subjective health outcomes are measured by a questionnaire. No 
medical laboratory or experimental tests on people have been undertaken. The questionnaire 
has been developed from an international, well-established questionnaire instrument that 
measures seven major characteristics of each subject: 1) health related quality of life 
(HRQoL); 2) hypertension condition; 3) noise stress; 4) noise sensitivity; 5) noise annoyance; 
6) demographic characteristics; and 7) confounding factors. Some scales of the medical 
outcome study (MOS) 36-item short form (SF-36, v.2) (which are physical functioning, 
general health, vitality, and mental health) have also been added to our research instrument to 
measure HRQoL. For each health measure, a summary score in the range of 0 to 100 was 
obtained with the SF-36 algorithm, with a higher score implying a more positive health 
status. Table 1 provides the interpretation of the lowest and the highest scores of those 
selected SF-36 scales. 
 

Table 1. Interpretation of Lowest and Highest Scores of Selected SF-36 Scales 

Lowest Possible Score Highest Possible Score
Very limited in performing all Performs all types of physical activities

Physical Functioning physical activities, including including the most vigorous without
(PF) bathing or dressing limitations due to health

General Health Evaluates personal health as Evaluates personal health as excellent
(GH) poor and believes it is likely

to get worse
Vitality Feels tired and worn out all Feels full of pep and energy

(VT) of the time all of the time
Mental Health Feelings of nervousness and Feels peaceful, happy, and

(MH) depression all of the time calm all of the time

Definition

 
(source: reproduced from Ware and Shebourne, 1992, Table.1, p.475). 
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A set of close-end question for assessing hypertension has been developed for this research. 
“Have you ever been told by a doctor or nurse that you have high blood pressure sometimes 
called hypertension” (1) Yes (2) Yes, but only temporarily (3) No, and then “If YES, do you 
currently have high blood pressure? (1) Yes (2) No. It is evident that the history of 
hypertension of parent(s) and cholesterol level are related to hypertension. Therefore, to 
prevent the distortion effects from those variables, this research developed the close-end 
questions for assessing this history of hypertension of parent(s) and high cholesterol status. 
“At any time in the past, have either of your parents ever been told by a doctor or nurse that 
they have high blood pressure sometimes called hypertension? (1) Yes (2) No (3) Don’t 
know. “Have you ever been told by a doctor or nurse that you have high cholesterol? (1) Yes, 
and currently have (2) Yes, but already healed (3) No. 
 
We hypothesize that long-term aircraft noise exposure can potentially create chronic stress 
which may cause a persistent increase in stress hormone level and blood pressure which are 
risk factors in hypertension. An environmental noise stress scale with 12 months recall period, 
therefore, has been developed. The noise stress scale consists of four items. Each item has 
equal contribution to the scale without any weighting factor. The phase “noise pollution (for 
example, transport noise, industrial noise and community noise)” was used instead of 
“aircraft noise pollution” to protect any attitude bias from the respondent about the noise 
source. The reliability of the proposed environmental noise stress scale was tested in the pilot 
study. 
 
Noise sensitivity is a factor related to personal vulnerability and intervenes between noise 
exposure and annoyance (Stansfeld, 1992). Theoretically, noise sensitivity has a two-way 
relation with stress. Noise sensitive people have a low capability to cope with a noise 
stimulus leading them to get more stressed than normal. Stress itself makes people less 
tolerant to an unwanted sound, or more sensitive to noise than people who are more mentally 
calm. Some health problem(s) are assumed to have either a positive or negative effect to 
noise sensitivity factor. For example, people who have psychiatric illness are most likely to 
be more noise sensitive than normal and people who have an auditory deficiency are less 
sensitive to noise because of the lack of their hearing ability. The noise sensitivity scale 
developed by Weinstein (1978) (called Weinstein scale) is one that has been referred to by 
the most international publications. The Weinstein scale consists of a comprehensive set of 
twenty-one items asking about how people feel about noise at home, in a library, in cinemas 
or in the work place. The original version of the Weinstein scale was considered too lengthy 
for this research especially when it is combined with the other scales. Therefore, ten items 
were carefully selected as they are considered more functional to the study than the remaining 
items. The higher the noise sensitivity score then the more noise sensitive people are. The 
reliability of those selected items was also tested by the pilot study. 
 
This research adapted standardized noise reaction question for community noise survey 
developed by Fields, et al (2001). The modified annoyance measurement consists of two 
sections. Each section consists of two questions assessing annoyance from traffic noise and 
aircraft noise to protect attitude bias of respondent to the noise source. The first section 
measures annoyance of subjects from daily activity disturbances (during the past 12 months) 
when they are at home. The second section asks people to consider all items from the first 
section and rate their overall annoyance from each noise source by using opinion scale (0 – 
10) where zero means not at all annoyed and ten means extremely annoyed. 
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The questionnaire has been designed to capture all potential confounders in an association 
between health and aircraft noise. The confounder questions such as employment status, 
exercise activities, smoking status, alcohol consumption, nutrition and demographic 
characteristics have been adapted from the Australian Bureau of Statistics (ABS, 2002). 
Some confounder questions have been designed specifically for this research. For instance, a 
question measuring smoking status of other member of house has been included to eliminate 
the impact of passive smoking. A question asking how long has the respondent lived in 
his/her house has been developed to satisfy the research assumption that long-term aircraft 
noise exposure has negative impacts to human health. A noise-confounding question (which 
is “Have you recently insulated your house from noise?”) was included into the questionnaire 
to eliminate the effect from acoustic insulation (which has been a feature of the noise 
management plan at Sydney Airport following the opening of the Third Runway in 1996). 
 
2.2 Survey Administration 
 
Initially, this research proposed postal self-administered with follow-up letters and pick up 
procedures as a health survey administrative technique. Nevertheless, the pilot study 
recommended the withdrawal of the pick up procedure because it was time-consuming and 
ineffective in improving the response rate (Issarayangyun, et al 2003). The procedures in 
designing the cover letter and the follow-up letter are based on the guidelines developed by 
Dillman (2000). Figure 1 illustrates the time diagram for the health survey procedures. An 
envelope is a first thing received by a resident who may decide to open it or just throw it 
away as a junk mail. To limit the later case, this research employed a university pre-paid 
envelope because it is looks formal and trustful. An enclosed pre-paid envelop was aimed to 
encourage the respondent to return the completed questionnaire. The cover letter was 
designed to persuade the resident to participate in the survey. The first follow-up letter was 
designed as either an appreciation of cooperation or as a reminder letter for a late reply. The 
second and third follow-up letters was designed to elicit a response by encouraging 
unresponsive respondents to complete and return the questionnaire. 
 
 
 
 
 
 
 
 
  

Figure 1. Time Diagram of the Health Survey Procedures 
 
2.3 Pilot Study 
 
Health survey administrators test the performance of their proposed survey procedures and to 
identify any possible mistake(s), or unpractical procedure(s), before the commencement of 
the main survey. The pilot test simulates all the proposed survey procedures but with much 
smaller sample size than the main one. A pilot study is required as it can increase both 
reliability and validity of the survey procedure. This research assigned a small residential 
suburb located on the south of Sydney Airport as a case study for the pilot test with sample 
size of one hundred (Issarayangyun, et al 2003). 
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The reliability of the noise stress scale and the noise sensitivity scale were checked by the 
Cronbach Alpha method. The alpha values of the noise stress scale and the noise sensitivity 
scale are 0.931 and 0.903, respectively, which are considered too high and result in high level 
of item redundancy of both scales (higher than 0.9). Therefore, the pilot study recommended 
the exclusion of some noise stress items and noise sensitivity items (Issarayangyun, et al 
2003). 
 
2.4 Study Population 
 
The Sydney (Kingsford Smith) Airport has been selected as a case study. The areas exposed 
to aircraft noise from Sydney Airport are widespread around the Sydney Region due to Long 
Term Operating Plan (LTOP) at the airport (Airservices Australia, 1996). Therefore, only the 
highly exposed areas where the average annual day of N70 is higher than 50 events per day 
were selected as the study population for the aircraft noise exposure area. The N70 is the 
number of aircraft noise events that are louder than 70 dB(A). The threshold level of 70 dB(A) 
was chosen because, approximately, it will then be 10 dB(A) attenuated by the structure of 
house (with open windows) and that 60 dB(A), or above, is the indoor sound pressure level of 
a noise event that is likely to interfere with conversation or with listening to the radio or the 
television (DoTARS, 2002). The 2003 daily average N70 contour map around Sydney 
Airport has been obtained from Airservices Australia, Canberra. The study population for the 
aircraft noise exposure area has been defined as shown in Figure 2. 
 

 
 

Figure 2. Aircraft Noise Exposure Study Population Defined by the N70 Contours 
 
The matched control area means the area where the socio-economic status is matched with 
the exposure area and controlled for the exposure. Suburbs located outside of the flight paths 
were selected by visual inspection from Sydney Airport’s Track Plots provided by 
Airservices Australia. Socio-economic indices (called Socio-Economic Indices for Areas, 
SEIFA) (Trewin, 2001) of these selected suburbs were then compared with the study 
population of the aircraft noise exposure area by using nonparametric test (Mann-Whitney U). 
Finally, suburb of South Penrith located in the western suburbs of Sydney (approximately 55 
km from Sydney Airport) was chosen as a matched control group for this research. 
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2.5 Sample Size 
 
To estimate the sample size required for the main survey, two factors were considered: the 
expected response rate and the statistical power of the health measures. Although the SF-36’s 
developer recommended sample sizes needed to detect point differences of various study 
designs, the appropriate design for this research (study designed to detect difference between 
two non-experimental group means) was not been provided. Two designed studies provided 
by the SF-36’s developer that are the most relevant were considered: (1) study designed to 
detect differences between two non-experimental groups (repeated measures design); and (2) 
study designed to detect differences between a group mean and a fixed norm. Based on Ware 
et al (1993, table 7.6 and 7.8), the former study designed requires a larger sample size than 
the latter one. Therefore, this research conservatively applied the first design (see Table 2). 
Although the SF-36’s developer recommended the smallest point difference (2-point) is 
suitable for a study designed to measure health outcomes on a population basis, this research 
selected a 5-point difference as a practical number of point difference to estimate the required 
sample size because of research budget constraints. The 5-point difference is appropriate for a 
study designed to define differences that are clinically and socially relevant. 
 
In accordance with the pilot study (Issarayangyun, et al 2003), the expected valid-response-
rate of the health survey procedure (see Fig.1) was 50%. Consequently, the required sample 
sizes per group for the main survey would be 274 (estimated sample size needed to detect 5-
point difference) divided by 50% (expected response rate), which yield 548 subjects. The 
total sample size required for the main survey is 1,096 subjects. Nevertheless, this research 
improved the statistic power by increase sample size for each group to 750 subjects. The total 
sample size becomes 1,500 subjects. Every home address (excluding apartments, commercial 
buildings, addresses for sale or lease, and abandoned addresses) located in local traffic area 
(see section 2.6) in the study population were observed by the first author to minimize the 
address error. The study sample was randomly chosen by a computer to ensure an equal 
chance of selection. 
 

Table 2. Sample Size Needed per Group to Detect Point Difference between Two Non-
Experimental Groups, Repeated Measure Design (source: Ware et al, 1993, table 7.6, p 7.11). 

 

Scale 2 5 10 20
Physical Functioning PF 1705 274 69 18
General Health GH 1308 210 53 14
Vitality VT 1385 222 56 15
Mental Health MH 1030 165 42 11

Number of Points Difference

 
 
2.6 Noise Measurement 
 
The current practice in quantifying aircraft noise may be a cause that retards the resolution of 
aircraft noise problems. The sound equivalent energy technique with time-of-day weighting 
(such as Australian Noise Exposure Forecast (ANEF)1 and Day-Night Average Sound Level 
(DNL)2) was designed for land use compatibility advice and regulation around commercial 
and military airports, but it has been widely interpreted as a metric correlated with 
community annoyance. Numerous reports (SSC, 1995) have criticized its application to the 
                                                 
1 See http://www.airservicesaustralia.com.au 
2 See Horonjeff and McKelvey, 1999, 729-731 
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study of community reaction to the effects of aircraft take-offs, landings, and over-flights.  
Alternative metrics include number of event above a specified noise level (NA). 
 
The noise investigation component of this research centered on Sydney Airport. It involved 
determining, in a variety of residential areas, both typical ambient noise levels along with the 
noise levels associated with aircraft over flights. For these noise data to suit the requirements 
of the research program, the effects of non-aviation noise sources had to be minimized. 
Consequently, noise stations were set up in randomly selected households that were mostly 
located in what could be termed local traffic areas. Households located close to railway lines, 
industrial areas and major highways were excluded. 
 
Noise data were collected by the first author at 26 stations located around Sydney Airport and 
3 stations in the control area from 7am to 6pm on various days from October 2003 to 
November 2004. Noise measurements during night-time hours were avoided due to possible 
safety fears for the recorder (all surveys conducted under the authority of the University of 
New South Wales must have approval from Committees on Ethics and on Occupational 
Health and Safety). Whereas it is possible different results could be obtained if longer 
duration measurements had been undertaken beyond 6pm in the evening, we feel this effect 
to be small as there is a night-time curfew in operation at Sydney Airport.   
 
Twenty-minute samples per hour were measured using a Bruel and Kjaer sound level meter 
Type 2236. It was mounted in front of each residence 1 m from the nearside lane of traffic 
and at least 1 m from the façade (AS 1055.1-1997). Several environmental noise indices were 
recorded throughout each measurement period. Note that, the definitions of environmental 
noise indices stated in this paper can be found in AS 1055.1-1997. In addition, the noise 
sources and events heard by the recorder were manually noted. The primary index of interest, 
particularly in quantifying the background environmental noise, was the LAeq because it 
would be used subsequently to develop a new parameter termed the Noise Gap Index (NGI). 
This parameter distinguishes between aircraft noise and background environmental noise in a 
novel manner that is necessary to assist the exploration of our core research questions. The 
NGI is based on the assumption that people living in areas of different background 
environmental noise level may have different reactions to the same aircraft noise level. 
 
To quantify the aircraft noise levels for input into the NGI, a suitable aircraft noise index was 
required. A Number-Above (NA) metric was selected for this purpose according to 
recommendations provided by the Australian Department of Transport and Regional Services 
(DoTRS) (Issarayangyun, et al 2004). Comparisons between the NA of aircraft noise and the 
LAeq,T of  background noise could not be made directly because of the inherent differences 
between these two indices. The NA of aircraft noise would need to be transferred into an 
index measured in dB(A). Consequently, the concept of the day-night average sound level 
(DNL) was adapted to overcome this problem. The DNL also employs the concept of energy 
sound equivalent but use the sound exposure level (LAE) as the single-event sound level 
descriptor with time of the day weighting factors. Nevertheless the time of day weighting was 
ignored because the measurement periods did not cover night-time periods. Therefore, the 
adjustment factor of the time interval was varied depending on the background environmental 
noise time interval (Tk), as explained in section 3.5.  
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3. RESULTS 
 
3.1 Response Rate 
 
A total of 796 samples were returned, of whom 704 filled in the questionnaire. The number of 
responses from subjects in the control group was a little bit lower than from the noise 
exposure area. This might reflect the lack of relevance of a questionnaire about aircraft noise 
in daily life of subjects in the control area. The total response rate was slightly lower than the 
expected response rate of 50 percent. 
 

Table 3. Return Rate by Study Groups 
 

 

Noise Exposure Group Control Group Total Percentage
Response 372 332 704 47%
Refuse 36 56 92 6%

342 362 704 47%
750 750 1500 100%

Return

Not Return
Total  

 
 
3.2 Demographic and Socio-economic Status of Samples 

 
Table 4 compares the demographic characteristics and socioeconomic status of both study 
groups. In the total sample, age ranges from 15 to 87. The distributions of age were 
considered normal in both groups with no outliers. The mean age of the control group was 
approximately four years higher than the noise exposure group. From student t-test, it was 
found that this difference was statistically significant (p-value = 0.001). This might reflect the 
higher percent of “not in labour force” of subjects in the control group. In the control group, 
66.1 percent of the sample was female, which is 10.1 percent higher than in the noise 
exposure group. And a chi-square test revealed that this difference was significant (p-value = 
0.009). 
 
In terms of socioeconomic status, subjects in the noise exposure group seem to have a higher 
education (p-value < 0.001) and better employment status (p-value = 0.003) than the control 
group. However, both groups were similar in term of household income (p-value = 0.451). 
The consumption of alcohol (p-value = 0.623) and salty food (p-value = 0.135) of subjects 
from both groups were not significantly different. Subjects in the noise exposure group seem 
to smoke more tobacco (p-value = 0.014) than the control group. In the control area, subjects 
took less exercise (p-value = 0.034) than in the noise exposure area. Therefore, the 
percentage of obesity in the control area was considerably higher (p-value = 0.006).  
 
Other researches have noted the problem of obesity in suburban life styles (Vandegrift and 
Yoked, 2004). The marital status between both groups was significantly different (p-value < 
0.001). Not surprisingly, there was only 2.8 percent of the sample in the control group that 
has insulated their house from noise. Around 37% of houses in the noise exposure group have 
been insulated from noise. This is a result of a noise management plan (called Sydney Airport 
Noise Insulation Project, SANIP) at Sydney Airport following the opening of the Third 
Runway. 
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Table 4. Demographic Characteristics and Socioeconomic Status by Study Groups 
 

Variable Noise Exposure Group Control Group p-value
Mean age (year) 46.63 (SD=15.57) 50.85 (SD=15.22) 0.001
Sex (% female) 190 (56.0%) 209 (66.1%) 0.009
Body Mass Index 0.006
     Obesity 55 (16.2%) 81 (25.6%)
     Overweight 104 (30.7%) 90 (28.5%)
     Acceptable weight 132 (38.9%) 91 (28.8%)
     Underweight 25 (7.4%) 18 (5.7%)
Education <0.001
     Bachelor degree or higher 118 (34.8%) 37 (11.7%)
     Certificate - Diploma 106 (31.3%) 144 (45.6%)
     High school or lower 108 (31.9%) 131 (41.5%)
Employment status 0.003
     White collar 167 (49.3%) 118 (37.3%)
     Blue collar 50 (14.7%) 64 (20.3%)
     Unemployed 19 (5.6%) 13 (4.1%)
     Not in labour force 94 (27.7%) 119 (37.7%)
Marital status <0.001
     Married/De facto 186 (54.9%) 219 (69.3%)
     Widowed/Divorded/Separated 55 (16.2%) 64 (20.3%)
     Never married 93 (27.4%) 29 (9.2%)
Smoking status 0.014
     Current smoker 76 (22.4%) 44 (13.9%)
     Ex-smoker 98 (28.9%) 108 (34.2%)
     Never smoke 149 (44.0%) 153 (48.4%)
Alcohol consumption 0.623
     High 54 (15.9%) 43 (13.6%)
     Low 186 (54.9%) 183 (57.9%)
     None 68 (20.1%) 68 (21.5%)
Exercise activity level 0.034
     High exercise 59 (17.4%) 40 (12.7%)
     Moderate exercise 77 (22.7%) 66 (20.9%)
     Low exercise 134 (39.5%) 122 (38.6%)
     Sedentary 58 (17.1%) 82 (25.9%)
Household weekly income 0.451
     Over AUD$2,000 33 (9.7%) 22 (7.0%)
     AUD$401 - AUD$1,999 225 (66.4%) 214 (67.7%)
     Under AUD$400 68 (20.1%) 66 (20.9%)
Acoustic Insulation <0.001
     Yes 126 (37.2%) 9 (2.8%)
     No 198 (58.4%) 286 (90.5%)
Nutrition 0.135
     Salty food 54 (15.9%) 65 (20.6%)
     No salty food 277 (81.7%) 246 (77.8%)  

 
 
3.3 Health and Related Measures 
 
Table 5 summarizes the descriptive statistics of health and related measures of subjects 
between study groups. From Table 5, it appears that most of the health measures of the noise 
exposure group were lower than the control group, implying that the HRQoL of subjects from 
noise exposure group was worse than the control group. However, without any control for 
covariates, analysis of variance (ANOVA) revealed almost all of these differences (except 
Mental Health Score) were not statistically significant. The proportion of people with 
hypertension in the control group was slightly higher than in the noise exposure group. 
However, this difference is not statistically significant (p-value = 0.450). The proportion of 
hypertensive in parent(s) and high cholesterol level in the noise exposure group was higher 
than the control group. However, these differences were also not statistically significant. The 
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differences of hypertension in parent(s) (p-value = 0.298) and high cholesterol level (p-value 
= 0.215) between groups were also not statistically significant.  
 

Table 5. Descriptive Statistics of Health and Related Measures by Study Groups 
 

Variable Noise Exposure Group Control Group p-value
Mean Physical Functioning Score 79.09 79.23 0.941
Mean General Health Score 64.49 66.08 0.370
Mean Vitality Score 54.58 57.02 0.128
Mean Mental Health Score 68.02 73.53 <0.001
Hypertension 51 (15.0%) 55 (17.4%) 0.450
Hypertension in Parent(s) 154 (45.4%) 132 (41.8%) 0.297
High Cholesterol Level 62 (18.3%) 47 (14.9%) 0.215
Mean Noise Stress Score 6.44 (SD=2.31) 4.25 (SD=1.93) <0.001
Mean Noise Sensitivity Score 27.76 (SD=7.92) 26.97 (SD=7.38) 0.193
Mean Aircraft Noise Annoyance 6.27 (SD=3.04) 1.03 (SD=2.01) <0.001
Mean Traffic Noise Annoyance 2.61 (SD=2.57) 1.96 (SD=2.31) 0.001  

 
Undoubtedly, subjects in the noise exposure group were more sharply annoyed by aircraft 
noise (p-value < 0.001) than the control group. Even though, the level of traffic noise 
annoyance between both groups was slightly different, it was statistically significant (p-value 
= 0.001). This might reflect the fact that the LB

Aeq,(7am-6pm) of the matched control group was 
lower than the noise exposure group (see Figure 4). The level of noise sensitivity between 
both groups was not significantly different (p-value = 0.193). Obviously, subjects from the 
noise exposure area have a high level of noise stress (p-value < 0.001) than the matched 
control area. 
 
There are many different aspects between these two study groups, which need to be carefully 
controlled when drawing inferences about health and well being. The approach required for 
this situation is called multivariate statistical analysis that is beyond the scope of this paper. 
We have completed such analyses and the results are being verified for publication. 
 
3.4 Analysis of the Background Environmental Noise Levels 
 
Large amounts of noise data were collected and a typical example of these appears in Figure 
3. It is a typical noise time curve at one noise station (called NS-7) during a peak evening 
period of departing aircraft from Sydney Airport. The small rectangular points on the peaks 
identify aircraft over flight noise. To analyse the background environmental noise level, the 
approach taken was to exclude all the aircraft noise and unusual noises (such as ambulance 
sirens, garbage trucks, lawn mowing, and dogs barking) (Issarayangyun et al, 2004) from the 
noise time curves which results in a so called the background environmental noise time curve. 
Then, the average A-weighted sound pressure level of background environmental noise 
(LB

Aeq,Tk) at each noise station was determined. 
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Typical Noise Time Curve at NS7
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Figure 3. Typical Noise Time Curve 

 
Figure 4 illustrates the average LB

Aeq,Tk of the background environmental noise levels for the 
high, medium, low, and control noise groups. A so-called “high” noise group included those 
noise stations located on road that is connected with highways or major roads with high 
traffic volume. The background environmental noise level in this group was highly 
influenced by traffic noise from nearby roads. The “medium” noise group is defined as those 
noise stations located on road that is linked with the alternative roads (or roads with medium 
traffic volume). The background environmental noise level in this group was moderately 
influenced by traffic noise from nearby roads. Finally, the low noise station group 
represented those locations located on roads that are not connected with any highways, major 
roads, or alternative roads. The impacts of traffic noise from other roads were either very low 
or negligible. It is noted that the noise stations located in the aircraft noise non-exposure area 
would not be used for the development of NGI because at those areas the aircraft noise level 
is zero. They were collected for the purpose of background environmental noise comparison 
between the aircraft noise exposure area and the matched control area The long-term time 
average A-weighted sound pressure level of the background noise level (LB

Aeq,7am-6pm) was 
determined from Figure 4 for the high, medium, low, and control noise station  groups to be 
59.5 , 56.5, 52.0 and 48.8 dB(A), respectively (Issarayangyun, et al 2004). 
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Figure 4. Background Noise Levels (LB
Aeq,7am-6pm) for the Different Noise Groups 
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3.5 Analysis of the Aircraft Noise Levels 
 
This research considers the N70 index as it is assumed that the level of higher or equal to 70 
dB(A) of aircraft noise would disturb indoor activities. The analysis, therefore, discarded 
aircraft noise level that are less than 70 dB(A). The data such as those of Figure 3 were 
revisited to determine the N70 values at each noise station. Additionally, the long-term time 
average A-weighted sound pressure levels of aircraft noise (LA

Aeq,Tk) at each noise station 
were also calculated. Figure 5 illustrates the relationship between the LA

Aeq,7am-6pm and N70. 
Nonlinear regression analysis performed by SPSS v.12 of these data resulted in formula of 
Equation (1), the R2 of which turned out to be 0.79 with t(48) = -0.355E-03, p-value = 1, α = 
0.05 (Issarayangyun, et al 2004). 
 

LA
Aeq,7am-6pm = 18.31 log(N70) + 29.42      with N70>0   (1)    

 
where 
          N70 is the number of aircraft noise events that aircraft noise level excess 70 dB(A) 
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Figure 5. Relationship between LA
Aeq,7am-6pm and N70 using Data Collected in the High, 

Medium, and Low Background Noise Groups. 
 
3.6 The Noise Gap Index (NGI) 
 
The NGI was defined simply as the difference between aircraft noise and background noise. 
In the present case, the NGI became the difference between the LA

Aeq,7am-6pm and the 
LB

Aeq,7am-6pm as given in Equation (2) (Issarayangyun, et al 2004). It is noted that this 
formulae is practical when N70 is higher than zero. 
 

NGI = LA
Aeq,7am-6pm -  LB

Aeq,7am-6pm    (2) 
 
Now by substituting Equation (1) into Equation (2) and also by applying the background 
levels of 59.5, 56.5, and 52.0 dB(A) as determined from Figure 2, Equation (2) becomes 
Equation (3) below (Issarayangyun, et al 2004). 
 

NGI = 18.31 log (N70) – Z ;            N70>0      (3) 
where 
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Z is an adjustment factor 
        = 30.08 in high background environmental noise areas 
         = 27.08 in medium background environmental noise areas 
   = 22.58 in low background environmental noise areas. 
 
3.7 Association between Aircraft Noise Annoyance and the NGI 
 
Data of aircraft noise annoyance scale from aircraft noise exposure group was analyzed. 
Aircraft noise annoyance scale is an ordinal variable ranges from zero to ten when zero 
means not at all annoyed and ten means highly annoyed by aircraft noise. The N70 value of 
each respondent was obtained from a large scale N70 contour map generated by AirServices 
Australia. The NGI value of each respondent was then calculated based on Equation (3). 
Figure 6 illustrates the relationship between aircraft noise annoyance scale and the NGI 
stratified by the quartile of points of the valid respondents. For example, there was 25 percent 
of valid respondents located in areas with NGI between 6.29 and 7.56 dB(A). The average 
aircraft noise annoyance score of these areas was 6.5. From this figure, it was found that the 
average aircraft noise annoyance score of a respondent was quite stable (≈ 6.5) in areas with 
NGI less than 9.7 dB(A). Conversely, the average aircraft noise annoyance score was 
dropped to 5.4 in area with NGI higher than 9.7 dB(A). The null hypothesis assumed no 
difference in the population mean score of aircraft noise annoyance score between the 
quartile groups. Conversely, the alternative hypothesis assumed a difference in the population 
mean score of aircraft noise annoyance score between the quartile groups. Analysis of 
variance (ANOVA) found that (table not shown) aircraft noise annoyance scores varied 
significantly between the quartile groups with F(3, 312) = 2.748, p-value = 0.043, α = 0.05. 
The null hypothesis was then rejected. 
 
It was also found that the average NGI values of high, medium, and low background 
environmental noise groups were 5.85, 7.72, and 12.2 dB(A), respectively. Thus, it might 
lead to the preliminary conclusion that people living in high and medium background 
environmental noise areas were more likely to be annoyed by the same aircraft noise 
exposure level than people living in low background environmental noise areas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Relationship between Aircraft Noise Annoyance Scale and NGI 
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4. DISCUSSION 
 
This research proposed a comprehensive instrument to evaluate any possible community 
health and well-being impacts by aircraft noise. The health survey instruments have been 
developed and tested by the pilot study. Some mistakes and unpractical procedures have been 
fixed which resulted in the final efficiency in a response rate of 47% in the main survey. 
 
The best way to establish any causality between exposure and disease is to conduct analytic 
epidemiological studies (such as the case-control study, the cohort study, or the clinical trial 
study). This study is limited to the descriptive epidemiological study according to time and 
budget constraints. Thus, this research applied a cross-sectional study with a matched control 
group as a tool to explore the core research questions: the relationship between health related 
quality of life and aircraft noise, and long-term exposure to aircraft noise and adult high 
blood pressure levels 
 
The cross-sectional study is not a powerless technique, and is a useful technique, especially 
when dealing with public health issues. For instance, the Australian Bureau of Statistics 
(ABS) regularly conducts the National Health Survey (NHS) (which is a cross-sectional 
technique) to obtain national benchmarks on a wide range of health issues, and to enable 
changes in health to be monitored over time. Therefore, turning back specifically to aircraft 
noise problems, if there are the other international studies looking at this kind of problem 
with the equivalent technique and found similar results as we have done, it will become a 
useful guideline for either airport administrator(s) or governor(s) to better understand how 
aircraft noise effects the community. We have found published results from only one such 
similar study conducted by Meister and Donatelle (2000) at Metropolitan Minnesota, United 
States, that has used the SF-36 questionnaire. Moreover, the cross-sectional study is 
inexpensive and less time-consuming to undertake. 
 
The health related quality of life in term of mental health of community living in the vicinity 
of airports appeared to be significantly worse than the matched control area. It seems that an 
association between aircraft noise and hypertension was insignificant. However, these 
conclusions have not been rigorously established in this paper but the descriptive statistical 
analysis presented provides awareness to all researchers for the need to control all necessary 
confounding factors and covariates when dealing with the multivariate problems of this 
nature. 
 
The NGI has been developed as an index that is easy to understand by the layperson, and that 
also quantifies relevant aspects of the potential impacts of aircraft noise. This paper presents 
a preliminary analysis of the relationship between aircraft noise annoyance and the NGI. It 
was found that subjects residing in high and medium background environmental noise areas 
were more likely to be annoyed by the same aircraft noise exposure level than subjects living 
in low background environmental noise areas. This might reflect the characteristics of people 
suffered from high level of background environmental noise to be more vulnerable to aircraft 
noise than people from low background environmental noise areas.  
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5. CONCLUSIONS  
 
The relationship between the noise impacts of large commercial airports and the health and 
well-being of residents living around such airports is imperfectly understood. Planning for 
land-use compatibility around airports relies on abstract (to the community) noise metrics 
such as the Australian Noise Exposure Forecast (ANEF). Recent approaches by the 
Australian Government aims to develop more meaningful noise metrics. We have extended 
this direction by formulating the noise gap index (NGI) that takes into account the level of 
the background environmental noise in different residential locations. We have presented a 
preliminary analysis of the relationship between aircraft noise annoyance and the NGI.  It 
was found that people residing in high and medium background environmental noise areas 
were more likely to be annoyed by the same aircraft noise exposure level than subjects living 
in low background environmental noise areas. 
 
The main contribution of this paper has been the description of the pilot survey design of a 
study of aircraft noise and community health and well-being in metropolitan Sydney. This 
informed the final design of a survey of residents in aircraft noise affected and non-aircraft 
noise affected areas. The paper has presented the descriptive statistics obtained from that 
main survey in terms of the demographic and socio-economics of the sample (Table 4) and 
the health related outcomes (Table 5). Without any control for covariates, it appears from the 
descriptive statistics that health measure score of mental health of the noise exposure group 
were significantly lower than the control group, implying that the mental health of subjects 
from the noise exposure group was worse than the matched control group. The percent of 
hypertension in the matched control group was slightly higher than in the noise exposure 
group. However, this difference is not statistically significant. Undoubtedly, subjects in the 
noise exposure group were more sharply annoyed by aircraft noise than the control group. 
 
Future research will include multivariate statistical analysis to explore the core research 
questions. For the first core question (“Are health related quality of life worse in community 
chronically exposed to aircraft noise than in community not exposed?”), the multiple analysis 
of covariate (MANCOVA) will be employed. In addition, our research is applying binary 
logistic regression analysis to predict an association between aircraft noise and the prevalence 
of hypertension that is a key issue of the second core research question (“Does long-term 
aircraft noise exposure associate with adult high blood pressure level via noise stress as a 
mediating factor?”). Finally, it is planned to relate the outcomes of the main health survey to 
the degree of exposure to aircraft noise, as quantified by the NGI, in order to explore the two 
core research questions. 
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