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ABSTRACT 
Airport environmental management strategies at Australian privatized airports, including noise mitigation, are reviewed, and suggestions are made on innovative practice: applying a trans-disciplinary framework, re-organizing institutional arrangements to include an “Impact Mangement” Division, and addressing the health impacts of airport operations. A survey of aircraft noise and its impact on self-assessed quality of life was conducted in Sydney. Subjects (aged 15 – 87) chronically exposed to aircraft noise have odds of 2.61 61 (95% CI 1.42 - 4 .80) of having stress, and those chronic noise stress individuals have odds of 2.74 (95% CI 1.55 - 4.84) of having hypertension compared with those without chronic noise stress. New research design - a novel intervention based on meditation – is outlined for application by environmental managers wishing to be more pro-active in embracing health impacts of airport operations.
Keywords: aircraft noise, health-related quality of life, mitigation, cognitive behavioral therapy 

1. Introduction
Airport environmental managers are confronted with increasing challenges from key global issues such as achieving more sustainable development (Graham and Guyer, 1999) and mitigating the anthropocentric activities impacting on climate change. In Blue Ocean Strategy, Kim and Mauborgne (2005, p. 4) describe how to create uncontested market space that will render the competition irrelevant, imaginatively telling the reader to picture a market universe composed of “red oceans” to represent all the industries in existence today (and, inter alia, all of the current environmental management techniques), and “blue oceans” to represent all of the industries “not in existence today” (1, p. 4). To be innovative, dynamic strategic planning is required (de Neufville and Odoni, 2003, Chapter 3) that positions managers to think several moves ahead and re-position environmental practice at the world’s leading airports into the “blue ocean.” This paper argues the case that mainstream airport environmental management should be more pro-active in mitigating the public health impacts of aircraft noise from landings and take-offs.
The metaphor of the Blue Ocean Strategy is illustrated with reference to Sydney International Airport, Australia, where environmental management is currently in the “red ocean”, as explained in the text. By 2020, 62 million annual passengers are projected to use this airport – a doubling of the current number of passengers. Despite technological improvements that will reduce jet-engine noise (NASA Facts, 1999), the prospect is for airport noise impacts to increase with larger aircraft and more landings and take-offs. Aircraft, as the source of environmental stress (Meister and Donatelle, 2000; Issarayangyun, et al,, 2005), will remain to lower the quality of life for surrounding residents and other users of land.  In the “red ocean”, major commercial airports apply a corporate environmental management system (EMS) that contains an environmental policy, an environment strategy, an EMS Manual, and generic procedures to guide employees, and consultants, on environmental studies, monitoring and reporting. An airport corporate EMS is used in turn as the basis for tenant/user EMS, plans, monitoring and reporting.  In the “blue ocean”, this paper summarizes research focuses on environmental transport noise and self-assessed health quality of life, and on proposing appropriate strategies and actions by governments and airport management within the context of undertaking health impact assessment as a routine part of airport expansion. 
First, we describe, as the “red ocean”, current airport environmental management practices using Sydney Airport as an example. Section 3 speculates on some of the characteristics of innovative environmental management, including the dynamic response of thinking strategically of future issues. We use the example of aircraft noise and public health as a future challenge for airport environmental managers. The background and literature to this research problem is given in Section 4. The results of the study of exposure to aircraft noise and its impact on residents’ self assessed health, conducted around Sydney International Airport and in a control study area some 50 km from the airport, are presented in Section 5 (see, also, Black, et al, in press). Based on this greater understanding of social impacts, Section 6 suggests the sort of investigations that innovative managers in the “blue ocean” should be conducting, and a research design, based on reducing stress in residents surrounding airports, is outlined.
2. Airport Environmental Management
In the 1990s, as with all industries, the airport industry was confronted with increasing pressure to address environmental issues. The main environmental impacts of airports are: noise; emissions; water consumption and waste pollution; energy and waste management; and wildlife, heritage, and landscape (Graham, 2003,, p. 220). Policies and regulations for aircraft noise at international airports aim to minimize, as far as is practical, the total number of people in the community exposed to high levels of aircraft noise from take-offs, landings, over-flights and ground operations such as taxiing and engine ground running (Horonjeff and McKelvey, 1999; de Neufville and Odoni, 2003). 

When quantifying community impact as a basis for environmental impact assessment, many of these mitigation strategies are determined on the empirical relationship between “annoyance” and noise exposure from aircraft (Schultz, 1978; Fidell, et al, 1991; Miedema and Vos, 1999; Fields, et al, 2001).  Issarayangyun (2005, Chapter 3) has shown at major USA, UK, Canadian and Australian airports a degree of commonality in noise abatement / mitigation programs (community programs, attitudinal surveys, sound insulation programs, noise monitoring, noise and flight track system, preferred runways and flight path usage, aircraft certification, land-use compatibility, curfew, ground running and complaints unit), although institutional arrangements differ (in the USA airports are managed by local government under strict FAA regulations; Australian commercial airport ownership is in the private sector).
Australia is one country, among many, where a community survey on aircraft noise and annoyance (Hede and Bullen, 1982; , DOTARS, 2002, Figure A1, p.5) underpins current environmental policies for airports. The dose-response relationship uses the Australian Noise Exposure Forecast (ANEF) as the relevant metric to define land-use compatibility surrounding airports. In Australia, there are 28 commercial airports where Airservices Australia provides a terminal service (www.airservicesaustralia.com.au ). 

Actions by airport managers are largely reactive to environmental legislation. For example, the relevant legislation in Australia (and at Sydney Airport) for airport operators and those authorities responsible for air navigation can be summarized as follows.

· Air Services Act 1995, Part 2 s. 8(1) and 9(2). Airservices Australia has the function of “carrying out activities to protect the environment from the effects of, and the effects associated with, the operation of Commonwealth jurisdiction aircraft…” and in a manner to perform any functions to “ensure that, as far as is practicable, the environment is protected…” In practice, this is the determination of the use of runways and flight paths so as to minimize the noise impact in surrounding residential areas to an airport.

· Sydney Airport Curfew Act, 1995. The objective of this policy is to eliminate noise exposure to the community during sleeping hours. Curfew operations at Sydney Kingsford Smith Airport, where the surrounding residential population is the largest of any commercial airport in Australia, is defined as being from 11pm through to 6am the next day when aircraft, except for those specified under Part 3 of the Act, are not permitted to take off or land. Those aircraft operations during the curfew period are restricted to take-off and landings only over Botany Bay, and there are procedures for controlling the use of reverse engine thrust and missed approaches (Part 2, s. 8 and 9). Breaches attract fines of up to $550 000.

· Air Navigation (Aircraft Noise) Regulations 1984 made under the Air Navigation Act 1920. This act controls the engagement of jet and propeller aircraft in Australia in accordance with ICAO aircraft noise certification. In practice, a subsonic jet is not allowed to engage in air navigation unless it complies with Chapter 3 of the noise certificate.

· Airport Act 1996, Part 6, s. 116. A draft, or final, airport environment strategy must specify inter alia: (a) the sources of environmental impact, (b) the methods of study, review, and monitoring of the environmental impacts, and (c) the methods to prevent, control or reduce environmental impacts.

· Airport (Environment Protection) Regulations 1997. This regulation, in conjunction with the previous act, is a Commonwealth Government system of regulation of those activities at airports that generate pollution or excessive noise, and the promotion of sound environmental management practices. The noises included in these regulations are construction noise, ground transport noise (road and rail traffic providing access) and all ground-based aircraft operations (aircraft auxiliary power units, aircraft re-fuelling, operation of plant and machinery, and ground – based aircraft running after engine repair and maintenance). Schedule 4 Parts 2 and 3 of the Regulations describe the acceptable levels of the above noise at sensitive residential and commercial receptors in the airport’s vicinity. It is important to note that these regulations do not apply to aircraft in-flight, taking-off, landing nor taxiing.

· Aircraft Noise Levy Act, 1995. The policy objective is to disadvantage airlines that operate noisy aircraft at Australian airports by imposing a levy on every landing (exceptions include emergency and charity disaster relief flights) that generates noise above a specified level. The formula to calculate the levy is provided in subsection 6(1) and in Aircraft Noise Levy Regulations, s. 5 and 6, (see, also, Nero and Black, 2000). 
In addition, for Sydney Airport (www.sydneyairport.com ), two additional strategies must be introduced. These two aircraft noise mitigation strategies, aimed to reduce environmental and social impact, stemmed from the Draft Noise Management Plan, produced as part of the development consent by the then Federal Airports Corporation (prior to airport privatization in Australia – [8], Table 2.7, p.33 - and the specific privatisation of Sydney Airport in 2002) to construct and operate a third runway [12], and later work. The first management strategy is the Long Term Operating Plan that incorporates a noise-sharing principle with the use of 10 modes of runway operations [13] .

The second strategy is the Federal Government administration and implementation of the Sydney Airport Noise Amelioration Program.  From 1995 to the end of 1997, 93 public buildings (schools, religious buildings, such as churches, and health care facilities) and 4600 residences were provided wirg acoustical treatment, at a capital cost of nearly $400 million – approximately the cost of the construction of the third runway at Sydney Airport. The eligibility criterion was location within the 30 ANEF contour. It should be noted that community reaction to aircraft noise within the 25 ANEF contour is substantial (Commonwealth of Australia, Senate Select Committee, 1995). Similar policies and regulations for aircraft noise at other Australian and international airports aim to minimize the total number of people in the community exposed to high levels of aircraft noise. Aircraft noise mitigation plans and housing insulation are common strategies to management noise and these have already been implemented at Sydney airport. 
For many airport operators – whether public or private sector – environmental policies set down by governments are increasingly becoming a core component of their business strategy. For example, one of the conditions of the lease from the Australian Federal government of privately operated airports (Commonwealth Airports Act 1996 and Airports (Environment Protection) Regulations 1997) was that the owners produce a five-year airport environment strategy (AES) that provides the strategic direction for the environmental management of the airport. For Australian airports, the AES is a legally document binding document for the environmental management of operations at the airport. Compliance with the AES for all airport users is enforceable in Australia by the Federal Department of Transport and Regional Services. 
The broad purpose of the AES is to:

a. Ensure all significant environmental risks in the airport business in the functional areas of air, noise, water, waste, resource use and land management are appropriately managed

b. Facilitate an airport objective of achieving world best practice environmental management

c. Ensure continuous improvement of the airport environment, and to build on the achievements of any previous AES.

It is important to note that, in Australia, these regulations for AES do not apply to aircraft noise (in-flight, take-off, landing, and taxiing) or to aircraft air emissions because these are subject to other, separate, Australian government legislation, noted above. Airport operators do, however, have the statutory responsibility for all “ground-based” noise and atmospheric emissions from mechanical, airport vehicles, and ground-running of aircraft during maintenance and aircraft engine morning start up.
For example, the latest Sydney Airport Environmental Strategy, 2005 – 2010. Provides a good indication of current approaches to environmental management.  The Sydney Airports Corporation Limited (SACL), which was acquired by Southern Cross Airports Consortium in 2002, has adopted a risk-based approach to environmental management to control the identified environmental risks. The corporate environmental management system (EMS) contains an environmental policy, an environment strategy, an EMS Manual and generic procedures to guide employees, and environmental studies, monitoring and reporting. The corporate EMS is used in turn as the basis for tenant/user EMS, plans, monitoring and reporting. Management of specific environmental aspects is outlined in the Airport Environmental Action Plans:

· Environmental management and stakeholder relationships

· Resource use (water, energy and raw materials)

· Air quality

· Ground transport

· Surface water quality

· Soil and groundwater quality

· Noise

· Flora and fauna

· Heritage

· Dangerous goods and hazardous materials

· Waste

All airports in Australia are subject to national government environmental legislation and therefore airport management tends to comply, but is not proactive in solutions that are innovative, a topic to which we now turn in a general way. 

3. Towards Innovation in Airport Environmental Management
Technical progress, based on research and development, allows the possibility of substitutions between capital and natural resources, or the development of a new technology based on another natural resource. The application of innovation changes production methods: for example, the quantity and quality of environmental management services produced. In the “blue ocean” this will manifest as a series of long and repeated efforts that re-organise existing service methods, and the implementation of new  While  this paper is silent on the change process and on the costs of the new technologies (Benhaim, and Schembri, 1996) , it is about imagining an entirely new airport environmental management sector that produces pollution reduction processes based on human intervention (for more details see, Black, 2007).
Future boards of airport management should take a plunge, and chart the “blue ocean” of innovation in environmental management. There are three specific areas that could be developed to help create a more pro-active approach to dynamic strategic thinking: the trans-disciplinary framework; the formulation of a comprehensive impact management system; and the explicit recognition that aircraft noise causes impacts on public health, and these impacts require mitigation through innovative schemes. Best practices of innovation include: the management of stakeholder relations to drive innovation; linking research and product development to user collaboration; and the development of employee incentives that emphasize creative solutions.
First, managers need a clear understanding of the power of the trans-disciplinary approach (Higginbotham, et al, 2001; Issarayangyun, et al, 2005) to conducting research and investigations by its environmental employees and consultants.  By drawing on a range of disciplinary perspectives it is more likely that the right problem will be identified. The main steps of the trans-disciplinary approach are: problem definition; assembling a team of researchers; reviewing existing knowledge on the research problem, especially disciplinary and inter-disciplinary conceptualization and explanations; designing the research enquiry from research gaps; implementing the research enquiry; refining conceptual understandings and synthesizing data sets; and specifying types of interventions (usually with stakeholders) to resolve the problem. 

Secondly, airport management should re-organize its institutional structure with an “Impact Management Division” thereby balancing the equation of economic and environmental impacts (Caves, 1994a,b).  Anthea Fawcett, a board member of the EcoDesign Foundation, (http://www.oecd.org/env/trans; cited in Fawcett, 2000) addresses the sustainability of airports and aviation, and reviews steps taken in terms of impact minimisation and fuel innovation that are consistent with the OECD definition of environmentally sustainable transport:

“Environmentally sustainable transport…is Transportation that does not endanger public health or ecosystems and meets the needs for access consistent with (a) sustainable use of renewable resources at below their rates of regeneration, and (b) use of non-renewable resources at below the rates of development of renewable substitutes.”
She notes that with the privatization of Australian airports the Federal Government requires that airports develop and implement detailed environmental management plans. They should ‘address local environmental issues in important, socially inclusive ways’ (Fawcett, 2000). However, the environmental management system (EMS) framework is too narrow in scope and Black (et al,  2002) argue that a more appropriate future direction for airport owners and managers is an extension of EMS referred to as an ‘Impact Management System’ (IMS) that embraces both positive and negative impacts of airports..

The management objectives in implementing an IMS are generally to identify stakeholder values regarding airport operation and development (Harding, 1998). These objectives help protect existing values or develop an alternative set of values. These values are then included in the airport's IMS. The objectives may be interim ones until additional community values can be gathered and analysed. The actual objectives will be contingent upon each airport’s individual development and operation values. Ideally, the objectives might include the following:

the IMS should be based on principles of ecologically sustainable development, balancing the economic benefits and negative externalities of airport development and operations;

stakeholder and community involvement at every stage of the IMS implementation should be maximised;

in dealing with the economic, spatial and noise impacts, the airport operator should aim for maximum congruence of its objectives and programs with the other stakeholders, such as local governments, air traffic regulators, environmental authorities and interest groups;

the IMS should give attention the areas affected by airport operations, especially those under the flight paths close to the airport;

it should provide appropriate acoustical treatment to noise-sensitive buildings and noise-degraded public amenities affected by the aircraft noise, wherever practicable;

it should minimise the impact of aircraft operations on public health and safety;

it should compensate properly for the depreciation of property values caused by aircraft noise needs on the basis of transparent and credible scientific evidence;

its implementation should be funded in an accountable manner.

it should adopt cost-effective management practices to achieve a suitable balance between capital and implementation costs;

where practical, it should implement the IMS according to the ‘user pays’ principle and charge airport users, such as airlines, according to the quality and quantity of the negative effects they impose on the environment;

it should promote mixed use of land for all airport-related activities, consistent with the airport's environmental management objectives;

it should monitor the effectiveness with which it achieves its IMS implementation and identify and implement enhancements if necessary.

To meet these management objectives, the IMS must help identify potential options for strategies, projects and programs to tackle specific impact problems. In the “red ocean”, the issue of community health and well-being has been largely ignored in airport environmental management strategies, possibly because ‘health’ has been interpreted as just only the absence of disease.  The shift in focus is from the “red ocean” management of airports and airlines to a consideration of the people on the ground. It is straightforward to imagine that health impact assessment should be a central component (along with environmental impact assessment) of “blue ocean” management strategy. Aircraft noise affects quality of life by causing stress and hypertension as demonstrated by the research reported in the next two sections.
4. Aircraft Noise and Public Health - Literature
Traditional environmental mitigation to aircraft noise has not embraced public health interventions at these airports, nor at most airports in the world.  The issue of community health and well-being has been ignored, possibly because ‘health’ has been interpreted widely as just only the absence of disease.  As defined by the World Health Organization (WHO, 1948), “Health is not only the absence of disease but also including a state of complete physical, mental, and social well-being”. Environmental noise, including aircraft noise, not only causes annoyance (as extensively documented in the literature, see for example, Kyrter, 1995) but contributes in a statistically significant way to stress and hypertension in people living in noise–affected areas around airports.
Conducted in metropolitan Minnesota, USA, (Meister and Donatelle, 2000), a postal questionnaire sample measured general health outcomes, perceived stress, noise sensitivity, and noise annoyance. After controlling for potential confounding factors,  analysis of covariance revealed that all health measures (general health, sense of vitality, mental health) were significantly worse in areas exposed to high aircraft noise. Stress and noise annoyance were also found to be significantly worse. Another study conducted around Schiphol  Airport in the Netherlands explored the association between sleep medication and use of medication for cardiovascular disease and exposure to aircraft noise (Franssen, et al, 2004). A planned study designed by the Hypertension and Exposure to Noise near Airports (HYENA) consortium proposes a study of 6000 people who have lived near one of six major European airports for at least five years. (Jarup et al, 2005). The funding of such a large study provides further evidence that health status is affected by aircraft noise.

5. Research Study into Aircraft Noise, Stress and Hypertension
If we now shift the focus from the airport and airlines in the current approach to managing airports to the people living and working on the ground around the airport it is straightforward to see that health impact assessment should be a central component (along with environmental impact assessment) of proposals to expand airport infrastructure capacity. In line with the wider definition of “health” noted in Section 4, Issayaryangun (2005) hypothesized that long-term aircraft noise exposure has negative impacts to community health and well-being in term of health related quality of life. His research answered two core questions: “Is health related quality of life worse in communities chronically exposed to aircraft noise than in communities not exposed?” and “Does long-term aircraft noise exposure associate with adult high blood pressure level via chronic noise stress as a mediating factor?”  
A research questionnaire was developed based on an international, well-established questionnaire instrument. It measures seven major characteristics of each subject: 1) health related quality of life (HRQoL); 2) prevalence of hypertension; 3) chronic noise stress; 4) noise sensitivity; 5) noise annoyance; 6) confounding factors; and 7) demographic characteristics. Four measures of HRQoL (which are physical functioning (PF), general health (GH), vitality (VT), and mental health (MH)) were obtained from the MOS-36 (version 2) Health Survey Scale (Ware, 2000). Each health measure scale has scores ranging from 0 to 100. The better score implies a more positive health status. This research employed ten of twenty-one items of the Weinstein scale to measure noise sensitivity (Weinstein, 1978). Noise annoyance was measured by the standardised noise reaction questions for community noise survey developed by Fields (et al, 2001). This research has developed a multiple-item question to measure emotional stress due to environmental noise pollution, and a close-end question for assessing the prevalence of hypertension. Two additional closed questions for assessing the family history of hypertension and high cholesterol status have been developed to prevent the distortion effects from these two variables on the noise stress – hypertension association. Most of the questions to measure confounding factors and demographic characteristics of individual were adapted from the Australian National Health Survey 2001 and 1997 New South Wales Health Survey Questionnaire.
A postal self-administrative health survey (with follow-up letters) was employed by this research. The questionnaire was mailed to 1,500 randomly selected samples in areas located near Sydney Airport (where average annual day of N70 is higher than 50) and the matched control area. The matched control area is located in Western Sydney (approximately 55 kilometres from Sydney Airport) where jet noise is barely detected, and socio-economic indices for areas, SEIFA, (Trewin, 2001) is comparable with aircraft noise exposure area. To protect respondent bias on noise source, the study samples were informed by cover letter that the objective of this survey was to study the impacts of environmental noise on health. More detail of survey administrative technique used by this research can be found in Issarayangyun (2005).

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).

5.1. Response Rate 
There were 796 responses, with 704 who filled in the questionnaire and 92 indicated unwillingness to participate the survey. To satisfy an assumption that long-term aircraft noise exposure has impacts on community health and well-being, this research excluded subjects who informed in the questionnaire that they have resided in their existing resident for less than 1 year. Consequently, the response rates for the aircraft noise exposure group and the matched control group were 339 and 316, respectively. 

5.2. Demographic and Socio-economic Status of Samples 
The demographic characteristics and socioeconomic status of both study groups were compared. In the total sample, age ranges from 15 to 87. The distributions of age were considered Normal. The mean age of the control group was approximately four years higher than the noise exposure group. Using a t-test, it was found that this difference was statistically significant (p-value = 0.001). This might reflect the higher percent of “not in labor 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 have a higher education level (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 were more likely to be smokers (p-value = 0.014) than the control group. In the control area, subjects took proportionally 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). The marital status between both groups was significantly different, with a higher proportion being married in the control group (p-value < 0.001). Not surprisingly, there was only 3 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. 

5.3. Health and Related Measures
 Table 1 summarizes the descriptive statistics of health and related measures of both study groups. 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 hypertension 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 differences of hypertension in parent(s) (p-value = 0.298) and high cholesterol level (p-value = 0.215) between groups were not statistically significant. 
Table 1 here

Undoubtedly, subjects in the noise exposure group were more sharply annoyed by aircraft noise (p-value < 0.001) than the control group. The difference in the level of traffic noise annoyance between both groups was statistically significant (p-value = 0.001). This might reflect the fact that the LBAeq,(7am-6pm) of the matched control group was lower than the noise exposure group. 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. Thus, there are many different aspects between these two study groups, which need to be carefully controlled when drawing inferences about health and well being. To control for covariates binary logistic regression was used. 

5.4. Relationships between Health Quality of Life (QOL) Factors and Aircraft Noise 
The study rejected the null hypotheses and concluded that when removing the linear effects of covariates, and controlling for potential confounding effects, the mean score of Physical Functioning, General Health, Vitality, and Mental Health of aircraft noise exposure group were significantly lower than the matched control group. This implies that HRQoL (in terms of Physical Functioning, General Health, Vitality, and Mental Health) of subjects from aircraft noise exposure group was worse than the matched control group.

5.5. Prevalence of Hypertension and Aircraft Noise 
The analyses of association between prevalence of hypertension and aircraft noise exposure were divided into two sub-sections: (a) aircraft noise exposure – chronic noise stress; and; (b) chronic noise stress – prevalence of hypertension, based on an assumption that “Aircraft noise has indirect impacts to hypertension. It disturbs daily activities and creates chronic noise stress which becomes a mediating factor for hypertension in the future”. The null hypotheses of each sub-section assumed no association between exposure and risk factors. Binary logistic regression analysis was performed on each sub-section.
For the first sub-section, the analysis was performed to assess prediction of presence/absence of chronic noise stress based on: Analyses revealed that an exposure variable of aircraft noise exposure (p-value = 0.002); noise sensitivity (p-value = 0.001), traffic noise annoyance (p-value < 0.001), aircraft noise annoyance (p-value < 0.001)  and an interaction between traffic noise annoyance and aircraft noise annoyance (p-value = 0.005). Table 2 shows regression coefficients, Wald statistics, odd ratios and 95% confidence intervals for odds ratios for each of the exposure variable and the four potential confounding factors. The Hosmer-Lemeshow goodness-of-fit statistic revealed that this model is a good fit ((2 = 3.92, df = 8, p-value = 0.865).

Table 2 here
For the second sub-section, the analysis was performed to assess prediction of presence/absence of prevalence of hypertension. Analyses revealed that hypertension was significantly affected by  an exposure variable of chronic noise stress(p value<0.001); and  four confounding factors of high cholesterol status (p value<0.001),  age (p value<0.001), history of hypertension in parent(s) (p value=0.04)   However, aircraft noise exposure was not significant (p value=0.079) Table 3 shows regression coefficients, Wald statistics, odd ratios and 95% confidence intervals for odds ratios for each of the exposure variable and the four potential confounding factors. The Hosmer-Lemeshow goodness-of-fit statistic revealed that this model is a good fit ((2 = 5.082, df = 8, p-value = 0.749).

Table 3 here

The study rejected the null hypotheses and concluded that: (i) long-term aircraft noise exposure was significantly associated with chronic noise stress; and (ii) chronic noise stress was significantly associated with prevalence of hypertension. After controlling for potential confounding factors, subjects (aged 15 – 87) who have been chronically exposed to high aircraft noise level have the odds of 2.61 (95% CI 1.42 - 4.80) of having chronic noise stress, and these chronic noise stress person have the odds of 2.74 (95% CI 1.55 - 4.84) of having hypertension compared with those without chronic noise stress.  

6. Innovative Interventions for Airport Environmental Managers
There is enough evidence to say that annoyance from aircraft noise undermines quality of life and can be the cause of chronic emotional stress. This then becomes the strategic problem for airport managers to solve using the trans-disciplinary framework to reach innovative solutions. Noise exposure can directly alter physiological processes, particularly the functioning of the cardiovascular and endochrine systems. There is a strong body of evidence to associate some forms of health risk with environmental noise stress (Berglund, et al, 1999; Spreng, 2000; 2004; Babisch, et al, 2005). However, there have been no studies reported in the literature that apply meditation as an intervention to alleviate stress experienced by residents from long-term exposure to aircraft noise at commercial or military airports. 
Meditation, a form of “mind body therapy”, is a practice that has arisen from the ancient Eastern spiritual tradition. It has achieved substantial popularity in modern Western society as a both a therapeutic tool as well as a method of self development. In both the East and West It is widely perceived to have potent, specific effects on both the body and mind. Despite community interest and a substantial body of peer-reviewed publications concerning meditation, most scientists agree that there is no consistent scientific evidence to support this perception.
Health professionals are also enthusiastic about meditation; a survey of Australian GPs in 2000 found that almost 80% of respondents had recommended meditation to patients at some time in the course of their practice yet less than 35% had any formal training or education in the field (Pirotta et al, 2000). It is important to define ‘meditation’ as there has been a recent shift by the US National Centre for Complementary and  Alternative Medicine (NCCAM)  from a Western understanding of meditation as ‘a conscious mental process that induces a set of integrated physiological changes termed the relaxation process’ to a definition more consistent with the traditional Eastern concept of ‘in meditation, a person learns to focus his attention and suspend the stream of thoughts that normally occupy the mind’ (National Center of Complementary and Alternative Medicine, 2007). This is a significant revision, and a key citation appears to be a commentary by Manocha (2002) in which it is explained that the traditional idea of meditation is not necessarily relaxation so much as the experience of ‘mental silence’.
Is meditation effective in reducing stress? Do different approaches to meditation have different effects? In a British Medical Journal Editorial, Canter (2003) commented on the poor quality of extant meditation trials and identified a handful of key methodological and conceptual problems that, if addressed, might significantly advance our understanding about meditation’s potential role in clinical practice. The authors have designed a research study that uses mediation techniques to reduce stress from suffers of aircraft noise around both commercial and military airports. 
The hypothesis to be tested is the impact of stress associated with aircraft noise can be alleviated by meditation. This has proven successful with asthma, work stress and menopause. The aim is to demonstrate that meditation, whose central characteristic is the experience of mental silence, can alleviate stress in adults caused by long term exposure to aircraft noise.    A secondary aim is to look at the cost of such an intervention and compare the cost to prescription medication for stress. To our knowledge, no study has attempted to determine how stress from airport noise can be alleviated from other than pharmaceutical drugs. 
There are stress management techniques that we have identified to trial from the cognitive behavioural therapy literature, especially on chronic pain management (Martinez-Devesa, et al, 2006; Morley, 2004; White, 2001). For example, a recent surge in interest in mindfulness practice and principles which have their origins in many contemplative and philosophical traditions can be attributed to the publication of some well-designed empirical evaluations of mindfulness-based cognitive therapy (Melbourne Academic Mindfulness Interest Group, 2006). Current psychological research is generating enormous interest at Monash University, Faculty of Medicine, in mindfulness therapy as a gentle but powerful solution to a variety of mental health problems. There are now more than 200 mindfulness-based stress reduction (MBSR) programs as therapeutic invention in mainstream health care settings, including physicians and psychotherapists, in the USA (Kabut-Zinn, 1999). A nationally representative survey of US households in 1998 indicated that almost 1 in 5 Americans had used some form of “mind body therapy” in the past 12 months, of which meditation was the commonest method (Wolsko et al, 2004).
As pointed out by Roth and Robbins (2004), most published studies lack randomized control groups.  Their study of inner-city patients in the Community Health Centre of Meriden (CT) is of particular pertinence to our approach on the effectiveness of an intervention. An intervention group of 68 patients (most with chronic pain) completed the SF Health survey (plus questions on sleep quality and family harmony) before and after completing the 8-week MBSR program developed at the University of Massachusetts Medical Center. The course met 2 hours each week, and patients were given supporting tapes and asked to devote 30-45 minutes each day for 6 days  week on breathing meditation, walking meditation, eating meditation and Hatha yoga. The completion rate was 66%, slightly above the 60% from two other inner-city studies, but less than the 85-95% completion rate of hospital-based studies. 
The research study by the authors proposes to combine the two under-researched areas of the impact of aircraft noise on stress and the effect of meditation, whose central characteristic is the experience of mental silence, on this stress. People age 55 years or more in aircraft noise exposed suburbs will be recruited to four focus groups through the network established by the Botany Bay Studies Unit at UNSW. We are targeting those adults most likely to be at home during the day and exposed to aircraft noise. We would draw on members of this network, plus advertisements placed in local newspapers, to assist in the recruitment of the elderly is noise affected suburbs around Sydney (Kingsford Smith) Airport. The purpose of the focus groups is to identify attitudes to aircraft noise and methods used to ameliorate the affect of aircraft noise. Knowledge of and attitudes towards behavioral modification techniques will be explored.
The intervention group will be taught a technique called Sahaja Yoga Meditation. The Sahaja Yoga meditation technique is proposed because it utilises a “classical” understanding of meditation, in which “mental silence” is regarded as the defining feature, vis a vis the conventional understanding of meditation as method of relaxation. The technique is based on a “classical” understanding of meditation and uses a simple series of silent affirmations based on a traditional understanding of yogic psychophysiology. Subjects will be encouraged to meditate while sitting quietly in a chair or in a comfortable position that facilitated their meditation experience. They will be encouraged to develop a sustainable state of “mental silence” (Sanskrit “nirvichara samadhi” or “thoughtless awareness”). Each sub-group will meet separately for 2 hours each week over an 8 week period, and will be given supporting tapes and asked to devote 10-20 minutes per day to this practice. The control group will receive relaxation tapes.
To determine individual predisposition to noise a noise sensitivity scale (Weinstein scale) will be modified. Ten items will be 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 has already been tested by our previous research (Black, et al, In Press). The questionnaire has been developed from an international, well-established questionnaire instrument (Ware and Sherbourne, 1992, Ware, 2000, Ware et al, 1993) that has been translated and applied in over 40 countries of the world. It 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) will also be added to our research instrument to measure HRQoL. For each health measure, a summary score in the range of 0 to 100 will be obtained with the SF-36 algorithm, with a higher score implying a more positive health status. 
A set of closed-end question for assessing hypertension will be 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, closed-end questions for assessing this history of hypertension of parent(s) and high cholesterol status will be asked:. “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. 

The modified annoyance measurement will consist of two sections. Each section will consist of two questions assessing annoyance from traffic noise and aircraft noise. The first section aims to measure 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 (see, Job, et al, 2001).
The questionnaire will be designed to capture all potential confounders. The confounder questions such as employment status, exercise activities, smoking status, alcohol consumption, nutrition and demographic characteristics will be adapted from the Australian Bureau of Statistics, but some questions will be designed specifically for this research. For instance, a question measuring smoking status of other members of the household will be included to eliminate the impact of passive smoking. A question asking how long has the respondent lived in his/her house will be included 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?”) will be added to the questionnaire to eliminate the effect from acoustic insulation (which has been a feature of the noise management plan at Sydney Airport). 
Identification of noise exposed areas in Sydney will use the latest primary data from Airservices Australia on the average daily number of noise events greater than 70 dBA to determine environmental noise stress in the residential areas from which the sample will be drawn. This metric overcomes the highly variable daily and seasonal patterns of air traffic over particular residential properties.
 The analyses of association between prevalence of hypertension and aircraft noise exposure will be divided into two sub-sections: (a) aircraft noise exposure – chronic noise stress; and; (b) chronic noise stress – prevalence of hypertension, based on the evidence that “Aircraft noise has indirect impacts to hypertension. It disturbs daily activities and creates chronic noise stress which becomes a mediating factor for hypertension in the future”. The analyses will compare the changes in the outcome measures between the control and intervention group. All analyses will be intention to treat.  The pathways that mediate change will be explored using Structural Equation Modelling.
Participants in the intervention and the control group will be followed up using the same mail-out procedure of the three questionnaires at 6 months and at 12 months. At 6 months we will measure whether stress, hypertension and health and well-being measures are significantly different between the two groups. At 12 months the research team will ascertain whether the hypothesized lower stress levels and general health and well-being have been maintained in the intervention group.

7. Conclusions

In the analogy drawn from Blue Ocean Strategy “red oceans” represent all of the current airport environmental management techniques in existence today and “blue oceans” represent all of the management techniques not in existence today. The analogy was developed by describing current environmental policies, regulations and practice at Australian airports, with particular reference to Sydney Airport – Australia’s major gateway. The limitation in these largely reactionary approaches to government legislation suggest that a “blue ocean strategy” for a generic pro-active and innovative airport environmental management practice for its managers and consultants should be based on trans-disciplinary thinking, reconfiguring the organization to manage an “Impact Management System” (as described in Section 3), and recognizing the significance of the impacts of airport operations on community health and well-being (see Section 4).

To reinforce the social importance of this latter point, Section 5 has described the results of our research into the aircraft noise affects on quality of life in Sydney, Australia, by causing stress and hypertension. Subjects (aged 15 – 87) chronically exposed to aircraft noise have odds of 2.61 61 (95% CI 1.42 - 4 .80) of having stress, and those chronic noise stress individuals have odds of 2.74 (95% CI 1.55 - 4.84) of having hypertension compared with those without chronic noise stress. The cause (aircraft noise) will not disappear (quieter planes but more traffic and no prospect of second Sydney commercial airport) so innovating mitigation strategies are required.

. 

An example of a detailed research design for intervention by airport management has been included in this paper. It is based on techniques for chronic pain management in Western medicine (techniques from Chinese traditional medicine could equally well be subject to clinical trials) as being equally, or more effective, in reducing chronic stress from long-term exposure to environmental noise than prescription drugs. We would anticipate that behavioral modifications would reduce stress and hypertension in self reported health assessment compared to those not receiving this treatment. The significance of the expected findings to be reported later, somewhere from the “blue ocean”, is that the techniques could be transferred to other populations and to other places in the world. 
Both the assessment and the treatment of aircraft noise impacts around airports represent important issues for all levels of government, for the general community, for organisations involved with airport operations and for many other parties. Specifically for the general community, investment in such research and development will inform policy initiatives to improve the quality of life for those exposed to aircraft noise. The process of innovation should be led by the new airport managers schooled in the trans-disciplinary way of thinking in the “blue ocean.” Given these social imperatives, environmental management strategies in the “blue ocean” must be well founded on new interventions and mitigation techniques hitherto not considered. 
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Table 1
 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


Table 2
Logistic Model to Predict Presence/Absence of Chronic Noise Stress

	Variable
	Coeff.
	Std. Err.
	Wald
	df
	Sig
	Odds Ratio
	Odds Ratio

95% CI

	
	
	
	
	
	
	
	Lower
	Upper

	GROUP
	0.958
	0.312
	9.455
	1
	0.002
	2.608
	1.416
	4.804

	SEN
	0.057
	0.017
	11.347
	1
	0.001
	1.059
	1.024
	1.094

	ANNOTRAF
	0.376
	0.073
	26.537
	1
	0.000
	1.456
	1.262
	1.680

	ANNOAIR_7
	2.699
	0.408
	43.799
	1
	0.000
	14.872
	6.686
	33.079

	ANNOAIR_7 by ANNOTRAF
	-0.257
	0.092
	7.757
	1
	0.005
	0.773
	0.645
	0.927

	Constant
	-5.062
	0.583
	75.423
	1
	0.000
	0.006
	
	


Table 3
Logistic Model to Predict Presence/Absence of Prevalence of Hypertension
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	Coeff.
	Std. Err.
	Wald
	df
	Sig
	Odds Ratio
	95% CI
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	Upper

	STR_7
	1.008
	0.290
	12.124
	1
	0.000
	2.741
	1.554
	4.835

	GROUP
	-0.484
	0.276
	3.082
	1
	0.079
	0.616
	0.359
	1.058

	CHOL
	1.350
	0.262
	26.562
	1
	0.000
	3.858
	2.309
	6.446

	AGE
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	0.009
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	1
	0.000
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	0.530
	0.258
	4.228
	1
	0.040
	1.700
	1.025
	2.818

	Constant
	-5.906
	0.623
	89.921
	1
	0.000
	0.003
	
	






































