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ABSTRACT 

 

Abstract of thesis entitled:  Perception of Noise Annoyance 

Submitted by:                      Li Hak Nang 

For the degree of:               Doctor of Philosophy 

at the Hong Kong Polytechnic University in October 2011. 

 

 Annoyance has long been recognized as a major noise impact which impairs 

individuals’ well-being. Many noise mitigation measures have been proposed to 

alleviate the problem of noise annoyance. However, the factors influencing noise 

annoyance perception and their impacts on annoyance perception have not been fully 

investigated. Also, there are still some knowledge gaps in relation to annoyance 

perception which should be resolved for facilitating better decision making. Hitherto, 

there is no protocol available for estimating the monetary benefit gains arising from 

reduced annoyance in a probabilistic manner. Also, it is unclear whether the annoyance 

prediction model can be applied to a mixed noise situation, e.g. in the presence of both 

human and road noise, which is quite common in Hong Kong. Accordingly, this thesis 

intends to accomplish four major objectives in relation to noise annoyance perception. 

Firstly, it aims to study the inter-relationships among sound characteristics, people’s 

characteristics, and the environment by formulating a multivariate stochastic model to 

predict noise annoyance. Secondly, it aims to study the impact of a greenery view or a 



III 

 

sea view nearby on the moderation of noise annoyance perception at home. Thirdly, it is 

intended to evaluate the monetary benefits derived from reduced annoyance. All the 

above investigations are based on an underlying premise that road traffic was the major 

noise source. Accordingly, the final objective is to formulate an annoyance model to 

portray the response to a mixed road traffic noise and human noise situation. The mixed 

noises annoyance problem was addressed by conducting a series of laboratory 

experiments with individuals having similar socio-economic backgrounds, while a series 

of field surveys were carried out with residents of several housing estates in Hong Kong 

for addressing the remaining three objectives.  

 The findings derived from the multivariable stochastic models revealed that 

acoustical parameters, personal characteristics like age, education attainment, noise 

sensitivity and health conditions as well as the duration of time spent at homes all 

influence individuals’ noise annoyance perception. The presence of several 

neighbourhood characteristics such as greenery and sea is able to lower the likelihood 

of inducing high noise annoyance. A sea view can moderate noise annoyance even 

though its effect is not as strong as a greenery view. Upon detailed examination, types 

and amount of greenery settings are shown to have different effects on moderating 

noise annoyance perception.  

On the other hand, the willingness-to-pay (WTP) value for reduced annoyance is 

found to vary with the household income level and the annoyance rating reported by an 

individual for the existing dwelling. The WTP per dB reduction per household is found to 

be increased nonlinearly from HK$6.0 at 55 dB(A) to $8.5 at 75 dB(A) for the high 

income group, and from $4.8 at 55 dB(A) to $6.8 at 75 dB(A) for the low income group. 
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 Under mixed noises situation, annoyance responses to ‘single dominant’ noise 

sources and ‘no dominant’ noise sources are found to be significantly different even 

under the same dB(A) level. Road traffic noise is found to be the dominant noise source 

in case the sound pressure level of the road traffic noise is higher than that of human 

noise by more than 6 dB(A). 

The findings revealed from this thesis pose a significant contribution to the 

knowledge as both greenery and sea views are determined to be able to reduce noise 

annoyance. This has a profound impact on city planning and building designs as 

alternative and complimentary strategies are available for moderating noise annoyance 

at dwellings and promoting good well-being for modern city-dwellers. Of equal 

importance is that the protocol developed for estimating the monetary benefits arisen 

from reduced noise annoyance can be used to provide essential cost-benefit 

information for evaluating the financial viability of the proposed noise mitigation 

measures.  Also, the formulated models for road traffic noise are also applicable for 

predicting annoyance responses from individuals living in residential dwellings which 

are exposed to both human and road traffic sources and the sound pressure level of 

road traffic noise is higher than that of human noise by more than 6 dB(A).  

 

Keywords: Noise annoyance; Ordered logit model; Discrete Choice Model; Nature; 

Willingness-to-pay; Mixed-noise 
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CHAPTER 1 

INTRODUCTION 

 

1.1 The worldwide problem - environmental noise 

Noise problems have received increasing concern in community nowadays. 

Considerable attention in the past and even now has been put on occupational noise 

(Concha-Barrientos et al., 2004). Recently, there is a growing interest on revealing the 

impact of environmental noise on human. Environmental noise, also known as 

community noise, is defined as noise emitted from all sources like roads, rails and air 

traffic, industries, construction and public work, and neighbourhoods but exclude 

industrial workplaces (Berglund et al., 1999). 

Nowadays, ample evidence suggests that environmental noise has 

overwhelming effects on people worldwide. For example, 40% of the inhabitants in the 

European Union were exposed to equivalent noise levels exceeding 55 dB(A) during 

daytime and more than 30% exposed to the same noise levels during night time (The 

National Board of Health and Welfare, 2001). Interestingly, noise problem is the only 

environmental issue for which the number of complaints has increased in Europe since 

1992 (European report, 1996). In the US, it was estimated that noise levels had raised 

by more than 11% over the last decade since 1991 and that noise levels would continue 

to rise at least as rapidly as the growth of general population (Suter, 1991).  

Transportation is one of the major sources of environmental noise. It is believed 

that urban noise increased with road traffic flow, with bus and heavy truck being the 

main contributors (Seto et al., 2007). It was estimated that 22% of the population of the 
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European Union were exposed to transportation noise level exceeding 65 dB during the 

day, for which many European countries considered to be unacceptable (Miedema & 

Oudshoorn, 2001). According to the report issued by the Organization for Economic Co-

operation and Development (1990), “Transport is by far the major source of noise, 

ahead of building or industry, with road traffic being the chief offender.” In Hong Kong, 

noise pollution was ranked the third among the five studied social concerns, which 

include air pollution, security, traffic jam and cleanliness. More than a half of the 

respondents participated in a survey considered road traffic noise to be the most 

annoying source (Wong et al., 2002). All this evidence tends to suggest that 

environmental noise is a serious problem worldwide. 

Environmental noise may cause many impacts, which include sleep disturbance, 

communication disturbance, myocardial infarction, ischemic heart disease, hypertension, 

hearing impairment, etc. Among them, noise annoyance is the most widely studied and 

concerned impact as just a daily noise exposure of 55 dB(A) was shown to be able to 

cause serious annoyance responses (Berglund et al., 1999). Nowadays, substantial 

efforts and resources have been spent on monitoring and mitigating the noise impacts 

within compact city areas by focusing mainly on reducing sound pressure level (Schultz, 

1978; Sato et al., 1999; Klӕboe et al., 2000; Korfali & Massoud, 2003). Unfortunately, 

ample evidence suggests that the correlation between sound pressure level and 

number of complaints is not as strong as anticipated (Job, 1988; Paunović et al., 2009), 

and the influence of non-acoustic factors in relation to source, receiver and context on 

community’s noise reactions has been determined to be as significant as pure acoustic 

factors (Miedema & Vos, 1999; Jakovljevic et al., 2009). None of the models explored 
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the effect of neighbourhood environmental characteristics, like greenery and sea, on the 

perception of noise annoyance. Above all, few models developed so far can predict an 

individual’s annoyance response based on a multitude of acoustic and non-acoustic 

factors. Besides, there is no protocol available for estimating the monetary benefit gains 

arising from reduced annoyance or the value of nature for reducing annoyance in a 

probabilistic manner. Also, it is of paramount interest to explore whether the annoyance 

prediction model can be applied to a mixed noise situation, e.g. in the presence of both 

human and road noise, which is quite common in Hong Kong. Accordingly, the major 

objectives of this thesis are summarised as follows. 

 

1.2 Objectives  

This thesis aims to: 

i. investigate the effects of individuals’ perception of greenery and sea views 

on their noise annoyance responses at homes;  

ii. formulate a model to predict the likelihood of giving different degrees of 

noise annoyance responses based on a multitude of acoustic, 

socioeconomic and neighbourhood environmental factors; 

iii. evaluate the monetary benefit gains arisen from reduced annoyance and 

the value of nature for reducing annoyance by deriving the willingness-to-

pay estimates. Models have been formulated for expressing willingness-

to-pay as a function of a multitude of acoustic, personal and 

neighbourhood characteristics; 
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iv. determine whether the annoyance responses to a mix of road traffic noise 

and human noise vary with the noise composition. Experiments have been 

designed to predict whether a single dominant human noise or a single 

dominant road traffic noise contribute to the same degree of noise 

annoyance as a combined human noise and road traffic noise. 

 

1.3 Significance of the findings 

The findings arisen from this study can inform city planners and building 

designers that alternative and complimentary planning and design strategies are 

available for moderating noise annoyance at dwellings and promoting good well-being 

for modern city dwellers. The findings on whether greenery or sea in proximity to 

residential estates can help alleviate the problem of noise annoyance should lead to the 

development of an alternative and complimentary annoyance moderation strategy for 

urban planning. Besides, the findings derived from the model can help identify individual 

sub-population groups who are more susceptible to noise annoyance problem such that 

more attention can be put on these subgroups. Of equal importance is that the findings 

can also provide solid evidence for policymakers to formulate a set of neighbourhood 

planning and building design guidelines for promoting better quality of life.  

In addition, the willingness-to-pay values can be used to estimate the benefit 

gains of reduced noise annoyance and to evaluate the cost-effectiveness and value 

benefits of the proposed strategies and measures. Different noise mitigation strategies 

can then be compared for identifying the most financial viable strategy. 
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1.4 Outline of this thesis 

The general layout of this thesis is outlined as follows. Chapter 2 provides a 

comprehensive literature review on impacts of environmental noise. The potential 

impacts arisen from environmental noise exposure are summarized. With noise 

annoyance being identified as the major impact, the appropriate noise metrics and 

survey protocol for evaluating noise annoyance are discussed. Recent research findings 

are included in the latter part of this chapter and factors that may affect the perception 

of noise annoyance are discussed. 

The factors that may affect individuals’ perception of noise annoyance are 

identified in Chapter 3. In addition to the commonly studied acoustical and 

socioeconomic factors, the neighbourhood environmental characteristics like sea views 

and greenery views are intensively studied. Multivariate models have been formulated 

to predict the likelihood of an individual to give a lower annoyance response and the 

probability is expressed in terms of a list of personal and neighbourhood characteristics, 

in particular perception of greenery or sea from home. Broadly speaking, Chapter 3 can 

be systematically divided into two parts. The first part focuses on the extent of noise 

annoyance responses that can be reduced by perception of different types of greenery 

settings and different amount of greenery. The second part focuses on revealing 

whether the moderation effects of sea view and greenery view vary with some 

receptor’s personal characteristics. 

Chapter 4 attempts to reveal how a resident makes a trade-off decision between 

noise annoyance and other apartment-related attributes like monthly rent and 

management fee of apartment, and the monetary value for reducing noise annoyance is 
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derived. It is also intended to examine whether the monetary value estimates vary with 

personal characteristics like monthly income and background noise level. This is very 

important for urban development. 

Chapter 5 evaluates whether the models developed in previous chapters can 

also be applied to the presence of both human and road traffic noise are in residential 

estates. A series of controlled laboratory experiments were set up to investigate 

whether the annoyance responses to a mix of road traffic noise and human noise vary 

with the noise composition. Chapter 6 is the final chapter which presents the 

conclusions and recommendations of this study. 
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CHAPTER 2 

A LITERATURE REVIEW ON ENVIRONMENTAL NOISE 

 

2.1 Adverse effects from environmental noise 

The literature review on environmental noise in this chapter starts off with an 

overview of the major impacts from environmental noise. Generally, environmental 

noise impacts can be broadly classified into short-term and long-term effects. Short-

term effects include sleep disturbance (arousal route), communication disturbance 

(sound masking route) and concentration disturbance (attention route). On the other 

hand, long-term effects include annoyance, cognitive impairment, and cardiovascular 

diseases like myocardial infarction and ischemic heart disease (Miedema, 2007). Others 

also regarded hypertension as an adverse health impact caused by road traffic noise 

(Öhrström et al., 2007). Arguably, long-term noise effects are often related to health 

impacts rather than emotional impacts, and they were considered to be the 

consequences of an accumulation of short-term emotional stress (Rylander, 2004). 

 

2.1.1 Sleep disturbance 

Environmental noise has already been shown to be an agent for causing sleep 

disturbance (Stansfeld et al., 2000). A study in Norway showed that 6.1% of urban 

residents exposed to railway noise blamed environmental noise as the major agent for 

causing them difficulties in falling asleep or awakening during the night (Aasvang et al., 

2008). Environmental noise may affect sleep in various ways. It can lead to degradation 

in sleep quality, disturbance of functioning, performance or mood in the following day. 
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Noise of sufficient intensity may affect sleep pattern, and cause an increase in the 

number of people reporting difficulties in falling asleep. Noise exposure during sleep 

may increase blood pressure, heart rate and finger pulse amplitude as well as body 

movements (Hollander et al., 2004).  

Earlier evidence has indicated that noise may cause sleep disturbance. 

Awakenings during sleep by noise are regarded as the major consequence of sleep 

disturbance. The number of awakenings was found to be proportional to the noise 

exposure experienced by residents in night and across nights (Öhrström et al., 1988). 

There may be some habituation effects to sleep disturbance by noise, however, 

complete habituation does not occur, in particular for heart rate (Vallet et al., 1983).  

Exposure to noise also induces secondary effects, which are measured the day 

following a night-time exposure, while an individual is awaken (Berglund et al., 1999). 

Secondary effects include lower perceived sleep quality, increased fatigue, depressed 

mood or well-being, and degraded performance. 

Sleep disturbance would occur if more than 50 noise events occurred per night 

with a maximum level of 50 dB(A) indoors (Stansfeld & Matheson, 2003). And a 

reduction of noise level by 6-14 dB(A) was found to be beneficial for relieving the 

problem of sleep disturbance (London Health Commission, 2003).  

 

2.1.2 Communication disturbance 

Results from many laboratory tests suggest that noise exposure impairs mental 

performance (Hollander et al., 2004). Performance is impaired by irrelevant 

conversation nearby as noise from conversation may contribute to arousal, alter task 
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strategy, and distract attention to the performing task, and the effects depend on the 

intensity and meaning of the speech. Noise exposure may also slow rehearsal in 

memory, influence processes of selectivity in memory, and choice of strategies for 

carrying out tasks (Smith & Broadbent, 1992). There is also evidence indicating that 

noise may reduce helping behaviour, increase aggression, and reduce the processing 

of social cues seen as irrelevant to task performance (Jones et al., 1983). The 

susceptibility of complex mental tasks to disruption by ‘irrelevant speech’ also suggests 

that reading, with its reliance on memory, may also be impaired. Many activities 

involving speech can be severely interfered by environmental noise.  

Among all, tasks that involve central processing and language comprehension, 

like reading, attention, problem solving and memory appear to be mostly influenced by 

noise (Stansfeld & Matheson, 2003). Prolonged exposure to noise is found to be 

associated with deficits in sustained attention, visual attention and concentration, with 

poorer auditory discrimination and speech perception, memory impairment, and poor 

reading ability and school performance.  

 

2.1.3 Cardiovascular syndromes 

Common cardiovascular syndromes caused by excessive environmental noise 

include myocardial infarction, ischemic heart disease and hypertension. In a meta-

analysis of 43 studies in relation to noise exposure and heart diseases, exposure to 

road traffic noise was associated with a higher risk for myocardial infarction (van 

Kempen et al., 2002). People exposed to outdoor traffic noise levels above 70 dB(A) 

during the day were 30% more likely to suffer from myocardial infarction than those 
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exposed to noise levels below 60 dB(A). The chance was found to increase to 80% in 

case they had lived at their present address for more than 10 years (Babisch et al., 

2005). Other factors like people with diabetes, family history of myocardial infarction as 

well as smoking habit may also be the cause of myocardial infarction. Nevertheless, a 

strong correlation has not yet established and a concrete conclusion could not be drawn.  

Although noise annoyance was reckoned to be associated with ischemic heart 

disease incidence in Babisch’s study (Babisch et al., 2003), the findings revealed from a 

recent meta-analysis suggested that the relationship between noise exposure and 

ischemic heart disease was still inconclusive. The inconclusive results are probably due 

to the limitations inherent in exposure characterization, adjustment for important 

confounders, and the occurrence of publication bias (van Kempen et al., 2002).  

Further, hypertension is also a common cardiovascular syndrome associated 

with elevated noise levels. A positive association was found between noise level and 

the occurrence of hypertension, and the association was stronger at higher noise levels 

(Öhrström et al., 2007). Elevated blood pressure levels were observed for school-aged 

children living or going to school near a major transportation noise source with noise 

level being ranged between 95 dB(A) and 125 dB(A) (Evans & Lepore, 1993). It was 

almost twice as likely that people living in noisy neighbourhoods for more than 10 years 

had hypertension as those who did not live in noisy neighbourhoods (Barregard et al., 

2009). Gender and length of residence were also associated with the incidence of 

hypertension and use of hypertension medication (Bluhm et al., 2007). Nevertheless, 

the association between long-term environmental noise exposure and hypertension was 

found to be weak (Berglund & Lindvall, 1995).  
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Although a small effect on cardiovascular health risk under noise exposure, as 

mentioned in the above studies, is deemed highly plausible, the statistical evidence for 

a causal relation between noise exposure and cardiovascular health risk is considered 

to be on the verge of conclusive (Hollander et al., 2004). Several methodological 

shortcomings may cause this problem. First, the exposure assessment is inadequate as 

many of the studies were of the cross sectional type. Second, a majority of studies had 

limited possibilities of controlling confounding variables like employment status, 

neighbourhood effect, and selection bias which are extremely important with respect to 

the occurrence of cardiovascular disease.  

 

2.1.4 Hearing impairment 

Hearing impairment is a widely recognized noise impact. A hearing handicap is 

defined as the disadvantage imposed by hearing impairment sufficiently severe to affect 

one's personal efficiency in the activities of daily living (ISO 1999). The hearing 

handicap is usually evaluated in terms of the capability of understanding a conventional 

speech in low levels of background noise.  

Affecting the understanding of speech is usually regarded as the major 

consequence of hearing impairment. Hearing loss is considered as a severe social 

handicap owing to the fact that speech is the most efficient means of social 

communication. Approximately 10 million people in the US had permanent or 

irreversible hearing loss from noise or trauma (Healthy People, 2010). 

In a case control study, noise-exposed persons were found to have much higher 

degree of shearing losses than their relatively unexposed age cohorts (Rosen & Olin, 
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1965). Noise-induced hearing loss can be the result of continuing exposure to high 

levels of sound in the workplace or in recreational settings.  

The problem of hearing impairment is of particular concern if there is a prolonged 

exposure to loud music during leisure activities like attending concerts and listening to 

music through headphones (Passchier-Vermeer & Passchier, 2000). This is especially 

the case when the peak sound pressure level exceeds 120 dB(A). A cumulative 

exposure to relatively moderate levels of 70 dB(A) already leads to an irreversible loss 

of hearing (Rosenhall et al., 1990). Despite so, the risks for hearing impairment at 

typical environmental levels of exposure are rather low. 

 

2.1.5 Cognitive development of children 

In order to examine the chronic effect of aircraft noise on the reading 

comprehension ability of children, experiments were carried out at two schools (Evans & 

Maxwell, 1997). One of which was a quiet school and another was a relative noisy 

school where planes from a nearby airport flew over every 6 minutes with the resulting 

classroom decibel levels being 90 dB(A). The experimental results suggested that 

children from the noisy school performed poorer in reading than the counterpart. 

The observation can possibly be explained by the fact that long term exposure to 

road traffic or aircraft noise could impair cognitive development in children, like reading 

comprehension, speech intelligibility, recognition memory, motivation, attention, problem 

solving, and performance on standardized tests (Stansfeld et al., 2005), even though 

their sustained attention, self-reported health, and overall mental health were not 

impaired. 
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Also, some evidence suggested that children exposed to environmental noise in 

a long term would have significant delays in reading (Evans, 2006). Noise exposure 

also slowed down the rehearsal in memory, influenced processes of selectivity in 

memory and choice of strategies for carrying out tasks (Stansfeld & Matheson, 2003). In 

particular, exposure to uncontrollable noise made children more vulnerable and children 

generally performed discrimination tasks better in quiet environment than in noisy 

environment (Evans & Maxwell, 1997). 

 

2.1.6 Annoyance 

Annoyance is the most-studied response to noise exposure, probably due to its 

subjective nature such that it is relatively easy to be assessed. It is less well-defined as 

compared with other noise impacts, possibly because the phenomenon of noise 

annoyance is too complex for us to give an exact definition to noise annoyance. An 

earlier definition of annoyance is given as “a feeling of displeasure associated with any 

agent or condition, known or believed by an individual or group to adversely affect them” 

(Koelega, 1987). However, other negative emotions like anger, disappointment, 

dissatisfaction, withdrawal, helplessness, depression, anxiety, distraction, agitation, or 

exhaustion were also conceived to be part of noise annoyance responses (Job, 1993).  

Indeed, problems of noise annoyance have been frequently reported worldwide. 

Thirteen-percent of the sampled individuals exposed to road traffic noise above 50 dB(A) 

for 24 hr reported the annoyance problem (Bluhm et al., 2004). In particular, the risk of 

annoyance caused by noise increased by forty-percent if an individual was living along 

an arterial urban street (Seto et al., 2007). 
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The degree of annoyance provoked by noise exposure depends on a number of 

factors including sound level, spectral characteristics and variations with time of the day 

or season. However, noise level could only explain 25-30% of the observed variance in 

the annoyance response reported (Hollander et al., 2004). On the other hand, it is 

suggested that the degree of annoyance was also influenced by non-acoustical factors 

like age, psychological status, individual noise sensitivity and fear with respect to the 

source (Guski, 1999; Job, 1999, Stallen, 1999). Noise annoyance is always assessed 

through surveys. Road traffic noise, railway noise and aircraft noise are the most 

common environmental noises that have been evaluated so far. Annoyance-response 

relations have been established for these noises. They are often given as a percentage 

of the people who are highly annoyed or as a mean annoyance level under a particular 

noise level. 

 

2.2 Noise surveys for eliciting annoyance responses 

Noise surveys are often utilized to elicit noise annoyance responses. Usually 

respondents are interviewed to elicit their responses to a specified noise source at their 

residences. The collected responses will be analyzed with a main focus on 

understanding the annoyance responses from respondents to the acoustical noise 

environment, and how these responses are affected by a range of personal and social 

characteristics.  

Although eliciting noise annoyance responses through noise surveys is a 

universal practice until now, it is often recognized that inconsistencies in the reporting of 

research results hinder the accumulation of knowledge from these noise surveys. 
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Studies lacking the basic information about the survey details sharply limit the 

conclusions that can be drawn about dose-response relationships and the effects of 

other variables on noise annoyance. Only a small proportion of studies have contributed 

to the broader goal of developing generalizable knowledge about the annoyance 

responses to environmental noise. Efforts have been made to develop professional 

standards for guidelines for the development of noise survey data collection protocol. 

Professional standards for the reporting of social survey data were established by public 

opinion organizations (American Association for Public Opinion Research, 1996). 

Professional standards for acoustical report statements are also available in ISO 

Standards. It is recognized that survey data reporting standards are as important as 

survey data collecting standards, and guidelines for reporting core information from 

community noise response surveys were also established (Fields et al., 1997). In 

essence, a noise survey should embrace the collection of basic information about the 

survey details like survey date, survey location, site selection, sample size, survey 

methods in the reporting.  

 

2.2.1 Noise annoyance scales 

Revealing noise annoyance response is always a crucial focus in a noise survey. 

Noise annoyance responses are often elicited using verbal or numerical noise 

annoyance scales. Verbal scales normally do not have more than five points as too long 

a scale makes the annoyance rating task too cumbersome, while scales of one or two 

point are not utilized as the range of alternatives is not sufficient to reveal the difference 

in ratings (Fields et al., 2001). The verbal scale is needed for the clearest presentation 
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of the degree of annoyance to the respondents (ISO, 2003). It is expected that choosing 

a word from the verbal scale is easy to be performed by respondents of any degree of 

sophistication in any culture. In a typical verbal scale the annoyance responses were 

elicited from respondents by asking them whether the noise they exposed to was ‘highly 

annoying’, ‘somewhat annoying’ or ‘not annoying’ (Norwegian Pollution Control Agency, 

2000). On the other hand, numerical scales have been frequently used as the scale 

points are equally spaced, for which the assumptions for regression techniques can be 

met (Fields et al., 2001). The use of numerical scale also reduces the possibility of 

distortion by idiosyncratic interpretations of the verbal labels for scale points. A 0-10 

mono-polar numeric scale (‘0’-10 graded; ‘0’ stands for ‘Not at all’ and ‘10’ stands for 

‘Extremely’) has been recommended to be used for eliciting annoyance responses in 

surveys (ISO, 2003). 

Since both verbal and numerical scales have their own merits and drawbacks, it 

is not uncommon to use both scales in the same noise survey to reveal the noise 

annoyance responses so that more reliable annoyance responses can be obtained.  

 

2.2.2 Noise metrics 

In addition to noise annoyance responses, noise survey should always specify 

the noise metric utilized in the survey. The most common noise metrics employed in a 

noise survey include LAeq and LMAX. LAeq refers to the A-weighted equivalent sound 

energy level over a specified period of time, for example, 24 hours, as adopted in some 

previous studies (Sato et al., 1999). Another study, which analyzed the annoyance 

caused by a high-speed train, adopted a LAeq of 45 second instead (de Coensel et al., 
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2007). The A-weighting is commonly used in noise surveys and is intended to correlate 

the frequency response of human hearing system. LMAX refers to the maximum sound 

energy level within the time frame under consideration (Berglund, 1999). Different noise 

metrics have different applications. LAeq is considered to be more appropriate when the 

sound is continuing, like in the case of road traffic noise. LMAX is often used when noise 

disturbance is caused by small numbers of discrete events. Distinct events from noise 

sources like aircraft noise and railway noise are often measured by LMAX. LMAX is also 

more preferred in describing irregular noise situations, especially when the background 

noise level is low. 

Other noise metrics like the day-night average sound level (DNL) and the day-

evening-night average sound level (DENL) have also been used to represent the 

average noise level over a twenty-four hour period. The DNL differs from LAeq in that a 

10 dB penalty is applied to the noise level measured at night. DENL further penalizes 

the noise level in evening by 5 dB. DNL and DENL have been mainly applied in 

evaluating the aircraft noise annoyance problem. 

Further, some psycho-acoustical parameters like loudness, sharpness, 

fluctuation strength and roughness have also been used to model annoyance 

responses. Loudness differs from A-weighting in that it also measures the magnitude of 

noise volume and reflects the spectral masking characteristics of the human ear. 

Loudness is a value used to represent how human perceive a particular sound volume. 

It is often measured in sones, for which a sone refers to a sound of 1 kHz tone at a level 

of 40 dB.  
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Sharpness is also used to characterize steady-state noise. It differentiates two 

sounds of equal loudness by focusing on the proportion of loudness within high critical 

frequency bands. The sound with greater sharpness has louder frequency components 

within the high frequency bands, which are more sensitive to human ear. Sharpness is 

measured in acum, which is referenced to a narrowband noise centred at 1 kHz with a 

level of 60 dB. 

Fluctuation strength is used to characterize dynamic noise. It takes into account 

the temporary variation in the loudness spectrum due to frequency modulation between 

0.25 Hz and 20 Hz. Fluctuation strength is measured in vacil, which is referenced to a 1 

kHz tone at 60 dB that is frequency-modulated by a 4 Hz sine wave with a modulation 

factor of one. Roughness is also used to characterize dynamic noise, but focuses on the 

temporary variation in the loudness spectrum due to frequency modulation between 20 

Hz and 300 Hz. Roughness is measured in asper, which is referenced to a 1 kHz tone 

at 60 dB that is frequency-modulated by a 70 Hz sine wave with a modulation factor of 

one.  

 

2.3 Research studies following the annoyance approach 

Earliest research studies adopted the annoyance approach to study the 

relationship between noise source characteristics and the associated annoyance 

responses. A regression model is often formulated for revealing the annoyance-

response relationship under the annoyance approach. The earliest noise survey 

conducted to elicit the annoyance responses from respondents can be dated back to 

1978 (Schultz, 1978). In this study, acoustical sound energy level was found to 
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associate with annoyance responses and a relationship between DNL and percentage 

of respondents highly annoyed was derived. However, it is later revealed that acoustical 

factors could merely account for 20% of the variance of annoyance response (Job, 

1988). Recently, there is a growing body of evidence suggesting that non-acoustic 

factors like personal characteristics are as important as sound pressure levels in 

influencing noise annoyance responses. However, up to now, there is little consensus 

on how personal characteristics affect noise annoyance responses. Miedema and Vos 

(1999) found that more educated individuals tended to report higher annoyance, but 

Klæboe et al. (2004) and Fields (1993) did not find any relationship between education 

status and noise annoyance perception. Pathak et al. (2008) revealed that unmarried 

people was more significantly affected by noise annoyance but Klæboe et al. (2004) 

and Fields (1993) did not find any relationship between them. Klæboe et al. (2004) 

found that the youngest age group suffered more from noise annoyance, but Miedema 

and Vos (1999) found that not only the younger age group but also the older age group 

suffered more from noise annoyance. All in all, noise sensitivity is apparent to be the 

only personal characteristics that have been confirmed to exert influences on the 

perception of noise annoyance (Fields, 1993; Miedema and Vos, 1999).  

In evaluating the correlation between noise annoyance and socioeconomic 

factors, different types of models have been applied for the analysis. Pathak et al. (2008) 

applied a chi-square model to analyze the relationship between annoyance perception 

and marital status, and a p-value of less than 0.05 was found from the chi-square test. 

This suggested that the null hypothesis (no relationship between annoyance perception 

and marital status exists) can be rejected and the correlation did not occur by chance. 
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Miedma and Vos (1999) applied a multivariate linear regression to analyze the effects of 

various socioeconomic variables on the annoyance perception. They evaluated the 

relative contribution of the individual socioeconomic factor to the explained variance of 

noise annoyance. Besides noise sensitivity, the attitudinal factor ‘fear’ was also found to 

have great influence on the perception of noise annoyance. Klæboe et al. (2004) used 

an ordinal logit model to establish an ‘empirical’ relationship for annoyance-response. 

The effects from different age groups were also analyzed in their model. Individuals 

aged between 20 and 29 years old suffered the most from noise annoyance. A smaller 

yet noticeable effect was also observed for individuals aged between 30 and 39 years 

old. 

Even though many acoustical and socioeconomic factors have been embraced in 

formulating annoyance-response functions, it is recognized that the size of variance 

explanation of the annoyance-response functions, as revealed by the magnitude of the 

model fit information like r-square, is still limited. Guski (1999) suggested that one-third 

of the annoyance variation could be explained by acoustical factors including sound 

level, peak levels, sound spectrum, etc; and another one-third could be explained by 

non-acoustical factors like socioeconomic factors as above. And the remaining one-third 

would be due to the presence of unknown factors which could also influence the 

perception of noise annoyance.  

 

2.4 The need of a soundscape approach 

Later, Schulte-Fortkamp & Nitsch (1999) suggested soundscape as a new 

approach towards the traditional theory of noise annoyance. The traditional annoyance 
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approach attempts to investigate the acoustical environment at a micro level, which 

refers to the analysis of acoustical composition of noise events and psycho-acoustical 

parameters. The characteristics of the noise source and the people with a particular 

personal characteristic who are actually suffering from the problem of noise annoyance 

are the main focus at this micro level. 

The soundscape approach differs from the traditional annoyance approach in 

that it also considers the macro level of the acoustical environment. The macro level 

refers to the descriptions of noise events that are happening in the comparable 

soundscapes like streets, urban areas and towns. As the visual scenes of the 

soundscapes and the matching of the visual scenes with the noise events are also 

taken into account in the soundscape approach, a more comprehensive explanation to 

the perception of noise annoyance can been accomplished with. 

 

2.4.1 A review of soundscape approach in evaluating annoyance 

responses 

The soundscape concept is introduced as a scope to evaluate noise annoyance 

responses observed in socio-acoustical noise surveys. The word “soundscape” was first 

introduced by Schafer (1969) to denote an auditory equivalent to (visual) landscape, 

defined as an environment created by sound. The concept of soundscape explicitly 

includes a subjective component, namely the way in which the environment is perceived 

and understood by an individual or by a community (Truax, 1978).  

Soundscape suggests exploring noise in its complexity and its ambivalence, and 

hence soundscape research tends to investigate the conditions and purposes of its 
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production, perception, evaluation, which account for a human-centred point of view 

(Schulte-Fortkamp & Dubois, 2006). The soundscape environment is considered as a 

mediator between humans, their activities and the environment. The soundscape 

approach aims to study the improvement of the relationship between the living 

environment and the soundscape (Wrightson, 2000). Soundscape assessment should 

be dedicated to evaluate not only acoustical but also other sensory, aesthetic, 

geographic, social, psychological and cultural modalities in the context of human activity 

across space, time, and society (Schulte-Fortkamp & Dubois, 2006). In a soundscape 

assessment, emphasis is placed on examining noise not just by its physical properties, 

but also by studying the social meanings attached to the sound, and also the 

relationship between the perceiver response and the environment. 

 

2.4.2 Natural environment as a rural soundscape 

Many recent soundscape researches tended to accentuate the positive aspects 

of rural soundscapes and highlight the negative aspects of urban soundscapes. This is 

logical because natural environments like rural soundscape can enhance individual’s 

health and well being by providing physiological and emotional restoration (Herzog et al., 

1997; van den Berg et al., 2003). Human basically respond positively to natural contents 

by engaging the mind and promoting a positive emotion of well-being, particularly when 

they are mentally fatigue (Tennessen & Cimprich, 1995). Natural environment can help 

relieve stress by reducing blood pressure and muscle pains, and by restoring from 

mental fatigue (Ulrich et al. 1991). The positive emotions aroused helps reduce 

unpleasant thoughts and feelings and hence foster physiological stress recovery. 
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The term tranquillity has also been utilized to refer to the rural soundscape 

environment. Relative tranquil rural areas are believed to be more likely to provide 

people with the space and conditions to relax and allow them to withdraw from stress. 

Several important elements characterize the nature of a relative tranquil area: a low 

density of people, a low level of artificial noise, and a relatively natural landscape 

appearance with little human influence on the territory (Ray, 2006). According to the 

Attention Restoration theory (Kaplan, 1995), tranquil area facilitates ‘effortless attention’ 

which is contrasted with urban area. The tranquil area enables an individual to recover 

from attentional fatigue and promotes a sense of psychological well-being. However, the 

value of tranquillity is mediated through individual perceptions and depends very much 

on individual experience.  

 

2.4.3 Visual scenes in altering noise annoyance perception 

The role of natural environment or tranquil area in altering the perception of 

soundscape has eventually led to the investigation of the interaction between audio and 

visual perception, and its effect on noise annoyance response. Aesthetically pleasing 

scenes have been shown to be able to influence an individual’s noise annoyance 

response by altering the perception of soundscape. Bad visual scenes would 

contaminate judgments of what being heard (Viollon et al., 2002). Visibility of noise 

sources directly from their homes was generally reported to be suffered more from 

noise annoyance (Bangjun et al., 2003). A positively evaluated landscape (Maffiolo et 

al., 1999), a simple presence of, or a better accessibility to parks and nearby green 

spaces could reduce the long-term noise annoyances of resident dwellers (Gidlöf-
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Gunnarsson & Öhrström, 2007), or lower dissatisfaction with traffic noise (Kastka & 

Noack, 1987). However, most of the past efforts tended to only suggest that an 

association existed between the existence of natural greenery and noise annoyance 

reduction. It is only until recently that the amount of greenery was shown to exert 

different moderation effects on noise annoyance (Gidlöf-Gunnarsson & Öhrström, 2007).  

 

2.4.4 Recent soundscape researches 

Nowadays, soundscape researches have been carried out in different 

dimensions. Given the complexity of soundscape evaluation, it is often not feasible to 

take all potential soundscape modifiers into account in one single study. Jang and Kook 

(2005) intended to identify the best introduced sound in several visual landscapes 

including park, garden, bus terminal and street. The studied  sounds included existing 

sound at each visual landscape, streaming water sound, environmental music, 

gayageum music, guitar music, music box sound, sea gull sound, wave and boat whistle 

sound, cuckoo sound, fulling cloth sound, Korean fusion music, piano music, wind bell 

sound, locust sound, water sound at valley, and sound from temple bell. And their 

results showed that the best introduced sound varied from location to location. Temple 

bell was rated to be the best introduced sound along the park pathway, but wave and 

boat whistle sound was rated the best at the hill with ocean view in the park. Artificial 

music like guitar sound could be helpful in the street but not in the bus terminal which 

was more crowded and noisy. On the other hand, almost all of the sounds were found to 

worsen the sound environment inside the garden. Matching of sounds with a visual 

landscape is a very important element in the soundscape environment. 
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Ge and Hokao (2004) aimed to study the effect of various sounds on the whole 

soundscape inside the Saga Forest Park in Japan. The soundscape components fell 

into four categories: natural sound, silence, social sound and artificial sound. The 

natural sounds included tree rustling sound, water flowing sound and chirping sounds 

from birds and insects. The social sounds were mainly from children playing and 

conversation. The artificial sounds were mainly from music and announcement. The 

results suggested that natural sound and silence accounted for about seventy-percent 

of the soundscape components and they were the most important soundscape 

component inside the Park. Following this observation it was suggested that more 

species of plants and waterfronts should be included in order to induce more natural 

sound sources and therefore enhance the soundscape of the Park. Further, different 

soundscape zones have been proposed to fit the different purposes of the Park. For 

example, it was suggested that the sports/games playing zone and resting zone in the 

Park should have a different soundscape component. 

Berglund & Nilsson (2006) utilized structured listening walks to evaluate the 

soundscape quality of residential areas. Soundscape quality of the exposed side and 

shielded side of buildings was carefully examined under three scenarios namely outdoor, 

indoor with open window and indoor with closed window. The soundscape quality of the 

shielded side of a building was assessed to be less adverse than the exposed side 

provided that the noise level was not high. It was also revealed that the soundscape 

quality could not be solely determined from noise level. Even though the sound 

pressure level from indoor environment could be much less than the outdoor 

environment, the soundscape quality was not rated significantly better. This suggested 
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that the building structure inside the soundscape could also affect the soundscape 

quality in addition to the nature of sounds and the visual scenes. 

Yang & Kang (2005) intended to examine the human sound preference in urban 

squares.  The common categories of sounds found in the urban square included traffic, 

machinery, surrounding speech, birds and wind. Same as previous researches, natural 

sounds were found to be more favourable than urban sounds. In addition, age of 

respondents was shown to exert a significant impact on how people perceived the 

sounds. Older people tended to be more favourable to natural sounds. This showed that 

the sound preference could also be influenced by personal backgrounds in addition to 

the nature of sound. 

Lavandier & Defréville (2006) intended to evaluate urban soundscapes by the 

contribution of sound source characteristics. Urban soundscapes under examination 

included classical street, market and park in Paris. The common sound categories 

identified in their study included car, moped, motorcycle, bus, adult voices, child voices 

and birds. In addition to the energetic characteristics of sound sources, they also 

included the time characteristics of sound sources in their analysis. Their analysis 

suggested that the incorporation of the information about sound source characteristics 

to the perceived loudness could help explain the variances observed in the subjective 

evaluation of urban soundscapes, and sole recognition of decibel level was insufficient 

in the evaluation of soundscapes. 

Semidor (2006) proposed the soundwalk method for soundscape evaluation. 

Sound recordings were performed with a binaural system while invited participants were 

walking along a route with different urban forms. Based upon such an approach it was 
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expected that information of the sound environment recorded by the equipment could 

be associated with visual urban scene as well as urban activities as experienced by the 

participants along the walk. 

Lam et al. (2010) studied the correlations between human preference of 

soundscape and the perceptual terms including quietness, joyfulness, activeness, 

stableness and naturalness. They found that many perceptual factors had considerable 

correlation with soundscape preference. In their study the effects of different types of 

sounds including stream, bird, sea waves, wind, waterfall, insect, human, road traffic 

and aircraft on soundscape preference were also analyzed. Their results suggested that 

acoustical metrics accounted for the human preference of sound to a limited extent. In 

general, lower preference scores were observed for unwanted sounds like human noise 

and transportation noise. This once again emphasized the importance of the nature of 

sound on soundscape composition. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 

 

6.1 Conclusions 

Noise annoyance has been recognized to be the most important noise impact, 

and regarded to be well correlated with the background noise level. However, a growing 

body of evidence suggesting that non-acoustic factors also influence noise annoyance 

perception to significant degrees.  

In this thesis, multivariate stochastic models were successfully formulated for 

predicting the likelihood of giving a particular noise annoyance response based on a 

multitude of acoustic, socioeconomic and neighbourhood environmental factors. The 

findings derived from the formulated model have led to a conclusion that the perception 

of neighbourhood environmental characteristics like sea and greenery can moderate the 

noise annoyance at homes. Different types of greenery settings (greenery classified as 

garden and parks and grassy hill in this study) and different amount of greenery have 

been shown to be able to moderate noise annoyance to different degrees. On the other 

hand, sea view is shown to be able to moderate noise annoyance, but its moderation 

effect is less than that of a greenery view. Also, the moderation effects of a sea view 

and a greenery view vary with some receptor’s personal characteristics. A longer time 

exposure to greenery views can increase the likelihood in feeling less annoyed, while 

the younger individuals having sea views at homes tend to feel less annoyed than older 

individuals having sea views. Besides, acoustical parameters, personal characteristics 
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such as age, education attainment, noise sensitivity and health as well as the duration 

of time spent at homes also influence individuals’ noise annoyance perception.  

On the other hand, the monetary worth of reduced noise annoyance was 

estimated. It is reckoned that the willingness-to-pay (WTP) value for reduced 

annoyance varies with household income level and the annoyance rating assigned by 

an individual for the existing dwelling. The WTP per dB reduction per household is 

found to be increased nonlinearly from HK$6.0 at 55 dB(A) to $8.5 at 75 dB(A) for the 

high income group, and from $4.8 at 55 dB(A) to $6.8 at 75 dB(A) for the low income 

group. This should provide benefit information for examining the financial viability of the 

proposed noise mitigation measures. 

Nevertheless, all the foregoing findings were derived based on an underlying 

premise that road traffic noise was the major noise source. Given that both road traffic 

noise and human noise may exist at many residential estates in Hong Kong, it is 

intended to determine whether the models developed in the previous chapters can also 

be applied to the context of a residential estate where human noise source is also 

present. To address this objective, a series of controlled laboratory experiments were 

set up to investigate the noise composition characteristics that warrants the application 

of a single dominant human noise model, a single dominant road traffic noise model or 

a combined human noise and road traffic noise model.  

Under mixed noises situation, annoyance responses to ‘single noise dominant’ 

noise sources and ‘no dominant’ noise sources are found to be significantly different 

even under the same dB(A) level. Road traffic noise is found to be the dominant noise 

source when the sound pressure level of road traffic noise is higher than that of human 
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noise by more than 6 dB(A), and the effect of human noise on noise annoyance is 

negligible in this case. Accordingly, it is anticipated that the models formulated in the 

previous chapters can also be applied to residential dwellings where the sound pressure 

level of road traffic noise is higher than that of human noise by more than 6 dB(A). 

Above all, the findings revealed from this thesis pose a significant contribution to 

the knowledge as both greenery and sea views are shown to be able to reduce noise 

annoyance. This has a profound impact on city planning and building designs as 

alternative and complimentary strategies are available for moderating noise annoyance 

at dwellings and promoting good well-being for modern city-dwellers. Of equal 

importance is that the protocol developed for estimating the monetary benefits of 

reduced noise annoyance and value of tree in reducing annoyance can provide 

essential cost-benefit information for evaluating the financial viability of the proposed 

noise mitigation measures in a probabilistic manner.  

 

6.2 Recommendations for future work 

It is suggested that the moderation effect of nature on noise annoyance 

perception can be further investigated by extending the scope beyond grassy hill, 

garden and park, and coastal sea. Future research may extend to other natural features 

like tree canopy, scrub, woodland, river and lake in order to provide a more holistic 

assessment on the types of natural features that can help relieve the noise annoyance 

problem. It is also worth studying whether other natural features such as swamp and 

pond exert negative effect on noise annoyance perception as they are generally less 

preferred by individuals. 
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Further, the noise environment in Hong Kong is quite complicated. It is quite 

common that residents in many housing estates in Hong Kong may expose to other 

noise sources, such as railway and construction. Although the models formulated in this 

thesis are shown to be able to apply to a mixed-noise environment comprising road 

traffic noise and human noise,  more experiments should be performed in order to more 

accurately predict the annoyance responses under these situations. 

On the other hand, the validity of our findings are only confined to individual 

groups who shares similar personal characteristics as our respondents despite a 

sufficient number of respondents being sampled for our analysis in the field surveys. 

Additional surveys should be conducted to investigate whether our findings can be 

extended to those who have substantially different personal characteristics to reduce 

the possibility of sampling bias and improve the reliability of the results. 

Likewise, although a sufficient number of respondents have been sampled to 

achieve a good model fit in our analysis for mixed-noise experiments, our results are 

confined to young individual groups with similar educational background. More samples 

should be collected to investigate whether a demarcation point value of 6 dB(A) for a 

mixed traffic noise and human noise is also valid for individuals with different socio-

economic backgrounds. 
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APPENDIX A  
 

 

Academic Research Questionnaire (sample) 

 

Introduction 

Hi, I am a student from Department of Building Services Engineering, the Hong Kong Polytechnic 

University. Currently, we are conducting an academic research survey about the willingness to pay 

to reduce the annoyance caused by noise. I hope you could spend 3 to 4 minutes to complete the 

questionnaire. 

 

Part 1 – Perception about noise  

 

1. How much does noise from road traffic bother, disturb or annoy you for the moment? 

(Please mark only one box)  

Not at all annoyed                                                      Unbearable 

 0 1 2 3 4 5 6 7 8 9 10 

            

How would you rate it if using the following verbal scale?  

□Not at all annoyed □Slightly annoyed □Moderately annoyed □Very annoyed □Extremely annoyed 

 

2. Thinking about the last 12 months or so, when you are at home, how much does noise 

from road traffic bother, disturb or annoy you? (Please mark only one box) 

Not at all annoyed                                                      Unbearable 

 0 1 2 3 4 5 6 7 8 9 10 

            

How would you rate it if using the following verbal scale?  

□Not at all annoyed □Slightly annoyed □Moderately annoyed □Very annoyed □Extremely annoyed 

 

3.  Do other things about road traffic bother, disturb or annoy you where you live?  

(Seen over the last 12 months) 

a)  Air pollution and obnoxious smells: (Please mark only one box) 

□Not at all □Slightly □Moderately □Very □Extremely 

 

b)  Dust and dirt: (Please mark only one box) 

□Not at all □Slightly □Moderately □Very □Extremely 

 

c)  Vibrations and tremors: (Please mark only one box) 

□Not at all □Slightly □Moderately □Very □Extremely 
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 Part 2 – Demographic Background 
 
1. Sex:      □ Male   □ Female 
 
2. Age:      □ 19 or below  □ 20 - 29  □ 30 - 39  

□ 40 - 49   □ 50 - 59  □ 60 or above 
      
3. Educational Level:   □ Primary School   □ Secondary School   

               □ Degree            □ Master or above  
 

4. Types of Residence：  □ Public Housing □ Private Housing □ Other 

 
5. Property Ownership:   □ Self- Own   □ Rented   □ Staff Quarters 

□ Others 
 
6. Personal Monthly Income: □ $4,999 or below   □ $5,000-$9,999  

□ $10,000-$19,999   □ $20,000-$29,999   
 □ $30,000-$39,999   □ $40,000-$49,999 

                        □ $50,000-$59,999   □ $60,000-$69,999 
                              □ $70,000-$79,999   □ $80,000-$89,999  
                               □ $90,000-$99,999   □ $100,000 or above 
 
7. Expenditure decision maker:          □ Yes    □ No  

 
8. Apartment address: ________________________________________________________ 

 

9. Apartment orientation: (East/Southeast/South/Southwest/West/Northwest/North/Northeast) 

 

10. Apartment level:    □1/F – 5/F  □6/F – 10/F   □11/F – 15/F  

     □16/F – 20/F □21/F – 25/F □26/F – 30/F 

□31/F – 35/F □36/F – 40/F □41/F – 45/F 

□46/F – 50/F □Above 50/F  

 

11. Health status:    □Very bad  □Bad  □Average  
□Good   □Very good  

 

12. Noise sensitivity:   □Very sensitive □Sensitive □Average  
□Not sensitive  □Not sensitive at all  

 
13. Perceiveness of greenery:     □ Yes (Plenty)   □ Yes (Little)   □ None  
 
 
 

~ The End ~ 
~ Thank You ~ 
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APPENDIX B  
 

 

Academic Research Questionnaire (sample) 

 

Introduction 

Hi, I am a student from Department of Building Services Engineering, the Hong Kong Polytechnic 

University. Currently, we are conducting an academic research survey about the willingness to pay 

to reduce the annoyance caused by noise. I hope you could spend 3 to 4 minutes to complete the 

questionnaire. 

 

Part 1 – Perception about noise  

 

1. How much does noise from road traffic bother, disturb or annoy you for the moment? 

(Please mark only one box)  

Not at all annoyed                                                      Unbearable 

 0 1 2 3 4 5 6 7 8 9 10 

            

How would you rate it if using the following verbal scale?  

□Not at all annoyed □Slightly annoyed □Moderately annoyed □Very annoyed □Extremely annoyed 

 

2. Thinking about the last 12 months or so, when you are at home, how much does noise 

from road traffic bother, disturb or annoy you? (Please mark only one box) 

Not at all annoyed                                                      Unbearable 

 0 1 2 3 4 5 6 7 8 9 10 

            

How would you rate it if using the following verbal scale?  

□Not at all annoyed □Slightly annoyed □Moderately annoyed □Very annoyed □Extremely annoyed 

 

 

Part 2 – Choice of residential environment (*data collected for chapter 4) 

 

1. Your most preferred housing orientation is (East/South/West/North) and your least 

preferred housing orientation is (East/South/West/North). 

2. Under normal condition, the time taken for you to access to the nearby public 

transportation is __________ minutes.minutes.minutes.minutes. 

3. According to Part 1, the noise annoyance you encountered at home in the last 12 months 

or so would be: 

□Not at all annoyed □Slightly annoyed □Moderately annoyed □Very annoyed □Extremely annoyed 
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4. The rent / management fee you are paying each month is about $ __________. 

 

 

Part 3 - Discrete Choice Questions (*data collected for chapter 4) 

 

(Selection between living condition and noise annoyance) 

There are eight pairs of choice cards in the following, each of them represents of two different living 
environments. Indicate your preference by simply putting a ”x” in the one to represent the one you 
most prefer. 
 

Combination 1 

         

   Scenario 1  Scenario 2          

 Major apartment orientation  Most preferred  Least preferred    

 
Time required to travel to 
the nearby public 
transportation facilities 

 20% more  20% more    

 Annoyance level  Remain unchanged  One level less    

 
Additional monthly rent / 
management fee 

 $25 more  $50 more     Neither  

 More Preferred Scenario:     (            )  (            )  (            )  
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Combination 2 

         

   Scenario 3  Scenario 4          

 Major apartment orientation  Most preferred  Least preferred    

 
Time required to travel to 
the nearby public 
transportation facilities 

 20% more  20% less    

 Annoyance level  One level less  One level less    

 
Additional monthly rent / 
management fee 

 No additional charge  $50 more     Neither  

 More Preferred Scenario:     (            )  (            )  (            )  

 

Combination 3 

         

   Scenario 5  Scenario 6          

 Major apartment orientation  Most preferred  Least preferred    

 
Time required to travel to 
the nearby public 
transportation facilities 

 20% less  20% more    

 Annoyance level  One level less  One level more    

 
Additional monthly rent / 
management fee 

 No additional charge  $75 more     Neither  

 More Preferred Scenario:     (            )  (            )  (            )  

 

Combination 4 

         

   Scenario 7  Scenario 8          

 Major apartment orientation  Most preferred  Least preferred    

 
Time required to travel to 
the nearby public 
transportation facilities 

 20% less  20% less    

 Annoyance level  One level more  Remain unchanged    

 
Additional monthly rent / 
management fee 

 $25 more  $75 more     Neither  

 More Preferred Scenario:     (            )  (            )  (            )  
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Combination 5 

         

   Scenario 9  Scenario 10          

 Major apartment orientation  Most preferred  Most preferred    

 
Time required to travel to 
the nearby public 
transportation facilities 

 20% more  20% less    

 Annoyance level  Remain unchanged  One level more    

 
Additional monthly rent / 
management fee 

 $25 more  $25 more     Neither  

 More Preferred Scenario:     (            )  (            )  (            )  

 

Combination 6 

         

   Scenario 11  Scenario 12          

 Major apartment orientation  Least preferred  Least preferred    

 
Time required to travel to 
the nearby public 
transportation facilities 

 20% more  20% less    

 Annoyance level  One level less  Remain unchanged    

 
Additional monthly rent / 
management fee 

 $50 more  $75 more     Neither  

 More Preferred Scenario:     (            )  (            )  (            )  

 

Combination 7 

         

   Scenario 13  Scenario 14          

 Major apartment orientation  Most preferred  Least preferred    

 
Time required to travel to 
the nearby public 
transportation facilities 

 20% more  20% less    

 Annoyance level  Remain unchanged  One level less    

 
Additional monthly rent / 
management fee 

 $25 more  $50 more     Neither  

 More Preferred Scenario:     (            )  (            )  (            )  

 
 
 
 
 
 



 

 

149

Combination 8 

         

   Scenario 15  Scenario 16          

 Major apartment orientation  Most preferred  Most preferred    

 
Time required to travel to 
the nearby public 
transportation facilities 

 20% more  20% less    

 Annoyance level  One level less  One level more    

 
Additional monthly rent / 
management fee 

 No additional charge  $25 more     Neither  

 More Preferred Scenario:     (            )  (            )  (            )  

 
 
 Part 4 – Demographic Background 
 
1. Sex:      □ Male   □ Female 
 
2. Age:      □ 19 or below  □ 20 - 29  □ 30 - 39  

□ 40 - 49   □ 50 - 59  □ 60 or above 
 

3. Marital Status：    □ Single   □ Married 

      
4. Educational Level:   □ Primary School   □ Secondary School   

               □ Degree            □ Master or above  
 

5. Types of Residence：  □ Public Housing □ Private Housing □ Other 

 
6. Property Ownership:   □ Self- Own   □ Rented   □ Staff Quarters 

□ Others 
 
7. Mainly Home-Staying Period: □ Morning (6am-12nn)  □ Afternoon(12nn-6pm)  

□ At Night(7pm-12am)  □ Mid-night(12am-6am)  
(more than one answer can be chosen)  

 
8. Occupational Status:   □ Self-Employed  □ Employed  □ Student                 

                        □ House-wife     □ Retired      □ Other 
 
9. Personal Monthly Income: □ $4,999 or below   □ $5,000-$9,999  

□ $10,000-$19,999   □ $20,000-$29,999   
 □ $30,000-$39,999   □ $40,000-$49,999 

                        □ $50,000-$59,999   □ $60,000-$69,999 
                              □ $70,000-$79,999   □ $80,000-$89,999  
                               □ $90,000-$99,999   □ $100,000 or above 
 
10. Household Monthly Income: □ $4,999 or below   □ $5,000-$9,999  

□ $10,000-$19,999   □ $20,000-$29,999   
 □ $30,000-$39,999   □ $40,000-$49,999 

                        □ $50,000-$59,999   □ $60,000-$69,999 
                              □ $70,000-$79,999   □ $80,000-$89,999  
                               □ $90,000-$99,999   □ $100,000 or above 
 
11. Expenditure decision maker:          □ Yes    □ No  
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12. Apartment address: ________________________________________________________ 

 

13. Apartment orientation: (East/Southeast/South/Southwest/West/Northwest/North/Northeast) 

 

14. Apartment level:    □1/F – 5/F  □6/F – 10/F   □11/F – 15/F  

     □16/F – 20/F □21/F – 25/F □26/F – 30/F 

□31/F – 35/F □36/F – 40/F □41/F – 45/F 

□46/F – 50/F □Above 50/F  

 

15. Health status:    □Very bad  □Bad  □Average  
□Good   □Very good  

 

16. Noise sensitivity:   □Very sensitive □Sensitive □Average  
□Not sensitive  □Not sensitive at all  

 
17. Perceiveness of greenery:     □ Yes (Plenty)   □ Yes (Little)   □ None  

 
18. Perceiveness of sea:          □ Yes             □ No 
 
 
 
 

~ The End ~ 
~ Thank You ~ 
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APPENDIX C  
 

 

Academic Research Questionnaire (sample) 

 

Introduction 

Hi, we are conducting an academic research about the annoyance reactions from environmental 

noises. We should be appreciated if you can spend about 15 minutes to complete the 

questionnaire. 

 

Part 1 – Perception about environmental noises 

 

Thirteen different noise scenarios will be now displayed to you. Each of the scenarios lasts for thirty 

seconds. A break of thirty seconds will be provided between the noise scenarios. Please indicate 

how much these noises bother, disturb or annoy you in chronological order in the following table. 

Please use the following scale when reporting your annoyance level for each scenario. 

 

Not at all annoyed                                                      Unbearable 

 0 1 2 3 4 5 6 7 8 9 10 

            

 

 

 Annoyance level (Please mark only one box for each noise 

script) 

 0 1 2 3 4 5 6 7 8 9 10 

Noise script 1            

Noise script 2            

Noise script 3            

Noise script 4            

Noise script 5            

Noise script 6            

Noise script 7            

Noise script 8            

Noise script 9            

Noise script 10            

Noise script 11            

Noise script 12            

Noise script 13            
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 Part 2 – Demographic Background 
 
1. Sex:      □ Male   □ Female 
 
2. Age:      □ 19 or below  □ 20 - 29  □ 30 - 39  

□ 40 - 49   □ 50 - 59  □ 60 or above 
 

3. Marital Status：    □ Single   □ Married 

      
4. Educational Level:   □ Primary School   □ Secondary School   

               □ Degree            □ Master or above  
 

5. Occupational Status:   □ Undergraduate student □ Research student                
                        □ Research assistant    □ Other 

 

6. Health status:    □ Very bad  □ Bad  □ Average 
□ Good   □ Very good 

 

7. Noise sensitivity:   □ Very sensitive □ Sensitive  □ Average 
□ Not sensitive □Not sensitive at all 

 
 
 
 

~ The End ~ 
~ Thank You ~ 
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APPENDIX D  
 

 

 

 

學術研究問卷（樣本） 

 

 

導言 

您好，我是一名香港理工大學屋宇設備工程學系的學生。目前我們正進行有關市民對道路噪

音帶來的煩擾的研究。希望您可以花 3 至 4 分鐘完成問卷。 

 

 

 

 

第 1 部分 - 有關噪音的理解 

1. 請問現時的道路噪音有否為您帶來煩擾? 程度如何? 

 

沒有                                                              極度煩擾 

 0 1 2 3 4 5 6 7 8 9 10 

            

 

如果只有以下五個程度, 您會如何形容這個程度? 

□沒有        □少許煩擾        □中度煩擾       □非常煩擾       □極度煩擾 

 

2. 試回想過去 12 個月在家的時候, 道路噪音有否為您帶來煩擾? 程度如何? 

 

沒有                                                              極度煩擾 

 0 1 2 3 4 5 6 7 8 9 10 

            

 

如果只有以下五個程度, 您會如何形容這個程度? 

□沒有        □少許煩擾        □中度煩擾       □非常煩擾       □極度煩擾 
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3. 試回想過去 12 個月在家的時候, 道路噪音有否為您帶來其他煩擾? 程度如何? 

 

a. 空氣污染和厭惡的氣味 

□沒有  □少許煩擾  □中度煩擾  □非常煩擾  □極度煩擾 

 

b. 灰塵和污垢 

□沒有  □少許煩擾  □中度煩擾  □非常煩擾  □極度煩擾 

 

c. 聲音振動 

□沒有  □少許煩擾  □中度煩擾  □非常煩擾  □極度煩擾 

 

    

    

第 2 部分 - 個人資料 

 

1. 性別:                   □男性      □女性 

 

2. 年齡:                   □ 19 以下   □ 20-29         □ 30-39 

   □ 40-49      □ 50-59         □ 60 或以上 

 

3. 教育程度:               □小學   □中學 

                           □學位      □碩士或以上 

 

4. 住居類型:               □公屋   □私人住宅      □其他 

 

5. 物業業權:               □私人擁有  □租              

□員工宿舍       □其他 

 

6. 個人收入 (每月) :        □$4,999 或以下   □$5,000-$9,999 

                           □ $10,000-$19,999   □ $20,000-$29,999   

                           □$30,000-$39,999   □ $40,000-$49,999 

                     □ $50,000-$59,999   □ $60,000-$69,999 

                           □ $70,000-$79,999   □ $80,000-$89,999  

                           □ $90,000-$99,999   □ $100,000 或以上 

 

7. 支出決策者:             □是         □否 

 

8. 住所地址: ________________________________________________________ 
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9. 單位方向:             東 / 東南 / 南 / 西南 / 西 / 西北 / 北 / 東北 

 

10. 單位樓層:              □1/F – 5/F     □6/F – 10/F      □11/F – 15/F 

           □16/F – 20/F     □21/F – 25/F   □26/F – 30/F 

□31/F – 35/F     □36/F – 40/F   □41/F – 45/F 

□46/F – 50/F     □50/F 或以上  

 

11. 健康狀況:              □非常差         □差              □普通 

                          □好             □非常好   

 

12. 噪音敏感度:            □非常敏感     □敏感            □普通 

                          □不敏感         □完全不敏感   

 

13. 可在住所看到綠化地方:  □看到很多     □看到少許        □看不到 

 

 

 

 

 

 

完 
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APPENDIX E  
 

 

 

學術研究問卷（樣本） 

 

 

導言 

您好，我是一名香港理工大學屋宇設備工程學系的學生。目前我們正進行有關市民對減低道

路噪音願意付出的價值的研究。希望您可以花 3 至 4 分鐘完成問卷。 

 

 

第 1 部分 - 有關噪音的理解 

1. 請問現時的道路噪音有否為您帶來煩擾? 程度如何? 

 

沒有                                                              極度煩擾 

 0 1 2 3 4 5 6 7 8 9 10 

            

 

如果只有以下五個程度, 您會如何形容這個程度? 

□沒有        □少許煩擾        □中度煩擾       □非常煩擾       □極度煩擾 

 

2. 試回想過去 12 個月在家的時候, 道路噪音有否為您帶來煩擾? 程度如何? 

 

沒有                                                              極度煩擾 

 0 1 2 3 4 5 6 7 8 9 10 

            

 

如果只有以下五個程度, 您會如何形容這個程度? 

□沒有        □少許煩擾        □中度煩擾       □非常煩擾       □極度煩擾 

 

 

第 2 部分 - 居住環境的選擇 

1. 您最喜歡的單位方向是（東/南/西/北）。您最不喜歡的單位方向是（東/南/西/北）。 

2. 在正常情況下, 您前往附近的公共交通設施所需的時間是__________分鐘。 

3. 根據第 1 部分, 您在家裡遭受的噪音煩擾程度是: 

□沒有        □少許煩擾        □中度煩擾       □非常煩擾       □極度煩擾 

4. 您每月付出的租金/管理費約為$ $ $ $ __________。 
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第 3 部分 - 離散選擇題 

 

 

（生活狀況和噪音煩擾之間的選擇） 

以下有八張選擇卡。每張選擇卡有兩種不同的居住環境。請選擇您最喜歡的那個居住環境,並

在那個選擇下打“X” 號。 

 

 

 

組合    1111    

               

   居住環境    1111        居住環境    2222                

 單位方向  最喜歡  最不喜歡    

 
前往附近的公共交

通設施所需的時間 
 快 20%  快 20%    

 煩擾程度  維持不變  煩擾少一度    

 
每月額外租金/管

理費 
 多付 $25  多付 $50     兩者都不喜歡     

 
較喜歡的居住

環境::::    
    (            )  (            )  (            )  

    

    

組合    2222    

               

   居住環境    3333        居住環境    4444                

 單位方向  最喜歡  最不喜歡    

 
前往附近的公共交

通設施所需的時間 
 快 20%  慢 20%    

 煩擾程度  煩擾少一度  煩擾少一度    

 
每月額外租金/管

理費 
 維持不變  多付 $50     兩者都不喜歡     

 
較喜歡的居住

環境::::    
    (            )  (            )  (            )  
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組合    3333    

               

   居住環境    5555        居住環境    6666                

 單位方向  最喜歡  最不喜歡    

 
前往附近的公共交

通設施所需的時間 
 慢 20%  快 20%    

 煩擾程度  煩擾少一度  煩擾多一度    

 
每月額外租金/管

理費 
 維持不變  多付 $75     兩者都不喜歡     

 
較喜歡的居住

環境::::    
    (            )  (            )  (            )  

    

    

組合    4444    

               

   居住環境    7777        居住環境    8888                

 單位方向  最喜歡  最不喜歡    

 
前往附近的公共交

通設施所需的時間 
 慢 20%  慢 20%    

 煩擾程度  煩擾多一度  維持不變    

 
每月額外租金/管

理費 
 多付 $25  多付 $75     兩者都不喜歡     

 
較喜歡的居住

環境::::    
    (            )  (            )  (            )  

    

    

組合    5555    

               

   居住環境    9999        居住環境    11110000                

 單位方向  最喜歡  最喜歡    

 
前往附近的公共交

通設施所需的時間 
 快 20%  慢 20%    

 煩擾程度  維持不變  煩擾多一度    

 
每月額外租金/管

理費 
 多付 $25  多付 $25     兩者都不喜歡     

 
較喜歡的居住

環境::::    
    (            )  (            )  (            )  
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組合    6666    

               

   居住環境    11111111        居住環境    12121212                

 單位方向  最不喜歡  最不喜歡    

 
前往附近的公共交

通設施所需的時間 
 快 20%  慢 20%    

 煩擾程度  煩擾少一度  維持不變    

 
每月額外租金/管

理費 
 多付 $50  多付 $75     兩者都不喜歡     

 
較喜歡的居住

環境::::    
    (            )  (            )  (            )  

    

    

組合    7777    

               

   居住環境    13131313        居住環境    14141414                

 單位方向  最喜歡  最不喜歡    

 
前往附近的公共交

通設施所需的時間 
 快 20%  慢 20%    

 煩擾程度  維持不變  煩擾少一度    

 
每月額外租金/管

理費 
 多付 $25  多付 $50     兩者都不喜歡     

 
較喜歡的居住

環境::::    
    (            )  (            )  (            )  

    

    

組合    8888    

               

   居住環境    15151515        居住環境    16161616                

 單位方向  最喜歡  最喜歡    

 
前往附近的公共交

通設施所需的時間 
 快 20%  慢 20%    

 煩擾程度  煩擾少一度  煩擾多一度    

 
每月額外租金/管

理費 
 維持不變  多付 $25     兩者都不喜歡     

 
較喜歡的居住

環境::::    
    (            )  (            )  (            )  
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第 4 部分 - 個人資料 

 

1. 性別:                   □男性      □女性 

 

2. 年齡:                   □ 19 以下   □ 20-29         □ 30-39 

   □ 40-49      □ 50-59         □ 60 或以上 

 

3. 婚姻狀況:               □單身   □已婚 

 

4. 教育程度:               □小學   □中學 

                           □學位      □碩士或以上 

 

5. 住居類型:               □公屋   □私人住宅      □其他 

 

6. 物業業權:               □私人擁有  □租              

□員工宿舍       □其他 

 

7. 在家時間:               □早上 6 點至中午 12 時         □中午 12 時至下午 6 時 

                           □下午 6 時至午夜 12 時      □午夜 12 點至早上 6 點 

 

8. 職業:                   □自僱人士  □受聘          □學生 

                           □家庭主婦  □退休人士      □其他 

 

9. 個人收入 (每月) :        □$4,999 或以下   □$5,000-$9,999 

   □ $10,000-$19,999   □ $20,000-$29,999   

   □$30,000-$39,999   □ $40,000-$49,999 

                     □ $50,000-$59,999   □ $60,000-$69,999 

                           □ $70,000-$79,999   □ $80,000-$89,999  

                           □ $90,000-$99,999   □ $100,000 或以上 

 

10. 家庭收入 (每月) :        □$4,999 或以下   □$5,000-$9,999 

   □ $10,000-$19,999   □ $20,000-$29,999   

   □$30,000-$39,999   □ $40,000-$49,999 

                     □ $50,000-$59,999   □ $60,000-$69,999 

                           □ $70,000-$79,999   □ $80,000-$89,999  

                           □ $90,000-$99,999   □ $100,000 或以上 

 

11. 支出決策者:             □是         □否 

 

12. 住所地址: ________________________________________________________ 
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13. 單位方向:             東 / 東南 / 南 / 西南 / 西 / 西北 / 北 / 東北 

 

 

14. 單位樓層:              □1/F – 5/F     □6/F – 10/F      □11/F – 15/F 

           □16/F – 20/F     □21/F – 25/F   □26/F – 30/F 

□31/F – 35/F     □36/F – 40/F   □41/F – 45/F 

□46/F – 50/F     □50/F 或以上  

 

15. 健康狀況:              □非常差         □差              □普通 

                          □好             □非常好   

 

16. 噪音敏感度:            □非常敏感     □敏感            □普通 

                          □不敏感         □完全不敏感   

 

17. 可在住所看到綠化地方:  □看到很多     □看到少許        □看不到 

 

18. 可在住所看到海:        □看到      □看不到 

 

 

 

 

 

 

完 
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APPENDIX F  

 

 

Summary of the survey studies 

Description 

 

HK 

Population* 

Study I 

(Chapter 3) 

Study II 

(Chapter 3) 

WTP Study 

(Chapter 4) 

Gender 

     Male 

     Female 

 

 

47% 

53% 

 

50% 

50% 

 

46% 

54% 

 

45% 

55% 

Age 

     <39 

     ≥40 

 

 

 

47% 

53% 

 

43% 

57% 

 

39% 

61% 

 

46%  

54% 

Education attainment 

Elementary and 

High School 

College or above 

 

 

77% 

 

23% 

 

52% 

 

48% 

 

51% 

 

49% 

 

51% 

 

49% 

 

Total sample size 

 

N/A 688 861 1572 

Average response rate 

 

N/A 40% 40% 40% 

Language used for 

conducting surveys 

 

N/A Cantonese Cantonese Cantonese 

* Data obtained from the Census and Statistics Department of Hong Kong 
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