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ABSTRACT

A study was undertaken to determine the change in exposure of households to road
traffic and railway noise and the residents’ annoyance reactions in a new town in
Hong Kong following the opening of an 11.4-km railway extension line. The acoustic
changes were determined by noise mapping and validated by field measurements.
Social surveys were performed six months before, three months following, and one
year after operation of the railway. The results show that despite introduction of rail-
way noise had resulted in a small increase in total noise exposure, the annoyance of
the residents decreased over time during the study period, indicating that annoyance
was not significantly related to noise exposure levels or the magnitude of change in
noise exposure. A separate but parallel questionnaire survey for a different cohort of
residents was undertaken to determine if annoyance reaction could be modified by
bias in the available information and use of the new railway service. The results from
these two surveys provide circumstantial evidence to indicate that the attenuation of
annoyance over time could be partly attributable to media sensitization around the
time of railway opening and the gradual adoption of the rail as a mode of transport by
local residents. Findings of these surveys should have implications in environmental
management.

INTRODUCTION

This study investigated the change in acoustic environment of a new town in Hong
Kong following the opening of a new railway extension. The literature abounds with
examples showing that changes in the acoustic environment may cause changes in
human annoyance reactions and performance in undertaking daily activities. How-
ever, these studies also show that there is no simple relationship between human
annoyance reactions and the magnitude of acoustic change (Miedema & Vos 1998),
particularly when the change is sudden. Based on a comprehensive review of the
literature, Brown and van Kamp (2005) suggested that there is as yet no conclusive
evidence to show that people overreact to such step changes and the purported re-
sponse may attenuate over time. They called for further investigations on human
noise-annoyance responses in dynamic acoustic situations using a multi-stage
framework to collect the data needed to determine if overreaction indeed exists and
persists.

Many studies have shown that annoyance reactions are shaped not only by the ab-
solute noise level but also by the magnitude of acoustic change, the shift in the
dominant noise source, as well as many other non-acoustic factors (Lambert 1998;
Joncour et al. 2000; Lam et al. 2008) that may provoke noise responses even more
intense than those induced by acoustic ones (Job & Hatfield 1998). The interactions
among acoustic and non-acoustic factors and their effects on noise annoyance can
be very complicated and merit in-depth investigations. Among the various non-
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believe that noise could have been avoided or reduced by the authorities (Schreck-
enberg et al. 1998). Availability and accessibility of information about noise abate-
ment procedures have also been shown to have a significant influence on people’s
noise annoyance (Solberg 2005). Increased media coverage of a new project can
also sensitize the affected local community and provoke greater negative reactions
(Hume et al. 2004). Whether or not the respondents make use of the noise-emitting
infrastructure can also possibly affect annoyance reactions. However, not many stud-
les have focused on the interactions among these non-acoustic factors and their ef-
fectiveness in shaping human noise response. Nor has any study tried to relate these
non-acoustic factors to an exaggerated noise annoyance response under a step-
change in noise exposure.

An opportunity arose in Hong Kong when an extension was added to an existing
railway network in 2004. Recognizing that the railway extension may bring about
acoustic changes and consequential human annoyance responses, the present study
attempted to determine the mode and magnitude of acoustic change and to gauge
the change in human annoyance reactions. Known as the Ma On Shan Railway
(MOSR), the new railway extension was constructed and opened in December 2004
(Figure 1) to provide train services to the Ma On Shan (MOS) New Town with a popu-
lation of around 250,000 who had previously relied on road transport to commute to
the city.

Study area of
traffic change

Rail corridor

N MOSR

4000 Meters

Figure 1: Map of the Ma On Shan Railway (MOSR) extension line in Hong Kong

This new railway extension, 11.4 km in length, run for most of its part along existing
roadways with small sections (16 % of total length) encroaching on housing devel-
opments in relatively quiet areas. The extension has changed the traffic mode of the
residents in MOS by providing them with an alternative transport mode and at the
same time bringing a new noise source to the new town. Railway noise in Hong Kong
is controlled by the Noise Control Ordinance which stipulates a maximum of 65 dB
(LAeq, 30 min) for most parts of the new town and 60 dB (LAeq, 30 min) for the qui-
eter areas. The potential railway noise impact attracted a lot of attention in the news
media lasting for several months before and shortly after opening of the railway. The
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debate focused on the adequacy of noise mitigation measures provided by the rail-
way operator.

METHODS

This research adopted a three-pronged approach to the research questions. Firstly,
the change in acoustic environment, in terms of both noise level and sound sources,
due to the operation of the MOSR was ascertained by noise mapping validated by
field noise measurements. Secondly, noise annoyance response of local residents of
MOS and its change over time was monitored by questionnaire surveys conducted
before and after the operation of the MOSR. Finally, a “control experiment” was con-
ducted to unravel possible non-acoustical factors affecting annoyance reaction by
manipulating the information provided to the residents. It is hoped that results of this
study can provide valuable information on the understanding of human noise annoy-
ance response and insightful implications on how to minimize noise annoyance reac-
tions towards new noise emitting infrastructure.

To ascertain the acoustic changes in the study area, a traffic impact study of the
MOSR was undertaken (Lam & Au 2008), using road traffic and railway operation
data obtained from official sources, traffic counts in the field and information from the
bus and minibus operators on the rescheduling, rerouting and cancellation of bus
services. These data were also used for noise exposure mapping using the software
LIMA version 5.0 estimating the facade LAeq during peak hour of the day following
the Calculation of Road Traffic Noise (CRTN) and Calculation of Railway Noise
(CRN) methods respectively. Field measurements showed that the predictions were
accurate to + 2 dB(A) in about two thirds of sites (Lam & Au 2006). Changes in the
exposure to road traffic and railway noises were determined, both separately and
combined, before and after operation of the railway extension. A total of 74,860
dwelling units were covered in the noise mapping exercise.

To gauge the human annoyance reactions to the railway noise, over 6,000 invitation
letters were dropped off at the mailboxes of all dwelling units in high-rise buildings of
18 housing estates which are in direct line of sight with the MOSR. Appointments
were then made with those who accepted the invitation and whose age was 16 or
above for a questionnaire interview at their dwellings. This was a follow-through study
lasting for 18 months comprising of three separate phases. The first was a face-to-
face interview before opening of the MOSR. Following the first interview, the respon-
dents were contacted for a follow-up face-to-face interview immediately after opening
of the MOSR and also a telephone interview one year later. In addition to ascertain-
ing the respondents’ level of annoyance towards the overall transportation noise us-
ing a 7-point numeric scale, the survey also obtained information on (a) residents’
satisfaction with their living environment; (b) impact of noise on their daily activities;
(c) their attitude towards road traffic and railway as a mode of transport; and (d)
whether or not they rode on the new MOSR.

A separate “control experiment” involving the manipulation of information and target-
ing a different cohort of respondents was conducted in parallel with the social survey
just mentioned. At about three months after opening of the new rail line, letters were
mailed to thousands of residents of housing estates in line-of-sight with the railway,
inviting them to participate in this study and to return a consent form in which they
also reported their annoyance rating of the noise from the MOSR on a 7-point scale
and their frequency of riding the train. About 2,500 completed consent forms were
received. After eliminating those with missing data, those completed by individuals
under the age of 16, those who spent less than 2 waking hours at home each day
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and those who reported extreme annoyance ratings, only 500 participants were left in
the pool for subsequent surveys. They were randomly assigned to two groups of 250
matched in annoyance rating: Group N (the negative group) and Group P (the posi-
tive group). Respondents in these two groups were provided with fact sheets contain-
ing different information. For Group N, the fact sheet listed all the additional noise
mitigation measures that could be, but had not yet been, employed to further reduce
the noise from the MOSR; for Group P, the fact sheet listed all the noise mitigation
measures that had already been employed to reduce noise from the MOSR. Both
sets of information were obtained from publicity materials published by the Govern-
ment and Railway Corporation and from extensive newspaper review. To ensure that
respondents of both groups had read the information provided, they were asked to
pick the most important five items from the information sheets. They were then re-
guested to return a questionnaire indicating their level of satisfaction with the mitiga-
tion measures already employed. 103 and 128 completed questionnaires were re-
turned from Groups N and P respectively.

A month later, another questionnaire was sent to the 231 participants who had re-
sponded to the fact sheets. This questionnaire contained 11 questions which as-
sessed their noise annoyance response in different aspects of life and a question
asking about their adaptation to the noise from the MOSR. This questionnaire was
the same for both Group N and Group P. A total of 103 and 128 respondents in
Group N and Group P respectively returned their completed questionnaires. To as-
certain the validity of the returns, an attrition analysis was undertaken and there was
no evidence to show that the respondents in later phases were biased samples of
earlier ones.

RESULTS
Traffic and noise impacts

The information collated from various sources and field counts indicates that the traf-
fic impacts were different for the main and secondary roads in the township. On the
main roads, the total vehicular flow increased because of natural growth in population
and increasing demand for transportation link with other towns and the city. On the
secondary roads, the opening of the MOSR has resulted in some reduction in traffic
flow probably because of a change in transport mode of the residents. It is notewor-
thy that the percentage of heavy vehicles decreased both on the main and secondary
roads as a result of the cancellation of franchised bus and minibus services after
opening of the MOSR.

Results of the noise mapping indicate that the noise exposure of dwellings in the
study area increased only slightly immediately after opening of the railway and there
was a further small increase one year later (Lam & Au 2008). About 30 % of the
dwellings in MOS, located mostly along the railway corridor, experienced 2 to 4 dB(A)
increase in noise level after opening of the MOSR; and majority of the rest experi-
enced an increase of less than 1 dB(A). The greatest increase took place in housing
estates located in relatively quiet parts of the new town where the background was
less than 55 dB(A).
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In addition to changes in noise exposure, the study also shows that the sources of
transportation noise have changed. Road traffic was the only source of transportation
noise in the past. After opening of the MOSR, about 40 % of the dwellings were ex-
posed to varying levels of railway noise on top of the pre-existing road traffic noise.
Since the railway was mostly constructed alongside roads, railway noise was the
dominant source (railway noise > road traffic noise by at least 5 dB(A)) in only 0.2 %
of all dwelling units. These results suggest that the original noise from road traffic
together with the small increase of traffic flow on the main roads overwhelmed the
noise from MOSR in most parts of the town.

Change in noise annoyance reactions

As afore-mentioned, the questionnaire surveys had been conducted in 3 stages. The
first survey was administered about 2 to 6 months before opening of the railway, fol-
lowed by subsequent surveys conducted 3 months, and one year after operation of
the MOSR. The results in Table 1 indicate that despite the small increase in noise
exposure after operation of the railway, the mean reported annoyance score dropped
by 0.37 on the 7-point scale (P < 0.001) after railway opening. The annoyance scores
dropped further by another 0.65 (P < 0.001) about one year later.

Analysis of the survey data shows that neither the noise exposure level nor the mag-
nitude of change was a significant determinant of noise annoyance. Results of the
same data by regression and path analyses show that while the acoustic measure-
ments were insignificant, some other factors, such as disturbance on sleeping and
perceived noisiness, were better predictors of annoyance level (Lam & Au 2008).
Such results were not unexpected as the change in noise exposure from one phase
to the next was small in magnitude.

Table 1: Change in annoyance scores at different stages of the survey

Mean annovance Standard Difference Sig of
Pair y deviation between 2 N Paired
score
phases t-test
Before MOSR opening 3.38 1.633 -0.37 361 000
3 months after MOSR opening 3.01 1.720
3 months after MOSR opening 3.44 1.853 -0.65 68 000
1 year after MSOR opening 2.79 2.057

(Mean annoyance score scale - 1: Not at all annoyed; 7: Very much annoyed)

Effects of information bias and riding frequency

Given that the change in annoyance scores could not be accounted for by acoustic
factors such as the noise exposure level and noise source, the study investigated
other possible non-acoustic factors. Realizing that opening of the new railway exten-
sion attracted a great deal of media attention and public debate on the adequacy of
noise mitigation measures, a “control experiment” was launched to determine the
extent to which biased information and riding frequency may affect annoyance ratings
(Chan & Lam 2008).

Table 2 shows the results of the ANOVA comparing the reported ratings between
Group N and Group P. Since the group members were assigned randomly, the re-
ported noise annoyance was initially not significantly different between the two
groups. It is therefore reasonable to assume that any differences between groups in
subsequent phases were induced by the biased information provided.
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Table 2: Results of ANOVA comparing the responses between Group N and Group P

Phase  Question Sample Mean Std. dev. Fvalue P value
size (2-tailed)
1 Noise annoyance N =249 N=3.76 N =0.793 0.096 0.757
caused by MOSR P=251  P=373  P=0793
2 Satisfaction with noise N =103 N =348 N=1.195 50.04 0.000*
mitigation measures P =128 P=448 P = 0.955
3 Adaptation to noise N =281 N =2.89 N =1.151 0.858 0.356
from MOSR P =100 P=273 P =1.145

* Significance detected with 95 % confidence interval

It can be seen that Group P was significantly more satisfied with the noise mitigation
measures employed than Group N (P < 0.001) in Phase 2, due to the effect of infor-
mation bias. In Phase 3, the adaptation rating reported by Group N was higher than
that reported by Group P, but the difference between the two groups was insignificant
(P > 0.356).

To ascertain the effect of frequency of riding on the railway on noise annoyance, an
ANOVA was undertaken comparing the reported annoyance scores among non-
riders, occasional riders and regular riders of the MOSR (Table 3). In Phase 1, the
difference among the three groups was significant (P < 0.001). In Phase 2, the differ-
ence among the three groups was no longer significant (P > 0.73). In Phase 3, the
adaptation also showed no significant difference among the three groups (P > 0.31).

Table 3: Results of ANOVA comparing the responses on questionnaires among non-riders (N), occa-
sional riders (O) and regular riders (R) of MOSR

Phase  Question Sample Mean Std. dev. Fvalue P value
size (2-tailed)
1 Noise annoyance N= 50 N =4.08 N =0.804 5.119 0.006*
caused by MOSR 0 =361 0=371 0=0785
R= 89 R =3.69 R =0.777
2 Satisfaction with current N= 26 N =4.00 N =1.296 0.306 0.737
nosemiigationmeas- - o=171 0=401 O=1181
R= 34 R=4.18 R =1.086
3 Adaptation to noise N= 21 N=3.14 N = 1.459 1.155 0.317
from MOSR 0 =133 0=277 0=1001
R= 27 R =2.67 R=1.144

* Significance detected with 95 % confidence interval

To ascertain whether there are interactions between information bias and MOSR rid-
ing frequency in Phase 3, a MANOVA was undertaken using a 2 (rider x non-rider) x
2 (information bias x riding frequency) between subject factorial design (Chan & Lam




ICBEN
2008

Community: 9th International Congress on Noise as a Public Health Problem (ICBEN) 2008, Foxwoods, CT

2008). The results indicate that both information bias (P < 0.01) and riding frequency
(P < 0.02) significantly affected respondents’ noise annoyance reactions, but no in-
teraction was observed between the two factors (P > 0.40).

DISCUSSION AND CONCLUSIONS

The objective of this study was to unravel factors affecting noise annoyance re-
sponse when there is a sudden increase in noise exposure following the introduction
of a new railway extension. More specifically, the study attempted to determine
whether or not non-acoustic factors play a role in shaping noise annoyance re-
sponse. The opening of a new railway extension in the MOS new town offered an
opportunity to monitor changes in the acoustic environment and human response
over a two-year period using noise mapping technique, repeated social surveys and
an experiment to gauge human reactions given different information about the rail-
way project.

For this type of study, it would be ideal to adopt the framework proposed by Brown
and van Kamp (2005) which requires the first social survey to be conducted well in
advance of the operation of the railway extension. This was unfortunately not feasible
in this study due to time and resource constraints. Nevertheless, findings of the re-
peated social surveys undertaken in this study six months before, three months fol-
lowing, and one year after, operation of the railway do provide some insight into how
local residents react to the sudden change in acoustic environment. Findings of the
social survey reveal a statistically significant decline in noise annoyance reactions
over the study period despite a small increase in noise levels caused by the new
railway noise source.

The current experimental setup does not allow all non-acoustic factors that might
possibly affect annoyance response to be fully explored. However, realizing that
opening of the new railway extension also coincides with a phase with heightened
media attention, intense public debate and possible change in the habit of transporta-
tion, the present study incorporated a “control experiment” attempting to investigate
how two non-acoustic factors, namely information bias and riding frequency, can af-
fect the annoyance response of local residents exposed to the noise created by the
new railway line. Findings of the experimental study show that information bias, de-
pending on which side of the coin is revealed to the recipient, can have quite oppo-
site effects. Respondents receiving only information on positive measures taken by
the authority to reduce noise emission are more tolerant of the noise impact, but
those receiving only critical views tend to be more annoyed because they feel that
not all measures to reduce noise have been employed. The effect of information bias
may start very strong and then decrease in magnitude but stay significant for at least
a few weeks. Regular riders were more tolerant of the new railway noise than occa-
sional riders and non-riders, but this effect, which is relatively stable over time, could
be overwhelmed by that of information bias.

The study of noise annoyance reactions towards step-changes of noise exposure
has attracted considerable attention in recent years. Findings of this study confirm
that significant changes in annoyance response can occur shortly after the introduc-
tion of a new noise-emitting infrastructure and such change cannot be ascribed en-
tirely to changes in the acoustic environment. Among the many possible factors that
may account for the temporal shift in annoyance reactions, the effects of media sen-
sitization, information bias and the habit of transportation cannot be overlooked.
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