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It is necessary to assess differences in the community response to noise among
countries for the effective implementation of noise policies. However, very little
noise annoyance data have been accumulated in countries outside Europe and
North America. Toward the establishment of a noise policy in Vietnam and to
meet global interest in noise problems in Asia, socio-acoustic surveys on the
community response to transportation noise have been carried out in Vietnam
since 2005. A total of around 9,900 responses were obtained from these surveys.
In this paper, a method of drawing exposure–response curves for noise annoy-
ance in Vietnam is presented. Representative exposure–response relationships
are proposed for road traffic and aircraft noise annoyance in Vietnam and com-
pared with those of Europe and Korea. The results show that the aircraft noise
annoyance curve for Vietnam was slightly higher than the curve obtained by the
EU but considerably lower than that for Korea. Vietnamese respondents were
less annoyed by road traffic noise than respondents in Europe and Korea. The
frequency of use and the attitude to the benefits to society of motorbikes and air-
planes were found to moderate noise annoyance in Vietnamese cities. This study
also shows a method to quantify the difference in the prevalence of annoyance
measured by five-point verbal and 11-point numerical scales. © 2016 Institute
of Noise Control Engineering.
Primary subject classification: 66.2; Secondary subject classification: 69.3
1 INTRODUCTION

Noise pollution has been a major issue affecting
quality of life and well-being not only in developed
countries but also in developing countries. In the last
half century, socio-acoustic survey data have been accu-
mulated in developed countries. Using the data, various
exposure–response relationships have been proposed and
noise control policies have been formulated, especially in
North America and Europe. In 1999, to facilitate global
coverage and applicability, “Guidelines for community
noise” was published by World Health Organization to
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improve guidance at the national and regional levels1.
Guideline values were given for specific environments,
for example, the level for outdoor living areas that is
defined as causing serious annoyance during daytime
and in the evening is 55 dB LAeq. However, it is ques-
tionable whether the findings obtained in developed
countries can be applied to developing countries. Many
papers on noise policies are concerned with whether the
approaches being taken by western countries are suitable
for implementation in Asian countries, especially devel-
oping and emerging countries2. Indeed, special effort is
required to better understand the differences in the com-
munity response to noise between developed countries
and developing and emerging countries and the implica-
tions of these differences in implementing suitable noise
control approaches.

On the other hand, the accumulation of socio-acoustic
survey data has been very limited in developing coun-
tries. For example, Vietnam is the second most populous
country in Southeast Asia, with 31.7 million people
living in urban areas accounting for 37% of the na-
tional population. The impact of a market-based eco-
nomic transformation and its high growth rate have
severely affected Vietnam's transportation conditions,
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resulting in an increasing volume of traffic and consid-
erable noise being emitted from vehicles. To ensure a
good quality of life and well-being for its citizens,
Vietnam is in urgent need of upgrading and improving
its regulations and policies of noise abatement. Although
a total of 41 noise standards had been promulgated in
Vietnam by November 2009, community noise is men-
tioned in only one standard3. The application of these
standards is very limited since they were not constructed
on the basis of Vietnamese data and were not accompa-
nied by documents on their implementation. Therefore,
research on the community response to transportation
noise in Vietnam is essential toward the establishment
of a noise policy in Vietnam and to meet global interest
in noise problems in Asia. In this paper, the representa-
tive exposure–response curves for transportation noise
in Vietnam are proposed.

2 BACKGROUNDS

2.1 Studies in Developed Countries

To increase international understanding of commu-
nity annoyance, many researchers have compiled and
synthesized the available community annoyance data.
Schultz4 reviewed social surveys on noise from aircraft,
street and expressway traffic and railroads conducted
from 1961 to 1974. Almost all the survey sites were
in Europe and North America. Schultz's curve was the
first and is the best-known relationship between trans-
portation noise exposure and community response, in which
the “percentage of the population highly annoyed” was
adopted as the common annoyance rating. The A-weighted
day-night average sound level Ldn has been used as a com-
mon measure of noise exposure. Schultz adopted a cubic
fitting function [%HA = 0.85*Ldn � 0.040*Ldn

2 +
0.00047*Ldn

3 ] to fit 161 “clustering” data points derived
from five aircraft surveys and six rail and road noise
surveys. The exposure–response relationship proposed
by Schultz has been widely accepted as a standard
means of predicting noise-induced annoyance in envi-
ronmental assessment documents. Over a decade later,
Fidell et al.5 updated the relationship by developing a
least-squares quadratic fit [%HA = 79.92 � 3.26*Ldn +
0.036*Ldn

2 ]. This equation is based on the original 161
points and 292 additional data points obtained from so-
cial surveys on aircraft, rail and street traffic noise con-
ducted since Schultz's publication. The new relationship
based on almost three times the number of data points
still provides a good fit with the relationship synthesized
in 1978.

Miedema andVos6 presented exposure–response rela-
tionships based onmore elaborate statistical assumptions
and methods than those in previous studies. The results
were based on 55 datasets that included 45 surveys by
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Schultz4 and Fidell et al.5: 20 datasets from aircraft sur-
veys, 26 from road traffic surveys and nine from railway
noise surveys. They proposed separate fitting functions
for aircraft, road and railway noise. Aircraft noise is gen-
erally considered more annoying than road traffic noise
and railway noise is considered less annoying. These
findings strongly influenced the recommended curves
in the subsequent European Union (EU) position paper
in 20027 and the EU noise regulation8. In the EU posi-
tion paper, the A-weighted day–evening–night average
sound level was recommended as a descriptor of noise
exposure. The percentage of persons highly annoyed
(%HA) or the percentage of persons annoyed (%A)
was recommended for use as the descriptor of noise an-
noyance in a population. The exposure–response func-
tions and their curves recommended in the EU position
paper were only intended for use with aircraft, road traf-
fic and railway noise and for the assessment of long-term
stable situations. The position paper recommended syn-
thesis curves for aircraft, road traffic and railway noise
that were based on studies conducted in Europe, North
America and Australia. These curves were presented
together with their confidence intervals.

Although these curves were recommended for use in
the 2002 European Noise Directive (END), discussions
on the accuracy of predictions obtained using these
curves still continue. The wide scatter of data points
for %HA at each interview site implies the contribution
of variables other than noise exposure to the reaction of
residents to noise. Addressing this argument, Fidell et al.9

developed a different approach by applying a model
based on the hypothesis that the annoyance with trans-
portation noise should increase at the same rate as the
duration-adjusted loudness of exposure. This approach
led to the creation of a new definition termed the com-
munity tolerance level (CTL). The CTL is defined as
the noise level at which half of the people in a community
describe themselves as “highly annoyed” by noise.
2.2 Recent Studies in Asia

Fields10 produced an updated catalog of 521 social
surveys of residents' reactions to environmental noise
from 1943 to 2000, with the surveys indexed by country,
noise source and date of survey. In the 521 social surveys
listed in the catalog, almost all were from developed
countries and only 79 were from Asia. Seventy of the
79 surveys carried out in Asian countries were from
Japan. Recently, most of the studies outside Japan have
been carried out in Korea, Hong Kong and China11. The
results of Asian studies suggest that the responses were
similar among Asian countries but different from those
in Western countries. Sato et al.12 and Yano et al.13 con-
cluded that non-acoustical factors such as the different
Published by INCE/USA in conjunction with KSNVE



customs of people living in Japan and Sweden and the
different types of housing significantly moderate the
annoyance caused by road traffic noise. As mentioned
above, different functions were found for aircraft, road
traffic and railway noise6. This has been reflected in
European noise regulations so that, at the same noise
level, railway noise is considered less annoying than
road traffic noise, which is called the “railway bonus.”
However, Morihara et al.14 pointed out that railway
noise is more annoying than road traffic noise in Japan,
suggesting the absence of a railway bonus. The distance
between railways and houses and the total number of
train operations are very different between Europe and
Japan, resulting in a large difference in the community
response to railway noise. This finding is consistent with
a recent study by Lim et al.15, who also claimed that a
railway bonus should not be applied in Korea.

Relationships between aircraft noise exposure and
community annoyance have been produced in several
studies from Japan, Korea and China16–18. The results
show that the noise annoyance curves in Asian studies
are higher than those in Western studies. Regarding
the effect of background noise on community annoy-
ance, different findings have been reported in Asian
and Western studies. While Fields19 showed that back-
ground noise has no effect on annoyance, Lim et al.20

concluded that the background noise level is one of the
important factors moderating community annoyance
with aircraft noise in Korea.

However, before any final conclusions are made, it
should be noted that the amounts of research and data
from Asian countries, especially developing countries
in Asia, are rather limited compared with those from
Western developed countries. Data should be accumu-
lated in each country and comparison among coun-
tries is also very important for establishing effective
national and global noise policies. The involvement of
Vietnam in such research will contribute to the knowl-
edge of environmental noise in developing and emerging
countries.
Table 1—List of socio-acoustic surveys conducted in V

Year Cities

2005 Hanoi (HN)
2007 Ho Chi Minh (HCM)
2008 Ho Chi Minh (HCM)
2009 Hanoi (HN)
2010 Hanoi (HN)
2011 Da Nang (DN)
2012 Hue (HUE)
2013 Thai Nguyen (TN)
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The variation of the community reaction to noise
evaluated by different category scales and different
languages causes difficulties in comparing the results
from different studies. Addressing this problem, Fields
and the Community Response to Noise Team (Team 6)
of ICBEN (International Commission on Biological
Effect of Noise)21 proposed a standardized method for
creating survey questions that yield an internationally
comparable measure of community response to noise.
Standardized question and noise annoyance scales were
presented in nine languages. Japanesewas the only Asian
language included in this study. Masden and Yano22

showed the equivalence of noise annoyance scales in
Japanese and English constructed with the ICBEN
method. Yano and Ma23 constructed standardized an-
noyance scales in Chinese, Korean and Vietnamese
using the ICBEN method, and surveys in China, Korea
and Vietnam were subsequently conducted using these
questions and annoyance scales. Modifiers for noise
annoyance scales in Thai have recently been proposed
and are expected to be used in future studies24.

2.3 Purpose

The purposes of the present study are as follows:

1. To establish representative exposure–response rela-
tionships as a prerequisite for formulating noise
policies in Vietnam;

2. To compare the relationships with those in EU
and Korea and to discuss any differences.
3 METHODS

3.1 Outline of Socio-Acoustic Surveys
in Vietnam

Table 1 summarizes the socio-acoustic surveys con-
ducted in Vietnam from 2005 to 2013. Two socio-
acoustic surveys on the community response to road
traffic noise were conducted in Hanoi and Ho Chi Minh
ietnam from 2005 to 2013.

Noise source

Road traffic
Road traffic
Aircraft and combination of aircraft and road traffic
Aircraft and combination of aircraft and road traffic
Combination of railway and road traffic
Road traffic and aircraft
Road traffic and combination of railway and road traffic
Road traffic
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City in 2005 and 2007, respectively. Then two surveys
on the impact of aircraft noise were conducted in these
cities in 2008 and 2009. In 2010, a socio-acoustic sur-
vey on combined railway and road traffic noise was car-
ried out in Hanoi. Socio-acoustic surveys on road traffic
and aircraft noisewere conducted in Da Nang in 2011. In
the following year, socio-acoustic surveys on road traffic
noise and combined railway and road traffic noise were
conducted in Hue. In 2013, a survey on the response to
road traffic noisewas conducted in ThaiNguyen. Figure 1
shows the cities on a map of Vietnam.

Hanoi is the capital city of Vietnam and has an esti-
mated population of 6.5 million and Ho Chi Minh City
is a major metropolitan area of southern Vietnam with a
population of 7.1 million (according to the 2009 census).
To obtain more comprehensive data for policy and regu-
latory purposes, the three surveys were carried out in
small and medium-size cities in Vietnam since 2011.
Da Nang is located in central Vietnam, between Hanoi
and Ho Chi Minh City and has approximately 900,000
inhabitants (according to the 2009 census). Hue is the
old capital, also located in central Vietnam and has a
population of 350,000. Thai Nguyen is a city in the
northeast of Vietnam, located 70 km north of Hanoi,
and has a population of 330,000 as of 2010. The cities
Survey cities

Fig. 1—Map of Vietnam showing the five
surveyed cities.
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are evenly spaced from the north to south of Vietnam
and have different sizes, cultures and climates.

All the surveys were conducted at the same time of
year, August to September. In the surveys in Hanoi and
Ho Chi Minh City, the impact of aircraft noise was
assessed in both single and mixed-noise environments,
whereas aircraft noise in Da Nang was investigated only
as a single source. The response data for aircraft noise in
mixed-noise environments are not taken into consider-
ation in this study. Railway noise data are excluded be-
cause all the responses were obtained in mixed-noise
environments. In this study, only the response data for
road traffic and aircraft noise as a single source are taken
into consideration.
3.2 Site Selection

The survey sites in the road traffic noise surveys
were selected to reflect a wide range of noise exposure
levels. The sites were chosen to cover various traffic
volumes and characteristics of streets such as the road
width and type of neighborhood. The buildings along
the roads included detached houses, row houses and
apartments, but row houses predominated. Eight sites
were selected in both Hanoi and Ho Chi Minh City, six
sites were selected in Da Nang and seven and 10 sites
were selected in Hue and Thai Nguyen, respectively.
The range of investigated streets was diverse, including
residential streets, busy streets with many shops and
commercial centers, and streets with a mixture of resi-
dences, public utilities and shops. A map of the survey
sites in Ho Chi Minh City is shown in Fig. 2.

The aircraft noise surveys were carried out in resi-
dential areas around Tan Son Nhat Airport in Ho Chi
Minh City, Noi Bai Airport in Hanoi and Da Nang Air-
port in Da Nang. Out of the 21 airports in Vietnam,
they are the three largest airports and are major interna-
tional airports in South East Asia. Survey sites at vari-
ous distances and directions relative to the airports
were chosen. Ten residential sites around Tan Son Nhat
Airport were selected: eight sites under the arrival and
departure flight paths and two sites to the north and
south of the runway. Nine sites around Noi Bai Airport
were selected: seven sites under the arrival and depar-
ture flight paths and two sites to the south of the run-
way. Six sites were selected under the flight paths of
Da Nang Airport. Tan Son Nhat Airport is located in
a crowded residential area of Ho Chi Minh City and is
surrounded by busy commercial streets. Noi Bai Air-
port is located in a rural area with scattered settlements
45 km north of downtown Hanoi but at the hub of many
national arterial roads and industrial zones. Da Nang
Airport is located 3.2 km southwest of downtown Da
Nang and all the sites chosen were rural and sparsely
Published by INCE/USA in conjunction with KSNVE



Fig. 2—Map of sites of road traffic noise survey in Ho Chi Minh City.
populated villages except one site downtown. Figure 3
shows the survey sites around Tan Son Nhat Airport.

3.3 Questionnaire

The surveys were conducted by face-to-face interview
during the daytime on weekends. To guarantee a balance
of males and females and different generations, fathers,
mothers and other adults over the age of 18 in each house
were selected. The design of the questionnaire followed
Technical Specification ISO/TS 1566625, in which an in-
ternationally standardized interview method for the as-
sessment of noise annoyance in socio-acoustic surveys
is described. That is, the questionnaire is labeled as a
“Survey on the Living Environment”. The questionnaire
included questions on not only noise but also various
aspects of the living environment. The content of the
questionnaire was almost the same for the road traffic
and aircraft noise surveys and contained questions on
housing, the neighborhood environment, noise annoy-
ance, the interference of noise with daily activities, noise
sensitivity, attitudes toward transportation and socio-
Fig. 3—Map of sites of aircraft noise survey in Ho

Noise Control Engr. J. 64 (2), March-April 2016
demographic variables. The standardized annoyance scale
in Vietnamese was used23. In the questionnaire, the re-
spondents were asked to think about the last 12 months
or so when evaluating their annoyance. The wording of
the questions on annoyance is given Appendices. Using
the standardized annoyance scale and questions made it
possible to compare the data obtained from the surveys
in Vietnam with those from European and American
surveys.

3.4 Noise Measurements

Since there was a lack of available noise data in
Vietnam, all the noise databases in this study were com-
piled using field measurements that were conducted dur-
ing the social surveys. For road traffic noise exposure,
LAeq, 1s was measured for 24 h on week days at the road
shoulders of selected streets. Traffic volumewas counted
by panel-replaying a recorded video for 10 min every
hour. In Hanoi and Ho Chi Minh City, additional short-
term noise measurements were simultaneously carried
out at the reference points and at several other points.
Chi Minh City.
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Table 2—Outline of the surveys.

Noise source Cities Number
of sites

Number of
responses

Response
rate (%)

Daily traffic
volume/number

of flights

Noise range
(Lden, dB)

Road traffic noise Hanoi 8 1503 50 79,922–199,994 73–81
Ho Chi Minh 8 1471 61 33,654–257,778 77–83
Da Nang 6 492 82 3,607–59,983 66–76
Hue 7 688 98 61–80
Thai Nguyen 10 813 81 3,424–63,865 61–78

Aircraft noise Ho Chi Minh 10 880 87 225 53–71
Hanoi 9 824 85 157 48–61
Da Nang 6 528 84 78 52–64
Distance reduction equations were formulated on the ba-
sis of short-term measurements. Noise exposure for each
house was estimated from the 24 h noise measurement
values and the distance reduction equations. Additional
vertical noise reduction measurements were conducted
for apartments. Short-term vertical noise reduction mea-
surements were simultaneously performed on each floor
of the apartment blocks. Twenty-four hour noise expo-
sure for apartment houses was estimated from the noise
exposure for row houses and the additional noise reduc-
tion measures. In Da Nang, Hue and Thai Nguyen, since
only detached and row houses were selected for the sur-
veys and the distances from the road shoulders to the
houses were the same at each site, the noise exposure
was equal for all the houses at the same sites and was es-
timated from the 24 h noise measurements performed at
reference points.

For aircraft noise exposure, LAeq, 1s was measured
for seven successive days using sound level meters
(RIONNL-21 and NL-22) at selected sites. Microphones
covered with all-weather wind screens were positioned
on the rooftops of the highest houses at the sites at a
height of 1.5 m above the roofs and at least 1 m away
from other reflecting surfaces. Numbers of flights were
Table 3—Some demographic factors in the surveys.

Items Road traffic noise surveys (%)

Ho Chi
Minh

Hanoi Da
Nang

Hue
N

Gender
Male 49.5 49 50 47.5
Female 50.5 51 50 52.5

Age
20–39 54 53 48 41
40–59 36 35 37 37
60 and above 10 12 15 22
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counted from the measurement data obtained at the two
nearest sites to the ends of the runways.

4 RESULTS

4.1 Demographic Variables

An outline of the surveys is given in Table 2. In total,
4,967 and 2,232 responses were obtained from the road
traffic and aircraft noise surveys in Vietnam, respec-
tively. The response rates were very high in all the sur-
veys: the average response rates for the road traffic and
aircraft noise surveys were 85% and 74%, respectively.
Some of the socio-demographic factors in the surveys
are summarized and compared with the demographics
of the Vietnamese population in Table 3. The ratio of
males to females in all surveys was well balanced and
comparable to the ratio obtained in the Vietnam popula-
tion census.

Vietnam is said to have a “golden population struc-
ture” with about 66% of the population of a working
age. This was observed in the age distribution of the
respondents of the surveys. The respondents in the age
range from 20 to 59 account for 78 to 91% of all respon-
dents. Note that the proportions of respondents in the age
Aircraft noise surveys (%) Demographics
of Vietnam (%)Thai

guyen
Ho Chi
Minh

Hanoi Da
Nang

48.7 47 49 47 49
51.3 54 52 53 51

48 59 47 48 84
36 32 42 39
16 9 11 13 16
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Table 4—Noise exposure levels, %HA and sample sizes at all sites of road traffic noise surveys.

Site
ID

Hanoi Ho Chi Minh Da Nang Hue Thai Nguyen

Lden %HA Sample
size

Lden %HA Sample
size

Lden %HA Sample
size

Lden %HA Sample
size

Lden %HA Sample
size

1 81.2 54.9 322 78.2 15.4 170 70.2 2.7 75 69.7 3.1 100 73.0 8.8 62
2 76.0 68.0 25 79.8 44.1 179 70.9 6.7 49 71.4 7.2 98 76.9 37.0 82
3 79.0 47.7 324 83.1 20.4 189 68.9 0.0 93 73.7 4.4 100 73.1 17.9 95
4 76.2 47.4 465 77.9 34.0 200 66.4 0.0 98 60.9 2.1 99 75.5 32.5 84
5 73.0 25.2 140 79.4 36.1 184 75.7 24.5 87 72.0 8.1 99 73.8 6.6 71
6 74.6 23.2 129 79.7 69.6 169 75.8 21.8 90 79.6 17.2 99 60.9 1.5 66
7 76.9 54.2 98 81.5 37.0 194 74.6 15.6 93 64.0 0.0 92
8 82.6 64.0 186 73.9 10.6 87
9 77.9 46.2 93
10 74.9 38.2 81
range from 20 to 39 in Hanoi and Ho Chi Minh City are
higher than those in Da Nang, Hue and Thai Nguyen in
the road traffic noise survey. In addition, higher propor-
tions of respondents aged 60 and above were found in
Da Nang, Hue and Thai Nguyen. In other words, the
populations in large cities might be younger than those
in smaller cities, especially in urban areas. A similar
difference was found for the figures in the aircraft noise
surveys, with more respondents aged 60 and above
counted in Da Nang. However, the proportion of respon-
dents in the age range from 20 to 39 in Hanoi (47%) is
much lower than that in Ho Chi Minh City (59%) and
almost the same as that in Da Nang (48%). This is
explained by the fact that Noi Bai Airport is located in
a rural area 45 km north of the urban areas where younger
people tend to work. Although the percentages of the de-
mographic variables varied among the surveys, the
average figures were comparable to those obtained from
Table 5—Noise exposure levels, %HA and sample size

Site
ID

Ho Chi Minh

Lden %HA Sample
size

Lden %

1 59.3 5.2 85 54.7
2 53.2 0.0 86 56.2 1
3 55.1 6.7 90 60.9 5
4 57.2 8.9 90 56.3 6
5 70.6 52.2 90 48.0 1
6 64.2 48.8 83 49.2
7 65.6 34.4 90 56.8
8 62.3 10.7 88 61.1 2
9 61.7 3.4 89 52.4
10 60.0 1.2 89

Noise Control Engr. J. 64 (2), March-April 2016
the Vietnam population census. The well-balanced dis-
tributions of the respondents in the surveys represent that
of the Vietnamese population.
4.2 Noise Exposure, Traffic Volume and
Number of Flights

Tables 4 and 5 show noise exposure levels, corre-
sponding %HA and sample sizes at all sites of the road
traffic and aircraft noise surveys in Vietnam, respec-
tively. Road traffic exposure levels at the surveyed sites
in the five cities ranged from 61 to 83 dB Lden. Eighteen
of the 39 sites were exposed to noise of above 75 dB
Lden, out of the range of primary interest in the EU po-
sition paper of 45 to 75 dB Lden. Only five sites were
found to have noise levels of less than 70 dB Lden. In
comparison with Hanoi and Ho Chi Minh City, the
noise levels found in Da Nang, Hue and Thai Nguyen
s at all sites of aircraft noise surveys.

Hanoi Da Nang

HA Sample
size

Lden %HA Sample
size

6.5 96 51.7 3.0 85
1.5 89 54.2 1.4 78
7.0 100 60.2 1.4 77
8.4 99 63.5 8.3 99
8.4 76 61.5 12.1 99
4.1 99 59.8 32.6 90
8.3 88
0.0 90
4.7 87
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were lower and had awider range, with more sites having
noise exposure of less than 70 dB. In addition, there are
considerable differences in traffic density between large
and small cities in Vietnam. The largest traffic volume
in Ho Chi Minh City was 258,000 pass-bys, compared
with 64,000 pass-bys in the small city of Thai Nguyen.
The components of the traffic vehicles in the five cities
were similar in that motorbikes formed over 90% of the
traffic volume. Motorbikes are the most popular means
of transportation in Vietnam, in contrast to European
countries; for example, motorbikes account for just 1%
of road traffic in UK. The number of motorbikes on
the roads reflected the populations of the cities.

The aircraft noise exposure in Vietnam was from 48
to 71 dB Lden. The lowest exposure level was found at
the site farthest to the south of the airport in Da Nang.
The residents at the nearest site to Tan Son Nhat Airport
were exposed to 71 dB Lden, the highest exposure level
of aircraft noise among all the cities. The handling
capacities are considerably different among the airports.
During the measurement periods, the average numbers
of flights per day at Tan Son Nhat, Noi Bai and Da Nang
Airports were 225, 157 and 78 respectively.
0
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40

45 50 55 60 65 70 75 80 85

%

Lden (dB) 

Fig. 4—Comparison of the exposure–response
relationships for road traffic noise
annoyance in Hanoi, Ho Chi Minh,
Da Nang, Hue and Thai Nguyen:
(a) Lden–%HA and (b) Lden–%A.
4.3 Representative Exposure–Response
Relationships for Road Traffic
and Aircraft Noise

Although various methods and functions have been
proposed to synthesize exposure–response relationships
using data obtained from socio-acoustic surveys, no sig-
nificant differences have been found when comparing
the relationships established by different methods9. In
the present study, a logistic regression function was used
to plot the exposure–response curves for road traffic and
aircraft noise annoyance in Vietnam. Following the EU
position paper, the day–evening–night average sound
level (Lden) was selected as the noise metric for predicting
annoyance in Vietnam. The percentage of persons highly
annoyed (%HA) and the percentage of persons annoyed
(%A) were used as the descriptors of noise annoyance.
Since %HA and %A were defined as the top 28% and
50%, respectively, in the EU position paper, the authors
defined the top three categories (top 27%) and top five
(top 46%) of the 11-point numerical scale as highly
annoyed and annoyed, respectively.

Initially, the exposure–response relationships for
road traffic and aircraft noise annoyance were compared
among the cities (see Figs. 4 and 5, respectively). The
exposure–response relationships were derived from a
fitting function produced by the logistic regression func-
tion %HA/%A = 100/[1 + exp(�[a + b*Lden])] based
on the individual data. The data points shown in the fig-
ures represent %HA and %A at a certain value of Lden
250 Noise Control Engr. J. 64 (2), March-April 2016
at each survey site. It can be observed from Figs. 4(a)
and 4(b) that there is considerable variation among the
curves for the road traffic noise surveys in the five cities.
Regarding %HA [Fig. 4(a)], Hanoi's curve is highest. For
%A, Hanoi's curve is also the highest, followed by Thai
Nguyen, Ho Chi Minh City, Da Nang and Hue. Although
the Lden–%Acurve for Thai Nguyen is comparable to that
for Hanoi [Fig. 4(b)], %HA for Thai Nguyen sharply
decreases below a noise level of 75 dB. The data points
of %HA at given exposure levels fit the established curve
very well for each city at lower noise levels but are con-
siderably scattered at higher noise levels. The scatter of
data points above 75 dB indicated that the evaluation of
the respondents exposed to high noise levels are more
variable and influenced by factors other than the noise
exposure level. There is great variability in %HA from
Published by INCE/USA in conjunction with KSNVE
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Fig. 5—Comparison of the exposure–response
relationships for aircraft noise annoyance
in Hanoi, Ho Chi Minh City and Da
Nang: (a) Lden–%HA and (b) Lden–%A.
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Fig. 6—Comparison of exposure–response
relationships for road traffic noise
annoyance in Vietnam with those
in the EU position paper:
(a) Lden–%HA and (b) Lden–%A.
0 to 70%, in spite of the relatively narrow range of noise
exposure levels of 61 to 83 dB.

Figure 5 [5(a): %HA, 5(b): %A] shows the exposure–
response relationships established for aircraft noise
annoyance for Hanoi, Ho Chi Minh City and Da Nang.
The curve for Hanoi is higher than those for Ho Chi
Minh City and Da Nang for both %HA and %A. The
exposure–response curves for Hanoi are higher than
those for the other cities in both the road traffic and air-
craft noise surveys. In other words, the respondents in
Hanoi were more annoyed by noise than those in the
other cities at the same noise level.

Next, synthesis curves for road traffic and aircraft noise
annoyance in Vietnam were established using the data
Noise Control Engr. J. 64 (2), March-April 2016
obtained from the surveys in all the cities (Figs. 6 and 7,
respectively). The equations of the curves for %HA and
%A as logistic regression functions of Lden are as follows:

Road traffic
%HA¼100= 1þ exp � �15:306þ 0:188�Lden½ Þð �;f
%A¼100= 1þ exp 1� �14:998þ 0:202�Lden½ �ð Þ½ �½ ð2Þ

(1)
Aircraft

%HA ¼ 100= 1þ exp � 8:412þ 0:116�Ldenð Þð Þ½ �;
%A¼100= 1þ exp 1� �14:998þ 0:202�Lden½ �ð Þ½ �f ð4Þ

(3)
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relationships for aircraft noise
annoyance in Vietnam with
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Fig. 8—Comparison of the exposure–response
relationships for road traffic and
aircraft noise synthesized from the
data of Hanoi (HN), Ho Chi Minh City
(HCM), Da Nang (DN), Hue (HUE)
and Thai Nguyen (TN) with
those in the EU position paper:
(a) Lden–%HA and (b) Lden–%A.
The curves are in the noise exposure ranges of
61–83 dB Lden and 48–71 dB Lden for road traffic
and aircraft noise, respectively. The exposure–response
curve for road traffic noise in Vietnam was lower than
the curve in the EU position paper for both %HA and
%A, whereas the curve for aircraft noise in Vietnam
was slightly higher than that in the EU position paper
for %HA. The curves for %A for aircraft noise in
Vietnam and the EU intersected at about 57 dB Lden
but the curve for Vietnam was higher than that of the
EU for most of the noise range. A cubic function was
also used to plot the exposure–response curves for road
traffic and aircraft noise annoyance in Vietnam. There was
no practical difference between the two kinds of curve
[Figs. 6(a) and 7(a)]. The prevalence of annoyance increases
more sharply with increasing noise level in Vietnam than in
252 Noise Control Engr. J. 64 (2), March-April 2016
the EU [Figs. 8(a) and 8(b)]. Moreover, although the curve
for aircraft noise is in the range of primary interest in the
EU's policy, that for road traffic noise in Vietnam is in the
range of 61 to 83 dB Lden. This means that one-third of
the road traffic curve lies outside the comparable range
for the EU. As mentioned above, 18 of the 39 sites in the
road traffic noise surveys in Vietnamwere exposed to noise
exposure of above 75 dB Lden. It can be argued that at the
same noise exposure level, Vietnamese peoplewere slightly
more annoyed by aircraft noise but less annoyed by road
traffic noise than European people.

Continuing the discussion on the implications of
the differences between Western and Asian countries
Published by INCE/USA in conjunction with KSNVE
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Table 6—Multiple logistic regression analysis for
high annoyance predicted from Lden and
type of noise source.

Estimate Std.
error

p-value Odds
ratio

Intercept �12.235 0.502 <0.0001 –
Lden 0.162 0.007 <0.0001 300.012
Source type 1.041 0.070 <0.0001 8.025

Dependent variable: Dummy variable (not HA: 0–7, HA: 8–10
from 11-point numerical scale). Noise source type: Aircraft or
road traffic
in implementing a suitable noise control approach, a
comparison between the relationships in Vietnam and
Korea was made in this study (Fig. 9). The aircraft
noise relationship in the Korean study was based on
753 responses obtained from surveys in 18 sites
around two international airports17,26. The road traffic
noise relationship in Korea was established on the ba-
sis of 779 responses accumulated from 17 sites around
principal roads and highways in Seoul. Although there
is little difference between the Lden –%HA relationship
established for aircraft noise annoyance in Vietnam
and Europe, the levels of aircraft noise annoyance in
Korea seem to be significantly higher than those in
Vietnam and the EU at the same exposure level. The Lden
–%HA curve established for road traffic noise annoyance
for Korean is located higher than those for Vietnam,
while very little difference could be found between the
Korean and the EU's curves26. The frequency of being
annoyed and the negative attitude to the health impact
of aircraft noise are claimed for the high level of aircraft
noise annoyance in Korea17. The similarity in level of
road traffic noise annoyance of Korea and the EU is rea-
sonable considering their similar road traffic conditions
and components which is contributed mostly by cars
while the component of road traffic in Vietnam was char-
acterized by large number of motorbikes and frequent
horn sound.

Multiple logistic regression analysis was applied
to the Vietnamese data to investigate the differences
between the exposure–response curves for road traffic
and aircraft noise with highly annoyed or not as a
dependent variable and Lden and the noise source (air-
craft or road traffic) as a dummy variable as independent
Noise Control Engr. J. 64 (2), March-April 2016
variables. The noise source had a significant effect at a
level of p < 0.0001. This means that the type of noise
source significantly modifies the value of %HA. The
results are shown in Table 6.

4.4 Comparison between Exposure–Response
Curves Obtained with Five-Point Verbal
and 11-Point Numerical Scales

How to classify a response as highly annoyed or
annoyed on the five-point verbal and 11-point numeri-
cal scales needs more discussion. In all the surveys in
Vietnam, the respondents' noise annoyance was evaluated
using both the five-point verbal and 11-point numerical
scales constructed using the ICBEN method. Figures 10
and 11 show different exposure–response curves for
road traffic and aircraft noise obtained with the five-point
verbal and 11-point numerical scales.
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It can be seen in Fig. 10 that the curve for the top
three categories of the 11-point numerical scale was lo-
cated between those for the top one and top two categories
of the five-point verbal scale. Fields et al.21 recommended
the use of the top two categories from the five-point verbal
scale as high annoyance considering the intensities of the
modifiers. A cutoff of 72 on the scale from 1 to 100 is
widely used to define high annoyance6. The locations of
the curves in Fig. 10 show that neither the top one category
nor the top two categories of the five-point verbal scale
could define high annoyance in Vietnamese. Kuwano et al.27

proposed a method of estimating the average curve us-
ing the average coefficients and intercepts calculated
from the equations for the top one and two categories.
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Fig. 10—Comparison of exposure–response
curves obtained with top one and two
categories of five-point verbal scale
(VS) and top three categories of
11-point numerical scale (NS)
classified as annoyance: (a) Road
traffic noise and (b) Aircraft noise.
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This curve was found to fit well with the curve for the
top three categories of the 11-point numerical scale in
both road traffic and aircraft noise surveys.The same
comparisons were made for curves obtained from the
top five and six categories of the 11-point numerical
scale with those for the top two and three categories of
the five-point verbal scale [Figs. 11(a) and 11(c)]. The
average curves for the categories of the verbal scale
were found to be located close to those for the catego-
ries of the numerical scale [Figs. 11(b) and 11(d)]. The
average curves obtained from both scales can thus be
used as Lden–%A curves. The difference in the prevalence
of annoyance measured by five-point verbal and 11-point
numerical scales should be quantified for different lan-
guages and surveys.
5 DISCUSSION

5.1 Difference between Curves for Europe
and Vietnam

More analysis is needed to fully explain the differ-
ences in annoyance between European and Vietnamese
people, i.e., between people in developed countries and
those in developing and emerging countries. It is worth
noting that the curve for road traffic noise annoyance in
Vietnam appears to coincide with the extension of the
EU curve. This implies that Vietnamese and European
people might experience similar levels of annoyance
when exposed to higher noise exposure levels. The
Vietnamese are more tolerant to noise than European
people at lower exposure levels. This result can be ex-
pected considering the differences in the climate, living
conditions and so forth between Vietnam and Europe.
Motorbikes are the most popular means of personal
transportation in Vietnam. According to the latest statis-
tics from the VietnamMinistry of Transport, Vietnam has
more than 37 million motorbikes, roughly equal to the
working-age population of Vietnam. It could be said that
people can be more tolerant to road traffic noise when the
noise source, a motorbike, is their daily transportation ve-
hicle. On the other hand, a limited number of people use
airplanes. In the aircraft noise surveys, the percentages of
respondents using motorbikes frequently are 59%, 40%
and 50% and those of respondents using aircraft fre-
quently are 0.6% 0.9% and 2.6%, in Ho Chi Minh City,
Hanoi and Da Nang, respectively. The residents living
around airports may adopt a NIMBY (“Not In My Back
Yard”) attitude and consider aircraft noise as more annoy-
ing. NIMBY is defined to be a phenomenon that refers
to local opposition against an initiative determined
elsewhere and affecting the local environmental quali-
ties28,29. Moreover, it could be noted that all the data
points of aircraft noise surveys vary consistently around
Published by INCE/USA in conjunction with KSNVE
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Fig. 11—Comparison of exposure–response curves obtained with top two and three categories of
five-point verbal scale (VS) and top five and six categories of 11-point numerical scale
(NS) classified as annoyance: (a) Curves for the top two and three categories of
five-point verbal scale and for the top five and six categories of 11-point numerical scale
for road traffic noise, (b) Average curves for the top two and three categories of five-point
verbal scale and for the top five and six categories of 11-point numerical scale for
road traffic noise, (c) Curves for the top two and three categories of five-point verbal
scale and for the top five and six categories of 11-point numerical scale for aircraft
noise, (d) Average curves for the top two and three categories of five-point verbal scale
and for the top five and six categories of 11-point numerical scale for aircraft noise.
the exposure–response curves except those of two sites in
Hanoi. The respondents at these sites are more highly
annoyed than the others at the same exposure level. These
two sites are under the arrival flight path and rural farm-
ers' villages where people went to bed between 9 and 10
pm, earlier than those at the other sites, while there were
relatively more arrivals during this period of the night.
These facts caused higher sleep disturbance and therefore
higher annoyance at these sites30. All these arguments
Noise Control Engr. J. 64 (2), March-April 2016
can be used to explain why the respondents in Vietnam
were more tolerant to road traffic noise but slightly more
annoyed by aircraft noise than those inWestern and other
developed countries.
5.2 Difference in Response among the Cities

Multiple logistic regression analysis was performed
with highly annoyed or not as a dependent variable
255Published by INCE/USA in conjunction with KSNVE



Table 7—Multiple logistic regression analysis for high annoyance predicted from Lden and surveyed city.

Estimate Std. error p-value Odds ratio

Aircraft noise survey Intercept �13.271 0.888 <0.0001 –
Lden 0.200 0.015 <0.0001 92.316
City 0.821 0.074 <0.0001 5.169

Road traffic noise survey Intercept �15.008 0.758 <0.0001 –
Lden 0.186 0.010 <0.0001 62.500
City 0.374 0.035 <0.0001 2.113

City: Hanoi or the other cities
and Lden and the city factor (Hanoi or other cities) as
independent variables. The city factor was shown to
have a significant effect on whether respondents were
highly annoyed or not. The results are shown in Table 7.

It has been reported that respondents who frequently
use a means of transportation that causes noise may
experience less annoyance than those who infrequently
use it31. The difference in the responses to road traffic
and aircraft noise between Hanoi and the other cities
in Vietnam can be understood by considering the eval-
uation of respondents regarding their frequency of use
and attitude to the benefits of motorbikes and airplanes
to society. The results of the questionnaire indicated
that the respondents in Hanoi used motorbikes less fre-
quently than those in the other cities. Moreover, they
did not use airplanes as frequently as those in Da Nang
and Ho Chi Minh City. The attitudes to the benefits to
society of motorbikes and airplanes are considerably
different among the respondents in different cities. More
respondents in Hanoi did not consider airplanes and
motorbikes to be beneficial means of transportation
for society.

A w2 test was conducted to determine whether the
respondents in Hanoi have more negative attitudes to-
ward using airplanes and motorbikes and toward their
benefits to society (Table 8). All the p-values were less
than 0.01, indicating that there was a significant differ-
ence in attitude to the use and benefits of motorbikes
and airplanes between the respondents in Hanoi and
Table 8—Chi-square test of attitudes to transportation

Han

Use (do not use) airplane 143(
Airplanes beneficial (not beneficial) for society 529(
Use (do not use) motorbike 1,247(
Motorbikes beneficial (not beneficial) for society 709(
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those in the other cities. This finding might be used to
explain the high annoyance in Hanoi.
6 CONCLUSIONS

In this paper, the results of the socio-acoustic sur-
veys on the community response to transportation noise
in Vietnam have been synthesized. Representative ex-
posure–response relationships were proposed on the ba-
sis of over 4,700 and 2,200 annoyance responses to
road traffic and aircraft noise in Vietnam, respectively.
The curves were plotted by applying a logistic regres-
sion function between the day–evening–night average
sound level (Lden) and the probability of being annoyed
or highly annoyed in individual responses. The percent-
age of highly annoyed persons (%HA) and annoyed
persons (%A) were defined as the top three (top 27%)
and top five categories (top 46%) of the 11-point numer-
ical scale, respectively.

The exposure–response relationships were compared
between Vietnam, Europe and Korea. The results show
that Vietnamese respondents were less annoyed by road
traffic noise than respondents in the European and
Korean studies and that the aircraft noise annoyance
curve for Vietnam was slightly higher than that for the
EU but considerably lower than that in the Korean study.
The attitude to the means of transportations was found
to moderate the noise annoyance among the cities in
Vietnam. Further research is necessary to assess the
modes between Hanoi and the other cities.

oi Others w2 p

605) 589(761) 125.3 <0.01
214) 1,099(260) 25.7 <0.01
234) 3,157(467) 7.5 <0.01
746) 1,837(1,466) 19.3 <0.01
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difference in noise perception between citizens of Asian
and Western countries and between developing and de-
veloped countries for the effective implementation of a
global noise policy.

Finally, a practical method was proposed to estimate
the Lden–%HA relationship using the average coeffi-
cient and intercept calculated from the logistic regres-
sion functions for the top one and two categories of
the five-point verbal scale.
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8 APPENDICES
8.1 Verbal Annoyance Question

Thinking about the last 12 months or so, when you
are here at home, how much have you been bothered,
disturbed, or annoyed by the following factors?
1
Not at all

2
Slightly

3
Moderately

4
Very

5
Extremely

Aircraft
noise

( ) ( ) ( ) ( ) ( )

Road traffic
noise

( ) ( ) ( ) ( ) ( )
8.2 Numerical Annoyance Question

Thinking about the last 12 months or so, what num-
ber from 0 to 10 best shows how much are you both-
ered, disturbed, or annoyed by aircraft/road traffic noise?
0 1 2 3 4 5 6 7 8 9 10
Not at all Extremely

Noise Control Engr. J. 64 (2), March-April 2016
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