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Abstract: Many decibel-based noise indicators are used in noise policy to evaluate aircraft sound
in the environment. Among those, day–evening–night-weighted sound pressure level (Lden),
day–night-weighted sound pressure level (Ldn), and nighttime average sound pressure level (Lnight)
are the most widely used. However, the designation of reference time intervals (e.g., day, evening,
and night) differs depending on the country’s lifestyle and culture. A dataset—extracted from
socio-acoustic surveys conducted in Vietnam (2005–2019)—was analyzed to investigate temporal
patterns of the Vietnamese lifestyle and changes in Lden, Ldn, and Lnight when temporal interval
segmentations in these indicators were adjusted. Traffic congestion hours, go-to-bed time, and
wake-up time in southern Vietnam were approximately one hour later than those in northern and
central Vietnam. Further, a small-scale and Internet-based questionnaire survey on Vietnamese life
rhythms was conducted to examine Vietnamese people’s daily behaviors. These data were compared
with the relevant data of Japanese individuals, extracted from the Survey on Time Use and Leisure
Activities of Japan. Differences in sleeping times and mealtimes were found between Japanese
and Vietnamese data. We suggest an appropriate reference time interval for aircraft noise policy in
Vietnam, referring to the current national and international noise standards and regulations.
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1. Introduction

1.1. Study Background

The growth of aviation has enriched people’s lives by connecting people and places. However,
it has led to an environmental problem—aircraft noise. As one of the world’s fastest growing economies,
Vietnam is planning many new airports and implementing airport expansion to handle the country’s
stressed aviation infrastructure [1]. Therefore, the impact of aircraft noise is especially serious for
residents living in areas close to these new and expanded airports. However, Vietnam has no noise
criteria or regulations applicable to managing the sound environment around airports, except those for
general environmental noise [2]. In response to the development of air traffic and airport development
in Vietnam, the establishment of an aircraft noise policy is an urgent issue.

Since 2005, we have repeatedly conducted socio-acoustic surveys in Vietnam to accumulate
data for the foundation of a noise policy framework [3–13]. In these surveys, noise indexes such
as day–evening–night-weighted sound pressure level (Lden), day–night-weighted sound pressure
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level (Ldn), and nighttime average sound pressure level (Lnight) have been used to assess the
exposure–response relationships for noise annoyance and sleep effects. Therefore, representative
exposure–response relationships have been established and compared with those in the European
Union (EU) and Japan as a prerequisite for formulating noise policies in Vietnam.

1.2. Difference in National Choices of Reference Time Intervals Used in the Noise Indicators and the Associated
Exposure Criteria between Vietnam and other Countries

Among many decibel-based noise indicators that are used in noise policy to describe aircraft
sound in the environment, Lden, Ldn, and Lnight are the most widely used. For example, while some
EU Member States have adopted Lden and Lnight as noise indexes for strategic noise mapping, the Ldn,
calculated by dividing 24 h into two parts (day and night), is used in the United States, Denmark,
The Netherlands, Norway, and so on [14]. However, the designation of reference time intervals, such
as day, evening, and night, in these noise indicators differs depending on the lifestyle and culture of
the country. Differences in the assessment of the reference time intervals in a day were found in the
legislative and technical aspects of national approaches to control community noise.

The Technical Study Group on Noise Policies and Regulations (TSG 3) of the International Institute
of Noise Control Engineering cataloged community noise regulations, guidelines, and legal standards
at the national and regional levels of its member countries [15]. Germany adopted the segmentation of
day (from 6:00 to 22:00) and night (from 22:00 to 6:00). Portugal adopted day (7:00 to 20:00), evening
(20:00 to 23:00), and night (23:00 to 7:00) in its general regulation on noise. In guidelines issued by
the Swedish Environmental Protection Agency, day (7:00 to 18:00), evening (18:00 to 22:00), and night
(22:00 to 7:00) were used to define the limits on permitted noise levels. Switzerland applied day (6:00 to
22:00), early night (22:00 to 0:00), and night (5:00 to 6:00) in noise abatement ordinances for civil aircraft
noise (note, 0:00–5:00 was not regulated). The final report of TSG 3 revealed that there were differences
in national choices of the descriptors of exposure to noise and the associated exposure criteria. It
was also emphasized that national guidelines for noise immission reflected economic and technical
considerations relevant to the circumstances of each country.

Currently, in the studies on the impacts of transportation noise in Vietnam, the following two
reference time intervals were adopted: (i) daytime (6:00 to 22:00) and nighttime (22:00 to 6:00) for Ldn

and (ii) daytime (6:00 to 18:00), evening (18:00 to 22:00), and nighttime (22:00 to 6:00.) for Lden [11–13].
These time intervals are based on the Vietnamese Environmental Standard TCVN 5949-1998 issued in
1998 (Table 1), in which noise limits are respectively specified as upper bounds of permissible average
sound pressure levels in LAeq for these three reference time intervals [16]. The values of noise limits in
the daytime, evening, and nighttime are 50, 45, and 40 dB, respectively, for areas requiring exceptional
quietness, while those for areas of commerce, service and production are 75, 70, and 50 dB, respectively.

Table 1. Vietnamese National Standard “TCVN 5949-1998—Acoustics—Noise in public and residential
areas—permitted maximum noise level”.

Land Use in Receiving Area LA (dB) by Time

6:00–18:00 18:00–22:00 22:00–6:00

1. Areas that need special quietness: hospitals,
libraries, kindergartens, nursing homes,

schools, churches, and temples

50 45 40

2. Residential areas, hotels, hostels, and
administrative offices

60 55 50

3. Residential areas that scatter in the areas of
commerce, service, and production

75 70 50

In 2010, TCVN 5949:1998 was superseded by a newer national technical regulation on noise
QCVN 26:2010/BTNMT, issued by the Ministry of Natural Resources and Environment (Table 2) [17].
This regulation prescribes the maximum noise limits in areas where humans live and work. This
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regulation aims to control all man-made noise, regardless of noise sources and their location. With this
standard, “special” areas are denoted as noise-sensitive areas such as medical establishments, libraries,
kindergartens, schools, churches, temples, and pagodas, while “usual” areas contain apartment
buildings, detached or terraced houses, hotels, guest houses, and administrative agencies. Dividing a
day into three intervals in TCVN 5949:1998 was replaced by dividing a day into two intervals in QCVN
26:2010/BTNMT. Permissible noise limits in the daytime and the nighttime in special areas are 55 and
45 dB, respectively, and usual areas are 70 and 55 dB, respectively.

Table 2. Vietnamese National Technical Regulation on Noise (QCVN 26:2010/BTNMT)—permissible
noise limits (in decibel), LA (dB).

No. Area From 6:00 to 21:00 From 21:00 to 6:00

1 Special areas 55 45
2 Usual (general *) areas 70 55

* Noted by the authors.

Like other developed countries, Japan has established various measures to limit or reduce
the number of people affected by aircraft noise, such as standards and regulations for aviation
operation, airport planning, and expansion relating to noise abatement. Currently, the government and
policymakers in Vietnam are cooperating with the Japanese government and experts in developing
a national aircraft noise policy based on the noise policy implemented in Japan. To confirm
whether Vietnam can apply similar aircraft noise standards to Japan, noise limits for general
environmental noise between Vietnam and Japan were compared to clarify the differences in their
sound environment requirements.

Table 3 shows a comparison of Vietnamese national technical regulation on noise QCVN
26:2010/BTNMT and Japan Environmental Quality Standard for General Noise [18]. Note here
that we applied the definition of the day–night level (Ldn) by neglecting the difference in time intervals:
the nighttime in Vietnam starts 1 h earlier than Japan, resulting in the daytime interval being 1 h shorter
in Vietnam. The daytime noise limit for general area in Vietnam almost equals that in an area adjacent
to the road carrying arterial traffic in Japan, but the nighttime limit is 10 dB lower. Therefore, in Ldn,
Vietnam’s regulation is slightly stricter than Japan for the area facing a trunk road. The noise limit for
special areas in Vietnam is 5 dB higher than in Japan.

Table 3. Comparison of noise limits for general environmental noise between Vietnam and Japan (dB).

Area
Category

Vietnam: Vietnamese National
Technical Regulation on Noise

26:2010/BTNMT
Area Category Japan: Environmental Quality

Standard for General Noise

6:00–21:00 21:00–6:00 Ldn 6:00–22:00 22:00–6:00 Ldn

Special 55 45 55 Areas where quietness is specially required
(area AA) 50 40 50

Usual
(general) 70 55 69

Areas used exclusively for residences (area A)
and areas used mainly for residences (area B) 55 45 55

Areas used for commerce and industry as well
as for a significant number of residences (area C) 60 50 60

Area A facing the road with two or more lanes 60 55 62

Area B facing the road with two or more lanes,
and area C facing the road with one or
more lanes

65 60 67

Area adjacent to the road carrying arterial traffic
(indoor and closed window) 70 (45) 65 (40) 72 (72.4)

Table 4 shows the noise guidelines of Japan, the “Environmental Quality Standards for Aircraft
Noise,” which was ratified in 1973 and revised in 2007 [19]. In the revision, Japan adopted Lden as the
rating index for aircraft noise. The reference time intervals are daytime (7:00 to 19:00), evening (19:00 to
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22:00), and nighttime (22:00 to 7:00), and a penalty of 5 and 10 dB applies to noise events occurring in
the evening and nighttime, respectively. This determination of time intervals is based on the results of
national census data and the Survey on Time Use and Leisure Activities of Japan, i.e., on the data of
time intervals for various activities in the daily life of people aged ≥ 15 years [20]. The value of noise
limit Lden is 57 for areas exclusively for residential use, while the limit for other areas, which are not for
residential use but for other activities of normal life, is 62 dB.

Table 4. Japanese Environmental Quality Standards for Aircraft Noise (revised in 2007).

Area Category Limit value Lden in dB

I 57

II 62

Area category I refers to areas used exclusively for residential purposes Area category II refers to other areas

1.3. Study Purpose

In Vietnamese national technical regulation on noise, QCVN 26:2010/BTNMT, the segmentation
of the reference time intervals is different from other countries, and if it is appropriate to be used
for establishing aircraft noise standards for Vietnam has not been verified. Since there are no census
data that could be referred to in defining these time intervals, data accumulated in the socio-acoustic
surveys in Vietnam from 2005 to 2019 [3–13] were used to verify the validity of the time intervals in the
current standards and regulations and the future aircraft noise standards. All the data indicating the
time zones of go-to-bed time, wake-up time, and other living activities in various parts of Vietnam
were examined.

The dataset also allowed for the comparison of data between men and women, weekends and
weekdays, and people of different ages and regions. Based on the analysis, a logical approach in
deciding the time intervals of the noise indicator could be achieved and used to clarify the difference
from the time interval segmentations in the current standards and regulations. With the awareness
that people’s living habits may change over time, a comparison of past and present data is necessary to
ensure that the assessment of the noise indicator is appropriate for future policies and the modern
lifestyle of Vietnamese citizens. As an additional investigation, a small-scale and Internet-based
questionnaire survey on Vietnamese people’s life rhythms was conducted to compare the temporal
patterns of daily activities of Vietnamese people with Japanese people and track changes, if any, in the
modern lifestyle of Vietnamese citizens.

This study aimed to assess appropriate reference time intervals in noise indicators for the
establishment of an airport noise management policy in Vietnam concerning the actual temporal
patterns of the Vietnamese lifestyle. This study also aimed to provide reliable data to determine a valid
aircraft noise exposure limit that fits the national economic and environmental considerations and
values of residents living around Vietnam’s airports.

2. Materials and Methods

2.1. Socio-Acoustic Surveys on the Effects of Transportation Noise in Vietnam

2.1.1. Questionnaire Data

Thirteen socio-acoustic surveys on the effects of transportation noise have been conducted in
Vietnam from 2005 to 2018 [3–13]. The surveys were performed using a questionnaire form designed
following the technical requirements specified in ISO/TS 15666 and labeled as “Survey on the living
environment”—without informing the respondents that the purpose of the survey is to investigate
the noise impact [21]. Among these surveys, the two conducted in 2005 and 2018 did not include the
questionnaire items that concerned periods of daily activities. Therefore, they were excluded from the
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analysis of the datasets. Consequently, the datasets of 11 socio-acoustic surveys on transportation noise
conducted in five cities in Vietnam over 10 years from 2007 to 2017 (Table 5) were analyzed to investigate
the temporal patterns of Vietnamese lifestyle. The accumulated datasets included responses from
6210 residents from northern Vietnam, 2161 from central Vietnam, and 3033 from southern Vietnam.

Table 5. List of 11 datasets extracted from the result of the 13 socio-acoustic surveys in Vietnam.

Year Cities Noise Source Number of Responses

2007 Ho Chi Minh Road traffic noise 1471

2008 Ho Chi Minh Aircraft and combination of aircraft and road
traffic noise 1562

2009 Hanoi Aircraft and combination of aircraft and road
traffic noise 824

2010 Hanoi Combination of railway and road traffic noise 575
2011 Da Nang Road traffic and aircraft noise 1020

2012 Hue Road traffic and combination of railway and road
traffic noise 1141

2013 Thai Nguyen Road traffic noise 813
2014 Hanoi Aircraft noise 890

2015.3 Hanoi Aircraft noise 1109
2015.4 Hanoi Aircraft noise 1286
2017 Hanoi Aircraft noise 623

In these surveys, the wake-up and go-to-bed times of respondents on weekdays and weekends
were asked using the question format as shown in Figure 1. The data were extracted and analyzed to
investigate the awake and sleeping time intervals of Vietnamese people. The data were classified by
age group (<60 and ≥60), sex (men and women), day (weekdays and weekends) for each of the three
regions of Vietnam (northern, central, and southern Vietnam). The various temporal patterns of the
respondents’ sleeping activities were compared to decide a time interval segmentation representative
of Vietnamese people.
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2.1.2. Traffic Volume and Noise Exposure Data

In the surveys on road traffic noise, survey sites were selected to cover a wide range of noise
exposure levels, traffic volumes and characteristics of streets, such as the road width and type of
the neighborhood. The range of investigated streets was diverse, including residential streets, busy
streets with many shops and commercial centers, and streets with a mixture of residences, public
utilities, and shops. The data of road traffic volumes monitored at the survey sites were analyzed to
investigate their hourly changes, which were assumed to reflect residents’ working and rest hours;
particularly, two peak times in hourly traffic volumes in the morning and in the evening indicate the
time when residents leave their homes for work and when they return home after work, respectively.
This helped us to determine the starting time of the daytime and evening. The data of hourly changes
in aircraft movements were used to evaluate flight operation hours of the airport, aircraft noise impact,
its relations to residents’ life rhythm, and the validity of the noise evaluation indicators.
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Traffic volume and noise exposure data were estimated using field measurements that were
conducted during the period of the questionnaire surveys for all socio-acoustic surveys. Road traffic
volume was counted by replaying the recorded video for 10 min every hour. For road traffic noise
exposure, LAeq, 1s was measured for 24 h on weekdays on the shoulders of selected roads. For aircraft
movements, numbers of take-off and landing operations were counted from the measurement data
obtained at the two nearest sites to the runway end. Aircraft noise levels were measured for seven
successive days using sound level meters at selected sites.

2.2. Noise Exposure and Number of Flights at Residential Areas Around Three Major Airports

The latest data collected in residential areas around three major airports of Vietnam, Noi Bai
Airport (NBIA) in the north, Da Nang Airport (DAD) in the center, and Tan Son Nhat Airport (TIA) in
the south, in 2017, 2018, and 2019, respectively, were used to evaluate the measured values of various
noise indicators, i.e., Lden, Ldn, Lday, and Lnight, when the segmentation of time intervals was adjusted
differently. The number of flights provide the data of nighttime flight operations at major airports in
Vietnam. The calculated noise levels were used to examine the applicability of the noise limits in the
current national and international standards for residential areas around the airports in Vietnam.

2.3. Data of the Survey on Time Use and Leisure Activities of Japan and the Questionnaire Survey of
Vietnamese People’s Life Rhythms

The Survey on Time Use and Leisure Activities of Japan has been conducted every five years
since 1951 to obtain basic information on the social life of the population, such as the status of main
activities (study, training, volunteer activities, sports, hobbies, entertainment, travel, or excursions)
in the allocation of lifetime and leisure time [20]. The survey provided important information that
is indispensable for various administrative measures related to the improvement of social life, such
as the promotion of work–life balance and gender equality [22]. The survey data were referenced to
decide the time segmentation of the noise indicator used in the environmental standards of Japan.

There has been no survey on Vietnamese people’s life rhythms that is equivalent to the Survey on
Time Use and Leisure Activities of Japan. To make it possible to refer to the standards of Japan, in this
study, the survey was conducted to examine the daily life behaviors and time use of Vietnamese people,
referring to the form of the survey in Japan. The information of the activities that are greatly involved in
the consideration of the noise indicators, such as sleep and meals, as well as respondents’ demographic
information, were included in the questionnaire of Vietnamese people’s life rhythms (Table 6). This
questionnaire was composed in Vietnamese and created using a Google form. Vietnamese people
living in Vietnam were contacted and responded via a survey on the Internet. Vietnam stretches
1650 km from the north to the south, which causes significant variations in regional lifestyle and
culture, and the land use surrounding large airports varies. First, the link to the questionnaire was
sent to about 200 users accessible via social networks from the north and south regions in Vietnam. To
ensure that the obtained dataset was in good accordance with the demographic statistics of Vietnam,
the response data obtained after one week were summarized and compared to the general population
structure of Vietnam [23]. Next, any users who omitted key information were sent the link again. A
good balance between male and female participants was obtained, but there was a lack of data from
people aged > 60 years. In the next recruitment, the link was sent to users aged > 60 years. A total of
122 responses obtained after another week were included in the final analysis.

In this study, data regarding Japanese people’s daily behavior for each time period were extracted
and compared with data of the surveys conducted with Vietnamese respondents.
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Table 6. Questionnaire items of the surveys.

No. Questions Answer Options

Q1 Respondents’ sex Male/female/other

Q2 Respondents’ age (years) (1) ≤ 19; (2) 20–30; (3) 31–40 (4) 41–50; (5) 51–60; (6) > 60

Q3 Respondents’ occupation Student, agriculture, full-time job, homemaker, part-time job, other

Q4 Number of working hours
per week

(1) < 15 h, (2) 15 to 29 h, (3) 30 to 34 h, (4) 35 to 39 h, (5) 40 to 48 h,
(6) 49 to 59 h, (7) ≥ 60 h, (8) not fixed

Q5 Wake-up time on weekdays (0–23 h)

Q6 Wake-up time on weekends (0–23 h)

Q7 Go-to-bed time on weekdays (0–23 h)

Q8 Go-to-bed time on weekends (0–23 h)

Q9 Breakfast time (0–23 h)

Q10 Lunch time (0–23 h)

Q11 Dinner time (0–23 h)

Q12 Time and location of daily activities (for each of 30-min time intervals)

3. Results

3.1. Respondents’ Demographic Data

Respondents’ demographic data for all surveys were analyzed and are summarized in Table 7. The
data used for the analysis were confirmed to be representative of the situation in Vietnam. However,
the survey data were limited to people aged 20 years and older. The time of day for young people
aged < 20 years should be considered carefully in a further study with an awareness that noise effects
on the young are different as compared to older people.

Table 7. Respondents’ demographic factors.

Region City Year Noise Source
Sex Age

Male Female 20s 30s 40s 50s 60s 70s

South Ho Chi Minh 2007 Road traffic
n 723 737 406 388 324 197 99 50
% 49.5 50.5 27.7 26.5 22.1 13.5 6.8 3.4

South Ho Chi Minh 2008 Aircraft
n 411 461 224 254 184 114 65 26
% 47.1 52.9 25.8 29.3 21.2 13.1 7.5 3.0

South Ho Chi Minh 2008 Road traffic and
aircraft

n 306 366 211 212 131 67 43 9
% 45.5 54.5 31.4 31.5 19.5 10.0 6.4 1.3

North Hanoi 2009 Aircraft
n 370 430 197 188 188 141 62 33
% 46.3 53.8 24.4 23.2 23.2 17.4 7.7 4.1

North Hanoi 2009 Road traffic and
aircraft

n 280 275 145 121 135 110 45 10
% 50.5 49.5 25.6 21.4 23.9 19.4 8.0 1.8

North Hanoi 2010 Railway and road
traffic

n 234 242 88 103 88 103 73 32
% 49.2 50.8 18.1 21.1 18.1 21.1 15.0 6.6

Center Da Nang 2011 Aircraft
n 245 276 113 138 131 74 42 23
% 47.0 53.0 21.7 26.5 25.1 14.2 8.1 4.4

Center Da Nang 2011 Road traffic
n 237 241 141 91 99 79 39 34
% 49.6 50.4 29.2 18.8 20.5 16.4 8.1 7.0

Center Hue 2012 Railway and road
traffic

n 296 327 147 107 110 118 82 60
% 47.5 52.5 23.6 17.1 17.6 18.9 13.1 9.6

North Thai Nguyen 2013 Road traffic
n 388 409 181 203 146 144 87 42
% 48.7 51.3 22.5 25.3 18.2 17.9 10.8 5.2

North Hanoi 2014 Aircraft
n 412 349 173 206 180 153 102 52
% 54.1 45.9 20.0 23.8 20.8 17.7 11.8 6.0

North Hanoi 2015.3 Aircraft
n 561 508 246 249 261 172 126 45
% 52.5 47.5 22.4 22.7 23.7 15.7 11.5 4.1

North Hanoi 2015.9 Aircraft
n 612 635 296 287 266 222 128 68
% 49.1 50.9 23.4 22.7 21.0 17.5 10.1 5.4

North Hanoi 2017 Aircraft
n 294 321 83 133 147 109 98 55
% 47.8 52.2 13.3 21.3 23.5 17.4 15.7 8.8

Total
n 5369 5577 2651 2680 2390 1803 1091 539
% 49.0 51.0 23.8 24.0 21.4 16.2 9.8 4.8

Demographics of Vietnam (%) (2014) % 49.3 50.7 27.6 23.2 19.5 15.0 14.7
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3.2. Hourly Changes of Air Traffic and Road Traffic Volumes in Hanoi and Around NBIA, DAD, and TIA

Figure 2 shows a comparison of the trend of average hourly road traffic volume monitored at
eight survey sites in Hanoi downtown (HN) in 2005 with the volumes around three major airports
of Vietnam (i.e., NBIA in the north, DAD in the center, and TIA in the south). The two peaks in the
morning and the evening indicate rush hours. The changes monitored near NBIA show that traffic rush
hours were 6:00–8:00 and 16:00–18:00, which differed slightly from DAD and HN. The rush hours of
Ho Chi Minh City—8:30–10:00 and 18:00–19:00—were later than those for HN/NBIA/DAD, suggesting
a difference in residents’ lifestyles.
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Figure 2. Hourly average road traffic volume in the day (24 h) observed in Hanoi downtown (2005)
and at sites near NBIA (2009), DAD (2011), and TIA (2008).

Hourly air traffic volumes (landings and take-offs per hour) in the day (24 h) at the three airports,
as shown in Figure 3, indicate that most flight operations take place between 6:00 and 23:00 Hourly
air traffic volumes at DAD are lower than at NBIA and flight operations are largely concentrated in
the daytime hours from 6:00 to 22:00 The hourly average air traffic volumes at TIA are higher than at
NBIA and DAD, which is consistent with the scale of the airports. More nighttime flights are operated
in TIA than NBIA and DAD.
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Figure 3. Hourly average frequency of flight operations in the day (24 h) at NBIA (2009, 2017), DAD
(2011, 2018), and TIA (2008, 2019).

Comparing the results of past surveys and recent surveys, it is worth noting that the situation
has changed remarkably, and the frequency of flight operations during the nighttime has increased
considerably in all three airports. When the night flight number increases, the effects of high-level night
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noise exposure are more serious (e.g., disturbing people’s sleep). Thus, it is important to define the
night interval in the noise control policy. The air movements have more than doubled in the last three
years. In particular, there are many more flights between 22:00 and 2:00 now. Considering that traffic
volume and flight movement numbers are still high after 21:00 in most cities and around major airports
in Vietnam, the feasibility of the Vietnamese Environmental Standard TCVN 5949-1998 is questionable
as it is challenging to cut down 25 dB of daytime noise level to meet the nighttime noise limit.

3.3. Comparison of Wake-up and Go-to-bed Times Among Residents in the Northern, Central, and Southern
Regions of Vietnam

The data for wake-up and go-to-bed times were extracted from the datasets of all surveys in
Table 5, in which Hanoi and Thai Nguyen represent northern Vietnam, Da Nang and Hue represent
central Vietnam, and Ho Chi Minh represents southern Vietnam. Thai Nguyen is a small city located
70 km north of Hanoi and Hue is the old capital, located near Da Nang. The wake-up and go-to-bed
times were classified by age groups and sex for weekdays and weekends. Thereafter, they were
compared among the three regions of Vietnam (northern, central, and southern Vietnam), as shown in
Figures 4–7. Based on the reported go-to-bed and wake-up times, the percentage of sleeping people
was determined for every 15-min segment on the x-axis of the 24-h timeline (Figures 4–7).
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Figure 4. Vietnamese people’s sleeping temporal pattern by region (northern, central, and
southern Vietnam).
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Figure 6. Age differences in Vietnamese people’s sleeping temporal pattern by region (northern, central,
and southern Vietnam) on weekdays.
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Figure 7. Age differences in Vietnamese people’s sleeping time on weekdays.

In this study, the time period in which the percentage of sleeping respondents varied from less
than 50% to more than 50% was defined as the average go-to-bed time. Similarly, the time period
at which the percentage of people who were sleeping varied from more than 50% to less than 50%
was defined as the average wake-up time. Respondents’ average go-to-bed time on weekdays was in
the range 10–10:15 p.m., except for those aged < 60 years in southern Vietnam, who go to bed one
hour later than the others. Given the negative effects on individuals’ sleep, employing a rate of 25%
(i.e., one-quarter of the people sleeping) would be the more flexible decision. Then, the daytime can
start at about 5:30–6:00 and the start of nighttime would remain as defined previously.

There was no change in the go-to-bed time between weekdays and weekends except for respondents
in central Vietnam, who go to bed one hour later on weekends. As shown in Figure 5, there were
negligible sex differences in sleeping time in all regions.

On weekdays, the average wake-up time of respondents aged < 60 years was 6:00–6:15 in all
three regions, whereas the average wake-up time of respondents aged ≥ 60 years in northern and
central Vietnam was one hour earlier than respondents aged < 60 years (i.e., 5:00–5:15). Respondents
aged ≥ 60 years in southern Vietnam wake up later than those in northern and central Vietnam.
All respondents woke up 30 min to 1 h earlier on the weekdays than on the weekends, except for
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respondents aged < 60 years in northern Vietnam, who had no change in wake-up time between
weekdays and weekends.

The data of Vietnamese people’s sleeping time on weekdays were classified in three age groups:
< 30 years, 30–60 years, and > 60 years (Figure 7). People aged < 30 years woke up later than those
aged > 60 years.

3.4. Analysis of Variance (ANOVA)

An ANOVA was conducted to examine whether the mean go-to-bed and wake-up times of
respondents differed by age, sex, region, and time of day. As shown in Table 8, comparison between
the least-square means indicated that people wake up between 5:00 and 6:30 and go to bed between
22:00 and 23:00. Respondents aged > 60 years go to bed and wake up about half an hour earlier than
those aged < 30 years, while respondents aged 30–60 wake up between these times. The results suggest
that it is necessary to modify the time the day “starts” and the time the night “starts” by one hour
earlier if the new standards and regulations wish to prioritize the aging population. Consistent with
the results concerning road traffic rush hours, wake-up and go-to-bed times in southern Vietnam are
approximately one hour later than those in northern and central Vietnam.

Table 8. Comparison between the least-squares means of go-to-bed time and wake-up time by age, sex,
region, and day.

Item Effect Category Least Sq.
Mean Std. Error Mean

Wake-up time

Age (years)
<30 (0) 6.4 0.016 6.4

30–60 (1) 5.8 0.010 5.7
>60 (2) 5.3 0.022 5.2

Sex
Male (0) 5.8 0.013 5.9

Female (1) 5.8 0.013 5.8

Region
North (0) 5.6 0.012 5.6

Central (1) 5.6 0.019 5.7
South (2) 6.2 0.019 6.3

Day Weekdays (0) 5.7 0.013 5.7
Weekends (1) 6.0 0.014 6.0

Go-to-bed time

Age (years)
<30 (0) 22.6 0.015 22.6

30–60 (1) 22.3 0.010 22.3
>60 (2) 22.0 0.020 21.9

Sex
Male (0) 22.3 0.012 22.3

Female (1) 22.3 0.012 22.3

Region
North (0) 22.1 0.011 22.2

Central (1) 22.1 0.017 22.1
South (2) 22.6 0.017 22.7

Day Weekdays (0) 22.3 0.012 22.3
Weekends (1) 22.3 0.012 22.4

Table 9 shows the results of the effect test to determine the significance of the effects of respondents’
age, sex, living region, and day, as well as their interaction effects on wake-up and go-to-bed time. All
the main effects of sex, age, region, and day were significant; age had the most significant effect, and
sex had the least significant effect. While the interaction effects of Age*Sex, Age*Region, Age*Day,
Sex*Region were significant in the wake-up-time model, only Age*Region and Sex*Region were
significant in the go-to-bed-time model. The interaction effect of Age*Sex indicates the impact of sex on
the wake-up time adjusted by age. This interaction effect had a similar tendency in the go-to-bed-time
model but was not as pronounced as that in the wake-up-time model.
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Table 9. Analysis of variance for the effects of age (<30, 30–60, >60 years), sex (male, female),
living region (northern, central, and south), and day (weekdays and weekends) on wake-up and
go-to-bed time.

Item Source Nparm DF Sum of Squares F Ratio Prob > F

Wake-up
time

Age 2 2 2190.0 940.8 <0.001
Sex 1 1 13.2 11.3 <0.001

Region 2 2 675.7 290.3 <0.001
Day 1 1 300.4 258.1 <0.001

Age*Sex 2 2 40.9 17.6 <0.001
Age*Region 4 4 36.0 7.7 <0.001

Age*Day 2 2 54.0 23.2 <0.001
Sex*Region 2 2 11.2 4.8 0.008

Sex*Day 1 1 0.9 0.8 0.379
Region*Day 2 2 0.7 0.3 0.742

Go-to-bed
time

Age 2 2 732.9 380.9 <0.001
Sex 1 1 14.0 14.5 <0.001

Region 2 2 657.1 341.6 <0.001
Day 1 1 26.7 27.8 <0.001

Age*Sex 2 2 1.9 1.0 0.371
Age*Region 4 4 16.2 4.2 0.002

Age*Day 2 2 4.3 2.3 0.105
Sex*Region 2 2 9.3 4.9 0.008

Sex*Day 1 1 0.3 0.3 0.582
Region*Day 2 2 0.5 0.3 0.773

A*B: interaction effects of A effect and B effect.

Interaction plots for the go-to-bed time and wake-up time with the interaction effect of age and
sex are shown in Figure 8. The age-related effect on sleeping time differed between men and women.
The interaction between age and sex was significant for wake-up time (the curves cross), but not for
go-to-bed time (the curves are parallel). Men tended to wake up earlier as they aged. This tendency
was milder among women. For go-to-bed time, the relationship was almost the same between men and
women. The interaction effect of age and region is significant in both the wake-up- and go-to-bed-time
models. Respondents aged 30–60 years in central Vietnam go to bed and wake up in the time just in
between those aged > 60 years and those aged < 30 years. While those in southern Vietnam wake up
later, like those aged < 30 years, those in northern Vietnam wake up earlier, like those aged > 60 years.
The same trend was observed in the go-to-bed-time model.
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(years; <30 (0), 30–60 (1), >60 (2)) and sex (male (0), female (1)). (a) Wake-up time least-square means;
(b) Go-to-bed time least-square means.
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This result indicates the time break at the beginning and end of the day or nighttime segmentation
when calculating the Ldn. Accordingly, as the go-to-bed and wake-up time (estimated in Table 8),
defined by the time at which the percentage of people who were sleeping changed from more than
50% to less than 50%, or vice versa, go-to-bed and wake-up time can be said to be 22:00 to 23:00 and
5:30 to 6:30, respectively. Given the negative effects of excessive noise on people’s sleep, these should
be 5:30/6:00 and 22:00. This result is consistent with the outcomes drawn from Figures 4–6. These
segmentations fit better with the sleeping temporal patterns of Vietnamese people than those in the
current national regulations and standards, which applies reference time intervals of 6:00 to 21:00 for
daytime and 21:00 to 6:00 for nighttime.

The recently published Environmental Noise Guidelines for the European Region by the World
Health Organization (WHO) Regional Office in Europe [24] provided recommended noise limits for
road, rail, and aircraft using Lden and Lnight. Lden averages the noise out over a 12-h day, a four-hour
evening, and an eight-hour night. Particularly, Lnight averages the noise from 23:00 to 7:00 These
segmentations fit well to the sleeping temporal patterns of the young Vietnamese population. Since
older Vietnamese adults wake up and go to bed about one hour earlier than their younger counterparts,
it may be preferable to set the daytime and nighttime one hour earlier than the standard decided for
the general population.

3.5. Comparison of Go-to-bed and Wake-up Times between Surveys in 2009 and 2017

The temporal changes in the rate of sleeping people obtained in the surveys conducted around
NBIA in 2009 and 2017 were compared to clarify if the sleeping temporal patterns of Vietnamese
people changed by time (Figure 9). In the ANOVA, which was conducted to determine differences
in respondents’ sleeping time between the two surveys, the p-value for the wake-up time model
was 0.676 (F = 0.175), while the p-value for the go-to-bed time model was 0.934 (F = 0.0069). This
indicates that there was no significant difference in the sleeping time patterns between the two surveys.
The difference in wake-up time between weekdays and weekends was slightly larger than that for
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Figure 9. Comparison of sleeping time between the 2009 and 2017 surveys conducted at Noi Bai airport.

3.6. Comparison of Temporal Pattern of Daily Activities between Japanese and Vietnamese People

In this section, data of Vietnamese people’s sleeping time from the socio-acoustic surveys were
compared with the relevant data of Japanese people, extracted from the Survey on Time Use and
Leisure Activities of Japan. According to the pattern shown in Figure 10, the difference between Japan
and Vietnam is remarkable in the early morning and at midnight. Many Japanese respondents were
not asleep at midnight. However, almost 100% of Vietnamese respondents were. This difference
did not exist at 23:00. Regarding the difference between weekdays and weekends, there was only a
slight difference between 5:00 and 8:00, and there seems to be no difference at other times. At a 50%
sleeping rate, go-to-bed and wake-up times were the same on weekdays and weekends for Vietnamese
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respondents, and there is about half an hour difference in the wake-up time of Japanese respondents.
At a 25% sleeping rate, there was a difference of about 45 min for wake-up time, but no difference in
bedtime among Japanese respondents. Therefore, if the criteria are set following a 25% sleeping rate
on weekdays, the daytime could be set from 6:00 to 22:00 for Vietnam and from 7:00 to 22:00 for Japan.
Consequently, Japan has adopted a 7:00 to 22:00 interval for the daytime and an evening time of 19 to
22:00 in its present noise-related regulations. In summary, Vietnamese respondents went to bed and
woke up earlier than Japanese respondents, signifying that the nighttime interval in noise indicators,
which should be proposed for Vietnam’s future aircraft noise standards, might differ to that of Japan.
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Figure 10. Comparison of sleeping temporal pattern between Japanese and Vietnamese respondents.

A total of 122 responses were obtained from the Questionnaire Survey of Vietnamese people’s
Life Rhythms. The temporal patterns of mealtimes obtained in both surveys were compared to clarify
when respondents ate breakfast, lunch, and dinner (Figure 11). While breakfast time was consistent
between Vietnamese and Japanese respondents, lunchtime and dinnertime differed between the two
countries. Lunchtime was earlier in Vietnam than in Japan. This result is consistent with the earlier
working time of Vietnamese citizens. The percentage of Japanese respondents who ate dinner after
19:00 was much higher than the percentage of Vietnamese respondents, indicating that the evening
interval in noise indicators of Vietnam may be designated one hour earlier than that of Japan.
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Vietnamese respondents.

3.7. Measured Lden, Ldn, and Lday Lnight Noise Indicators Adjusted by Different Time Intervals Segmentation

The WHO guidelines recommend reducing noise levels produced by aircrafts to below 45 dB
Lden for average noise exposure, as aircraft noise above this level is associated with adverse health
effects [24]. They also recommend levels below 40 dB Lnight for night noise exposure, as nighttime
aircraft noise above this level is associated with adverse effects on sleep [24]. Vietnam’s National
Technical Regulation on Noise (QCVN 26:2010/BTNMT) regulates noise limits in the daytime and the
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nighttime to be 55 and 45 in special areas, respectively, and 70 and 55 in usual areas, respectively. This
regulation is somewhat consistent with the WHO’s guidelines, but only for special areas; it is much
higher than what the WHO recommends for usual areas.

Looking at the aircraft noise levels we recently measured in residential areas around the three
major airports in Vietnam—NBIA in 2017, DAD in 2018, and TIA in 2019—Ldn under 55 dB is not
applicable for residential areas near the airports (Table 10). Seven sites—NBIA3–NBIA-10 (except site
A6)—that are located within 5 km from the endpoints of the runways on each side of NBIA have noise
levels exceeding 55 dB. Ldn measured at sites DAD-5 and DAD-6, the closest sites under the landing
and take-off paths of DAD, were 63 and 56 dB, respectively. The latest data collected in three residential
areas in Ho Chi Minh City show that the noise levels measured at site TIA-5, the closest to the end of
the runway on the landing side reached 78 dB (Ldn) and 79 dB (Lden). The noise level measured at
TIA-1, which is located 7 km east of the runway end of TIA, was 65 dB (Ldn). The difference between
estimated Ldn, adjusted by the time interval segmentation proposed by this study, was consistent with
QCVN 26:2010/BTNMT and TCVN 5949-1998—from 0.1 to 1.0 dB and from 0.2 to 0.8 dB, respectively.
These discrepancies in noise levels are non-significant. However, time intervals that match individuals’
actual lifestyle are recommended.

Table 10. Lden, Ldn, and Lday Lnight noise indicator values when different time interval segmentation
was adjusted.

Survey
Sites

Interval Segmentation
Proposed by This Study

Interval Segmentation
Consistent with QCVN

26:2010/BTNMT

Interval Segmentation Consistent
with TCVN 5949-1998

6–22 22–6 Ldn 6–21 21–6 Ldn 6–18 18–22 22–6 Lden

NBIA (2017)

NBIA-1 51.0 46.8 53.9 51.0 47.5 54.7 51.1 50.7 46.8 54.6
NBIA-2 50.7 46.6 53.7 50.6 47.4 54.4 50.8 50.1 46.6 54.3
NBIA-3 57.4 54.3 61.1 57.3 54.9 61.8 57.4 57.1 54.3 61.7
NBIA-4 58.0 55.2 61.9 57.9 56.0 62.8 57.8 58.6 55.2 62.6
NBIA-5 71.8 68.6 75.5 71.7 69.1 76.2 71.7 71.3 68.6 76.1
NBIA-6 50.3 44.1 52.1 50.3 45.1 52.9 50.5 49.2 44.1 52.9
NBIA-7 61.2 57.1 64.3 61.3 57.2 64.7 61.6 59.1 57.1 64.8
NBIA-8 61.9 58.8 65.8 62.0 58.9 66.1 62.3 59.4 58.8 66.2
NBIA-9 61.2 58.3 65.0 61.3 58.3 65.3 61.5 59.8 58.3 65.4
NBIA-10 55.7 52.6 59.4 55.9 52.6 59.7 56.2 53.7 52.6 59.8
NBIA-11 54.4 51.8 58.4 54.5 51.8 58.7 54.7 53.2 51.8 58.9
NBIA-12 33.8 30.2 37.5 34.0 30.3 37.8 33.5 31.6 30.2 38.2
NBIA-13 34.6 28.6 37.7 34.8 28.5 37.8 35.2 29.5 28.6 38.0

DAD (2018)

DAD-1 45.1 41.8 48.6 45.1 42.2 49.2 45.7 42.5 41.8 48.9
DAD-2 50.6 48.4 54.9 50.5 49.0 55.7 50.8 50.5 48.4 55.5
DAD-3 53.5 51.1 57.6 53.4 51.6 58.3 53.7 52.6 51.1 58.1
DAD-5 63.0 61.7 68.0 62.7 62.5 69.0 62.4 64.5 61.7 68.6
DAD-6 56.2 58.3 64.0 56.4 57.2 63.5 56.5 55.3 58.3 64.2

TIA (2019)

TIA-1 60.7 58.5 65.0 60.6 59.0 65.6 60.4 61.5 58.5 65.6
TIA-2 63.1 60.7 67.2 63.0 61.2 67.9 62.8 63.7 60.7 67.9
TIA-5 74.7 71.7 78.4 74.6 72.3 79.1 74.5 75.2 71.7 79.1

The past decade has seen an increase in nighttime flight operations at major airports in Vietnam,
resulting in a spike in the number of night noise events, especially from 0:00–4:00, compared to the
data collected in previous surveys (Figure 3). The aircraft movement distribution in different time
intervals considered in this study (Table 11) shows that the aircraft movements operated from 22:00
to 6:00 occupied 17%, 24%, and 18% the total number of flights in a day at NBIA, DAD, and TIA,
respectively. Applying the proposed nighttime interval will result in fewer nighttime flights than
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applying the current QCVN. However, it maintains the same definition as in TCVN. Moreover, Ldn,
defined by different time intervals, differed only within 1.0 dB, as shown in Table 10.

Table 11. Aircraft movement distribution at NBIA, DAD, and TIA in different time intervals.

Survey Interval Segmentation
Proposed by This Study

Interval Segmentation
Consistent with QCVN

26:2010/BTNMT

Interval Segmentation
Consistent with TCVN

5949-1998

All
Day

6–22 22–6 6–21 21–6 6–18 18–22 22–6

NBIA
(2017)

Landing 173 36 157 52 125 48 36 209
Take-off 174 37 168 43 139 35 37 211

DAD
(2018)

Landing 95 28 89 34 71 24 28 123
Take-off 105 34 103 36 85 20 34 139

TIA
(2019)

Landing 287 77 265 99 214 73 77 364
Take-off 308 56 294 70 244 64 56 364

4. Discussion

4.1. Appropriate Time Interval Segmentation and Noise Limit Value

The results of analyzing wake-up and go-to-bed times using the data from the socio-acoustic
surveys in Vietnam from 2007 to 2017, as shown in Section 3, indicated that the time intervals’
classification of the QCVN 26:2010/BTNMT noise index is not necessarily appropriate. This suggests
the necessity of changing the calculation of the noise indicators for future noise policy. Adjusting the
Ldn calculation might make the measured values fluctuate less than 1 dB, depending on the distribution
of flight movements over 24 h.

There is no available standard for aircraft noise in Vietnam. A representative exposure–response
curve for aircraft noise annoyance in Vietnam, plotted by a logistic regression function (Figure 12), was
referenced to consider the limit values of aircraft noise policy in Vietnam. Following the EU position
paper [25], Lden was selected as the noise indicator for predicting annoyance in the socio-acoustic
surveys in Vietnam. The percentage of highly annoyed persons (%HA) was used as the descriptor
of noise annoyance. %HA was calculated by counting the percentage of respondents who chose 8,
9, or 10 (top 27%) on an 11–point numerical scale (0–10), which was consistent with the definition of
%HA in the EU position paper. The curve for aircraft noise in Vietnam was almost coincident to that in
the EU position paper for %HA. In other words, Vietnamese residents are possibly annoyed to the
same degree as European people when exposed to the same noise level. However, they may be more
annoyed by aircraft noise than road traffic noise.
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In the WHO’s guidelines, noise exposure limits were determined based on a benchmark—an
absolute risk of 10% HA population—in the exposure–response relationships [21]. However, it is not
feasible to apply these noise limits to Vietnam because it is not possible to reduce noise levels to lower
than 55 dB due to the high-level noise exposure of road and air traffic noise. Therefore, it is more
realistic to set noise limit values at a risk level from 20% to 30% HA in the short term. Thus, the noise
exposure limit for aircraft noise in Vietnam could be set in a range from 60 (20% HA) to 65 dB (30% HA)
for average noise exposure, Ldn, with the two reference time intervals of day (6:00 to 22:00) and night
(22:00 to 6:00). These values are more feasible than the permissible noise limits of 55 dB in the daytime
and 45 dB in the nighttime (or 55 dB, Ldn), which was prescribed in the QCVN 26:2010/BTNMT for
specialized areas. However, they are stricter than the permissible noise limits, which are 70 and 55 dB
for the daytime and the nighttime (or 69 dB, Ldn. ) in usual areas. If overall environmental noise
in Vietnam can be reduced, and people demand a less noisy living environment, this limit should
be considered to coincide with the WHO’s recommendation. The noise criteria for planning areas
around the airport should be stricter than those for general environmental noise, considering the severe
response to aircraft noise based on the noise exposure–response relationships proposed for Vietnam.

4.2. Limitations and Implications

Although the analytical results in this study show that there was no significant difference in
go-to-bed and wake-up time in the previous surveys, the change in the temporal patterns of respondents’
sleeping time and other daily activities needs to be further studied over a longer time span to make
appropriate recommendations for future policies. In addition, the limited amount of data obtained in
the online Questionnaire Survey of Vietnamese people’s life rhythms owing to time constraints limits
the reliability of this study. The authors are planning to conduct a full-scale survey on the actual time
that Vietnamese people perform their daily activities, referring to the methods used in the Survey on
Time Use and Leisure Activities of Japan.

Implications from this study include the development of an aircraft noise indicator in Vietnam
that considers the following future noise policy: (1) adjusting the reference time intervals of the noise
indicator; (2) recommending the limits for aircraft noise referring to the WHO’s recently published
Environmental Noise Guidelines for the European Region; and (3) establishing national guidelines for
noise emission that are relevant to the circumstances, lifestyle, and culture of each country’s population.

5. Conclusions

In this study, the validity of time interval segmentation for environmental noise indicators was
examined based on the data analysis of past questionnaire surveys conducted in Vietnam. Temporal
patterns of sleeping activities were analyzed to investigate the awake and sleeping time intervals of
Vietnamese people to inform better environmental noise indexes, especially for an appropriate rating
of aircraft noise. The results showed that Vietnamese citizens wake up between 5:00 and 6:00 and go to
bed between 22:00 and 23:00 This differed from the time segmentation in the current regulation on
environmental noise in Vietnam, in which two reference time intervals of daytime (6:00 to 21:00) and
nighttime (21:00 to 6:00) (QCVN 26:2010/BTNMT) were adopted.

Go-to-bed and wake-up times of Vietnamese respondents were found to differ by regions
(e.g., wake-up and go-to-bed times in southern Vietnam are approximately one hour later than those
in northern and central Vietnam). This finding indicates that different time segmentations can be
assigned depending on the region in which the corresponding standards and regulations are applied.
Some countries, such as Belgium, set different time intervals in their noise guidelines depending on
the region. Although the start of nighttime in southern Vietnam could be set one hour later than in
other regions, it is necessary to define a nighttime interval for all of the regions or assign different time
interval segmentations depending on the regions, considering the negative effects of nighttime aircraft
noise on the residents’ health. A full-scaled questionnaire survey on Vietnamese people’s life rhythms
is planned to provide a basis for a multilateral discussion on this issue.
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Temporal patterns of Vietnamese people’s lifestyle were compared with those of Japanese citizens.
We compared the noise indicators for noise evaluation in Vietnam and Japan. The comparison
suggested that the appropriate reference time intervals for aircraft noise indicators in Vietnam that are
recommended for the next policy implementation phase are Ldn, with the two reference time intervals
of day (6:00 to 22:00) and night (22:00 to 6:00), and Lden, with three reference time intervals of daytime
(6:00 to 18:00), evening (18:00 to 22:00), and nighttime (22:00. to 6:00).
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